
designed to encourage growth of certain types of organisms while inhib-
iting growth of others. The selective media considered in this section are
used specifically to isolate pathogenic bacteria and yeast from human or
environmental samples containing a mixture of organisms. Some selec-
tive media contain indicators that expose differences between organisms.
Such media are considered to be selective and differential. See Tables 2-1,
2-2, and 2-3 for summaries of terms related to organisms and media,
and roles of common ingredients found in selective media.

6 � A Photographic Atlas for the Microbiology Laboratory

2-3 STREAK PLATE OF SERRATIA MARCESCENS Note
the decreasing density of growth in the four streak
patterns. On this plate, isolation is first obtained in the
fourth streak. A portion of an individual colony may be
transferred to a sterile medium to start a pure culture.

Term Definition

Defined medium A medium in which the chemical identity and exact amounts of all ingredients are known.

Undefined (complex)
A medium in which at least one ingredient is of unknown identity or amount.

medium

Selective medium A medium that contains an inhibitor to prevent or slow the growth of undesired organisms.

Differential medium A medium that is formulated in such a way that differences in the biochemistry/physiology
between organisms will be detected.

Terms Related to Media
T A B L E

2-1

Term Definition

Enteric Refers to any gut bacterium, but usually to members of the Enterobacteriaceae, which are Gram-negative
rods that ferment glucose and share other features in common.

Coliform A member of the Enterobacteriaceae that produces acid (and gas) from lactose fermentation.
(Note: this shared ability is useful for identification purposes, but is not of taxonomic significance.)

Noncoliform A member of the Enterobacteriaceae that does not ferment lactose.

Terms Related to Organisms
T A B L E

2-2

Ingredient Role

pH indicator Plays a major role in making a medium differential; it detects acid or base production,
depending on the medium.

Bile salts (oxgall) Used to select against organisms incapable of surviving passage through the gut, especially
Gram-positives.

Lactose Used as the fermentable carbohydrate in media that differentiate between coliforms and
noncoliforms.

Thiosulfate
Used as an electron acceptor by organisms capable of reducing sulfur to H2S.

(in some form)

Ferric ion Used as an indicator of sulfur reduction by reacting with H2S to form a black precipitate.

Common Ingredients in Selective Media and Their Roles
T A B L E

2-3
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� Purpose
Bacteroides fragilis is the most abundant bacterium found in the human colon,
reaching densities of 1011 cells per gram of feces! It also is the most common
anaerobic human pathogen. BBE Agar is a selective and differential medium
used for the isolation and presumptive identification of B. fragilis and its close
relatives (B. fragilis group).

� Principle
Nutrition is supplied by a base medium of tryptic soy agar, which includes
digests of casein (milk protein) and soybean meal. Other anaerobes in the
sample are inhibited by oxgall (bile). Facultative anaerobes, also abundant in
feces, compete with obligate anaerobes when grown anaerobically. These are
inhibited by the antibiotic gentamicin. The medium also includes esculin, which
B. fragilis is capable of hydrolyzing to produce esculetin. Esculetin in turn
reacts with ferric ion in the medium to produce a brown coloration around
B. fragilis growth (Figures 7-7 and 7-8). Presumptive identification of B. fragilis
is based on its ability to grow on BBE and darken the medium (Figure 2-4).

Bacteroides Bile Esculin (BBE) Agar

2-4 BACTEROIDES BILE ESCULIN AGAR This is
a streak plate of a fecal specimen on BBE. The
larger colonies within the darkened medium are
presumptively identified as B. fragilis group. The
smaller, lighter colonies not producing darkening
of the medium are something other than B. fragilis.

Bismuth Sulfite Glucose Glycine Yeast (BiGGY) Agar

� Purpose
BiGGY Agar is a selective and differential medium used to isolate
species of the yeast Candida. Presumptive identification of Candida
spp. is also possible because of the differential results. Candida
albicans is a common inhabitant of the normal flora of the oral
cavity, gastrointestinal tract, and vagina, but it is also an opportunistic
pathogen, especially in immunocompromised individuals. For more
information, please refer to page 183.

� Principle
Carbon, nitrogen, and other nutrients are supplied by yeast extract
and dextrose, whereas glycine stimulates growth. During autoclaving,
sodium sulfite and bismuth ammonium citrate react to form bismuth
sulfite, which is inhibitory to most bacteria, but not Candida species.
Candida species reduce the bismuth sulfite (at slightly acidic or neutral
pH) and produce a brown pigment within, and sometimes around, the
colonies (Figure 2-5).

2-5 BIGGY AGAR The ability to grow combined
with the brown color (due to bismuth sulfite reduction)
provides provisional identification of Candida albicans.
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A Photographic Atlas of Histology196

14-38 Bile Canaliculi  Bile production is among the many func-
tions performed by hepatocytes. Bile canaliculi (BC) are tiny channels 
formed between hepatocytes that lead to a branch of the bile duct in  
the hepatic triad. These bile canaliculi have been injected with a black 
dye to make them more visible. Notice that they are only found between 
(or “over” in this section) hepatocytes (H, darker orange), not in the sinu-
soids (S, lighter orange). Normally, blood and bile don’t mix. A central 
vein (CV) is also seen in this field. (3400)

14-39 Hepatic (Portal) Triad  Branches of the hepatic artery (HA), 
hepatic portal vein (PV), and bile duct (BD) travel together throughout the 
liver and form a hepatic triad. Notice that the triad components are not 
unusual in appearance. That is, the artery is smaller and has a thicker 
wall than the vein, and the bile duct is lined with a simple cuboidal to  
columnar epithelium. This specimen was sectioned just above a branch 
point, so each component is represented more than once. (3200)

3400 3200

14-40 Other Interpretations of Liver Lobules  (a) A portal lobule is drawn over this liver section. The portal lobule emphasizes bile drainage, 
with a bile duct at its center. (B) An acinar lobule (or portal acinus) emphasizes blood flow from the blood vessels in the portal triads toward the central 
veins of two adjacent classic lobules. Both micrographs are 340.
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81Muscle Tissue  Chapter 7

7-2 Skeletal Muscle  Transverse striations and many peripheral nuclei 
(N) characterize skeletal muscle fibers. (3230)

3230
3210

3210

N

A

B

7-3 Skeletal Muscle in Various Sections  These speci-
mens from the tongue show skeletal muscle fibers sectioned in all 
planes. Even though the striations are not visible in cross section, 
the peripheral nuclei (arrows) are a useful feature for identifying this 
tissue. Both micrographs are 3210.

7-4 Muscle Fiber Structure  Sarcolemma (plasma membrane) surrounds the complex, but highly organized, interior of each fiber. Protein fila-
ments forming the contractile machinery are found within myofibrils, which occupy the majority of a fiber’s volume. Wrapped around each myofibril are 
two membranous systems: sarcoplasmic reticulum (SR) and T tubules. SR stores calcium ions, which are released when stimulated by an action po-
tential carried by the T tubules from the fiber’s surface to its interior (thus ensuring that all myofibrils, for all practical purposes, contract in unison). 
Calcium is necessary for the actin and myosin filaments to slide across one another to produce shortening of the fiber. Note the terminal cisternae of 
SR found on either side of T tubules, which form a muscle triad.

217Urinary System  Chapter 16

16-6 Afferent and Efferent Arterioles  (A) In this micrograph, the blood vessels have been injected with a red dye, and the elements of a renal 
corpuscle vascular pole (VP) are seen. Notice the afferent arteriole (AA) has a larger diameter than the efferent arteriole (EA) emerging from the glom-
erulus (G). Bowman’s space (BS) is also visible although the details of Bowman’s capsule are not. (3380) (b) In standard sections, the vascular pole 
(VP) of the renal corpuscle is often visible, but it is difficult to distinguish between the afferent and efferent arterioles. Glomerular capillaries (GC) with 
blood cells and the parietal layer of Bowman’s capsule (BC) are visible, however. (3680)

A

A

b

b

C

16-7 Proximal Convoluted Tubule  (A) The lumen of a proximal 
convoluted tubule (PCT) is continuous with Bowman’s space (BS) at the 
urinary pole. Proximal tubules have a simple cuboidal epithelium with  
microvilli (M) (also called a brush border), barely discernible in this speci-
men. All the tubules in this field are proximal convoluted tubules. Note 
the abundant capillaries (Ca) surrounding the tubules. (3660) (b) In this 
PAS plus hematoxylin preparation, the basement membranes (BM) are 
prominently shown as magenta lines, as are the microvilli lining the prox-
imal convoluted tubules. Most tubules in the cortex are proximal tubules, 
but a couple of distal convoluted tubules (DCT) are also identifiable in this 
specimen by their open lumen and lack of microvilli. (3260) (C) The  
microvilli of proximal convoluted tubules are seen in this thin section  
micrograph, as are capillaries and a distal convoluted tubule. Compare 
these to Figure 16-9. (3400)
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You can’t be in the lab 24 hours a day…
. . . but by purchasing the full-color A Photographic Atlas of Histology, 2nd Edition, you can have the 
resources from the lab at your fingertips no matter where you are!
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material and succeed in your course. Most students who take histology and anatomy and physiology 
courses are planning to pursue careers as health professionals. The competition to be accepted into 
most of these programs is serious. A small investment in this atlas now can help ensure your future 
success in your college studies and your career.

Great care has gone into the preparation of A Photographic Atlas of Histology, 2nd Edition, to provide 
you with a complete set of photographs that will assist you in identifying what needs to be seen on 
each slide. In addition, descriptive captions for each image have been provided to give a concise 
synopsis of histological basics.

This atlas contains more than 700
high-quality photomicrographs of
human tissues and organs.

The photomicrographs presented in
this atlas were prepared from slides
that are readily available to match
as closely as possible what you will
see in the laboratory.

Photomicrographs and illustrations
are used throughout to clarify
histological concepts.
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This book is designed for students enrolled in any human anatomy or combined human anatomy and physiology 
course. This comprehensive guide uses visual analogies and conceptual illustrations to assist students in learning 
the fundamental concepts and structures of human anatomy.

Your instructor has either required or recommended this book for one reason: it will help you learn the  
material and succeed in your course. Many students who study human anatomy are planning to pursue careers  
as health professionals. The competition to be accepted into most of these programs is serious. A small investment 
in this guide now can help ensure your future success in your college studies and in your career.

A Visual Analogy Guide to 
Human Anatomy 

Third Edition

m  In the modular format, the text 
is on the left side and the  
associated illustrations on  
the right-facing page, a  
user-friendly feature.

m  Large, high-quality, original  
illustrations depict the  
anatomical concepts.

m   Study tips are provided as  
another student-friendly feature.

m  Thematic icons are used 
throughout the book.

132 

Description A whole skeletal muscle is packaged like a series of tubes within other tubes. A muscle is first divided 
into bundles of long tubes called fascicles. Each fascicle is a bundle of skeletal  muscle cells or fibers. 
Each skeletal muscle cell is a bundle of myofibrils. Each myofibril is composed primarily of 
myofilaments made of two key protein filaments—myosin and actin. These  proteins are part of a 
repeated unit called a sarcomere, the structural and functional unit for muscle  contraction. The ends 
of a sarcomere are defined by the Z-lines, made of protein.

All of these different bundles of tube-like structures are held together with connective tissue. The 
epimysium (epi 5 upon, mys 5 muscle) is a tough, fibrous, connective tissue that completely 
surrounds the outside of a whole muscle. Within the whole muscle, the perimysium (peri 5 around, 
mys 5 muscle) fills the space around and between fascicles.  Surrounding each skeletal muscle cell is 
another connective tissue called the endomysium (endo 5 within, mys 5 muscle) that mainly serves to 
bind one skeletal muscle cell to another.

Analogies Three analogies are given for structures at the level of the sarcomere. 

1. An actin or thin filament compares with a double-stranded chain of pearls. Each pearl is
equivalent to one molecule of actin. (Note that this analogy does not include the troponin and
tropomyosin proteins.)

2. The myosin filament has myosin heads (cross bridges) branching off of it, which later attach to
actin during muscle contraction. From the lateral view, these heads appear angled like the tail 
feathers in an arrow.

3. The myosin heads attach to actin and pull on it with a regular movement. To visualize this
movement, imagine the heads moving like a boat rower’s oars. Unlike the oar movements, 
however, the heads do not all move at the same time.

Location All skeletal muscles in the human body (more than 600 in all).

Function Contraction   for the purpose of movement.

muscular system
Basic Structure of Skeletal Muscle

1. Whole muscle (biceps brachii 
from the illustration)

2. Fascicle
3. Skeletal muscle cell (fiber)

4. Myofibril
5. Epimysium
6. Perimysium
7. Endomysium

8. Myosin heads
9. Myosin (thick) filaments

10. Actin (thin) filaments
11. Z-line

Key to Illustration

Fun Fact: The skull is
composed of 22 bones:
8 in the skullcap and 14 
in the face.

6

5

4

1

2

3

Sphenoid Bone
(in skull)

Ros the cowboy sits on 
the saddle (sella turcica)
of the sphenoid bone.

Optic 
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Skull
(superior view

with scullcap removed)
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skeletal system Axial Skeleton
Sphenoidal Foramina: Linking Them with Ros the Cowboy

 1.  

 2.  

 3.  
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 5.  

 6.  
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Fun Fact: Bone is stronger
than concrete and nearly as 
strong as steel.

From a superior view,
 each osteon looks 
  like a tree stump.
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tissues Connective
Bone (osseous) Tissue

 1.  

 2.  

 3.  
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This book is designed for students enrolled in any human anatomy and physiology course. This comprehensive 
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This module deals with the following concepts:

● Dalton’s law
● Henry’s law
● Diffusion of O2 and CO2 into and out of the blood
● External respiration and internal respiration

Dalton’s Law Dalton’s law is a gas law that deals with partial pressures of 
gases. It states that in a mixture of gases (like the air we 
breathe), each gas exerts its own partial pressure. Therefore, 
the sum of all the partial pressures is the total pressure 
exerted by the gas mixture.

Consider a barometer that measures atmospheric 
pressure (AP). At sea level, the normal AP is 760 mm Hg. 
Air contains the following gases: nitrogen (78%), oxygen 
(21%), water vapor (0.4%), carbon dioxide (0.04%), and 
other gases (0.06%). The partial pressure of nitrogen gas 
(Pn2) is 78% of 760 or 597 mm Hg. The partial pressure of 
oxygen (Po2) is 21% of 760, or 159 mm Hg. Therefore, the combined partial pressures from  nitrogen and oxygen 
account for 99% of atmospheric pressure (756 of the 760 total). In the body, we have to consider the partial pressures 
of physiologically important gases such as O2 and CO2 in the alveolar air and the blood.

Henry’s Law Another gas law, Henry’s law, states that at a given temperature, the amount of gas dissolved in a liquid is directly 
proportional to the partial pressure of that gas. Gases normally move in and out of solution, with some more 
soluble in liquids than others. For example, carbon dioxide (CO2) is highly soluble in water—much more so than 
oxygen (O2).

As an example of a gas moving out of solution, let’s consider soda pop. 
All sodas contain carbonated water—CO2 dissolved in water. Although much 
of the CO2 remains in solution, some is found in the air inside the bottle. If 
you open a soda and allow it to sit out at room temperature for a long time, 
all the CO2 eventually will move out of solution, and the soda will go “flat.” 
If you shake a fresh bottle, you can see the CO2 bubble out of solution, which 
builds up pressure inside the bottle. This increase in pressure causes the soda 
to shoot out when the bottle is opened. Similarly, in the lungs, CO2 moves out 
of solution from the blood capillaries and into the alveolar air. 

  The blood Pco2 level is about 45 mm Hg as it approaches the lungs, and the 
Pco2 in the alveoli is about 40 mm Hg. Because of the small gradient, CO2 
slowly diffuses out of the blood and into the alveoli. As the blood leaves the 
lungs, the Pco2 level has dropped slightly, to about 40 mm Hg. Because 
 tissues produce CO2 as a by-product of normal metabolism, it gradually diffuses back into the blood causing the 
Pco2 levels to rise back to 45 mm Hg. Therefore, the Pco2 levels in the blood have a narrow range, between 40–45 
mm Hg. This stable amount of CO2 forms bicarbonate in the blood, which helps buffer the blood’s pH to keep it in 
the normal range of 7.35–7.45. 

The blood Po2 level is about 40 mm Hg as it approaches the lungs, while the Po2 of the alveolar air is about 
105 mm Hg. Because of the large gradient, O2 quickly diffuses into the blood. Because the hemoglobin in the red 
blood cells is especially efficient at binding O2, the blood Po2 levels rise to 100 mm Hg—the typical level for 
oxygenated blood. When the oxygenated blood approaches  tissues low in  oxygen, it rapidly diffuses into tissues. In 
deoxygenated blood, the Po2 drops to about 40 mm Hg. In short, the blood Po2 levels vary widely, from 40 mm Hg 
in deoxygenated blood to 100 mm Hg in  oxygenated blood.

● External respiration occurs between the alveoli in the lungs and the blood capillaries; O2 moves from the alveoli 
into the blood, and CO2 moves from the blood into the alveoli.

● Internal respiration occurs between the blood capillaries and body cells; O2 moves from the blood into body 
cells, and CO2 moves from the body cells (where it is produced as a waste product) into the blood.

Once oxygen is inside body cells, it is used in the important process of cellular respiration (see p. 406).

respiratory system
Diffusion of O2 and CO2
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and Internal
Respiration
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the direction of blood flow.
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CELLS Structure and Function
Passive Membrane Transport: Filtration
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Orbital Complex

Seven bones (b.) form the bony 
orbit that encases the eye:

• Frontal b.      • Palatine b.
• Maxilla          • Sphenoid
• Lacrimal b. • Zygomatic b.
• Ethmoid

S2
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Color the 
different bones
to match your 
textbook.
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skeletal system Axial Skeleton
Skull: Anterior View

Bones (B)

B1 Frontal bone

B2 Sphenoid 

B3 Ethmoid 

B4 Lacrimal bone

B5 Nasal bone

B6 Parietal bone

B7 Temporal bone

B8 Palatine bone

B9 Zygomatic bone

B10 Maxilla

B11 Vomer

B12 Mandible

Sutures (S)

S1 Coronal suture

S2 Squamous suture

Foramina (F)

F1 Supraorbital foramen

F2 Infraorbital foramen

F3 Mental foramen

Canal (C)

C1 Optic canal

Processes, Projections (P)

P1 Middle nasal concha

P2  Perpendicular process of ethmoid

P3 Inferior nasal concha

Fissures (FS)

FS1 Superior orbital fissure

FS2 Inferior orbital fissure

Key to Illustration
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Safety and 
Laboratory 
Guidelines

Microbiology lab can be an interesting and exciting experience, 
but at the outset you should be aware of some potential 
hazards. Improper handling of chemicals, equipment, and/or 
microbial cultures is dangerous and can result in injury or  
infection. Safety with lab equipment will be addressed when 
you first use that specific piece of equipment, as will specific 
examples of chemical safety. Our main concern here is to  
introduce you to safe handling and disposal of microbes.1

Because microorganisms present varying degrees of risk to laboratory personnel (students, technicians, and 
faculty), people outside the laboratory, and the environment, microbial cultures must be handled safely. The clas-
sification of microbes into four biosafety levels (BSLs) provides a set of minimum standards for laboratory practices, 
facilities, and equipment to be used when handling organisms at each level. These biosafety levels, defined in the 
U.S. government publication, Biosafety in Microbiological and Biomedical Laboratories, 5th edition (2009), are 
summarized below and in Table I-1. For complete information, readers are referred to the original document.

BSL-1: Organisms do not typically cause disease in healthy individuals and present a minimal threat to the  
environment and lab personnel. Standard microbiological practices are adequate. These microbes may  
be handled in the open, and no special containment equipment is required. Examples include Bacillus 
subtilis, Escherichia coli (most strains), Rhodospirillum rubrum, and Lactobacillus acidophilus.

BSL-2: Organisms are commonly encountered in the community and present a moderate environmental and/or 
health hazard. These organisms are associated with a variety of human diseases, most of which can be 
successfully treated if identified in a timely manner. The infection routes of primary concern are ingestion, 
inhalation, or penetration of the skin (percutaneous). Individuals performing work prone to splashes or 
aerosol generation (even though these organisms are not generally known to be transmitted by aerosols) 
should work in a biological safety cabinet (BSC). Otherwise, laboratory work may be done using standard 
microbiological practices. Examples include Salmonella, Staphylococcus aureus, Clostridium dificile, and 
Borrelia burgdorferi.

BSL-3: Organisms are of local or exotic origin and are associated with respiratory transmission and serious or  
lethal diseases where treatment and/or vaccines may or may not be available. Special ventilation systems 
are used to prevent aerosol transmission out of the laboratory, and access to the lab is restricted. Specially 
trained personnel handle microbes in a Class II or III BSC, not on the open bench (Fig. I.1). Examples  
include Bacillus anthracis, Mycobacterium tuberculosis, and West Nile virus.

INTRODUCTION
HEALTH HAZARD

4–Deadly
3–Extreme danger
2–Hazardous
1–Slightly hazardous
0–Normal material

FIRE HAZARD

Flash Points
4– Below 73° F
3– Below 100° F
2– Below 200° F
1– Above 200° F
0–Will not burn

REACTIVITY

4– May detonate
3–  Shock and heat  

may detonate
2– Violent chemical change
1– Unstable if heated
0– Stable

SPECIFIC 
HAZARD

Oxidizer OXY
Acid ACID
Alkali ALK
Corrosive COR
Use NO WATER W
Radiation Hazard 

1

1 Your instructor may augment or revise these guidelines to fit the conventions of your laboratory.
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 table I-1 Summary of Recommended Biosafety Levels for Infectious Agents

BSL Agents Practices
Safety Equipment 
(Primary Barriers)

Facilities 
(Secondary Barriers)

1 77 Not known to consistently 
cause disease in healthy 
adults

77 e.g., Lactobacillus casei, 
Bacillus subtilis,  
Rhizobium  
leguminosarum

77 Standard microbiological 
practices

77 Primary barriers: none 
required

77 Personal Protective 
Equipment (PPE): 
laboratory coats and 
gloves; eye, face 
protection as needed

77 Laboratory bench 
practices and sink 
required

2 77 Agents associated with 
human disease; treat-
ments and/or vaccines 
are usually available

77 Routes of transmission 
include percutaneous 
injury, ingestion, and 
mucous membrane 
exposure

77 e.g., Staphylococcus 
aureus, Salmonella 
enterica, measles virus

BSL-1 practices plus:

77 Limited lab access

77 Biohazard warning signs

77 “Sharps” precautions

77 Biosafety manual 
defining any needed 
waste decontamination

77 Primary barriers: Class I 
or II BSCs or other 
physical containment 
devices used for all 
manipulations of agents  
that cause splashes or 
aerosols of infectious 
materials

77 PPEs: laboratory coats, 
gloves, face protection as 
needed

BSL-1 plus: 

77 Autoclave available

3 77 Indigenous or exotic 
agents with potential for 
aerosol transmission

77 Disease may have 
serious or lethal conse-
quences; treatments and/
or vaccines may be 
available

77 e.g., Yersinia pestis, 
Mycobacterium  
tuberculosis, rabies virus

BSL-2 practices plus: 

77 Controlled lab access

77 Decontamination of all 
waste

77 Decontamination of all 
lab clothing before 
laundering

77 Baseline serum 

77 Primary barriers: Class I 
or II BSCs or other 
physical containment 
devices used for all 
manipulations of agents  

77 PPEs: protective lab 
clothing, gloves, respira-
tory protection as needed

BSL-2 plus:

77 Physical separation from 
access corridors

77 Access to self-closing 
double door

77 Exhausted air not recircu-
lated

77 Negative airflow into 
laboratory

4 77 Dangerous/exotic agents 
that pose high risk of 
life-threatening disease, 
aerosol-transmitted lab 
infections, or related 
agents with unknown 
risk of transmission; 
treatment and vaccines 
are unavailable

77 e.g., Ebola virus, Lassa 
virus

BSL-3 practices plus: 

77 Clothing change before 
entering

77 Shower on exit

77 All material decontami-
nated on exit from facility

77 Primary barriers: all 
procedures conducted in 
Class III BSCs or Class I 
or II BSCs in combination 
with full-body, air-sup-
plied, positive pressure 
personnel suit

BSL-3 plus:

77 Separate building or 
isolated zone

77 Dedicated supply and 
exhaust vacuum, and 
decon system

77 Other requirements 
outlined in the text

Source: Adapted from Biosafety in Microbiological and Biomedical Laboratories, 5th edition (Washington, DC: U.S. Government Printing Office, 2007).
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BSL-4: Organisms have a great potential for lethal  
infection. Inhalation of infectious aerosols,  
exposure to infectious droplets, and autoinocu-
lation are of primary concern. The lab is isolated 
from other facilities, and access is strictly con-
trolled. Ventilation and waste management are 
under rigid control to prevent release of the  
microbial agents to the environment. Specially 
trained personnel perform transfers in Class III 
BSCs. Class II BSCs may be used as long as  
personnel wear positive pressure, one-piece body 
suits with a life-support system. Examples include 
agents causing hemorrhagic diseases, such as  
Ebola virus, Marburg virus, and Lassa fever.

The microorganisms used in introductory microbiol-
ogy courses depend on the institution, objectives of the 
course, and student preparation. Most introductory courses 
use organisms that may be handled at BSL-1 and BSL-2 
levels so we have followed that practice in designing this set 
of exercises. Following are general safety rules to reduce 
the chance of injury or infection to you and to others, 
both inside and outside the laboratory. Although both 
BSL-1 and BSL-2 guidelines are listed, we believe it is 
best to err on the side of caution and that students should 
learn and practice the safest level of standards (relative to 
the organisms they are likely to encounter) at all times. 
Please follow these and any other safety guidelines re-
quired by your college.

Chemical safety is also important in a microbiology 
laboratory. Be aware of the hazards presented by the 
chemicals you are handling. Containers should be labeled 
with a standard set of precautions as seen in Figure I.2. 
Numbers are assigned to the degree of health, fire, and  
reactivity hazard posed by the chemical. On stickers 
placed by the laboratory, there also is a space to enter  
specific hazards, such as acid, corrosive, and radioactivity.

Student Conduct
77 To reduce the risk of infection, do not smoke, eat, 
drink, or bring food or drinks into the laboratory 
room—even if lab work is not being done at the time.

77 Do not apply cosmetics or handle contact lenses in 
the laboratory.

77 Wash your hands thoroughly with soap and water  
after handling living microbes and before leaving the 
laboratory each day. Also, wash your hands after  
removing gloves.

77 Do not remove any organisms or chemicals from the 
laboratory.

77 Lab time is precious, so come to lab prepared for that 
day’s work. Figuring out what to do as you go is likely 
to produce confusion and accidents.

77 Work carefully and methodically. Do not hurry 
through any laboratory procedure.

I.1 Biological Safety Cabinet in a BSL-2 Laboratory  In this 
Class II BSC, air is drawn in from the room and is passed through a 
HEPA filter prior to release into the environment. This airflow pattern 
is designed to keep aerosolized microbes from escaping from the 
cabinet. The microbiologist is pipetting a culture. When the BSC is 
not in use at the end of the day, an ultraviolet light is turned on to 

sterilize the air and the work surface.
(San Diego County Public Health Laboratory)

I.2 Chemical Hazard Label  The blue, red, and yellow boxes on 
this label indicate the health, flammability, and reactivity levels, respec-
tively, of the compound sodium dodecyl sulfate (SDS). The colors are 
standardized (regardless of the chemical) and each is assigned a num-
ber between “0” (minimal) and “4” (severe) as shown in the legend at 
the lower right. SDS presents a moderate health hazard, is very flam-
mable, but minimally reactive. Also notice the icons in the upper right, 
which indicate (from top to bottom) that this compound should be han-
dled with eye protection, a lab coat, gloves, and adequate ventilation. 
Be aware of these warnings and comply with the associated cautions 
for all chemicals you handle in lab.
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2 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 161 3



Basic Laboratory Safety
77 Wear protective clothing (i.e., a lab coat) in the labora-
tory when handling microbes. Remove the coat prior 
to leaving the lab and autoclave it regularly (Fig. I.3).

77 Wear only closed-toe shoes in the laboratory.

77 Wear eye protection whenever you are heating chem-
icals, even if you wear glasses or contacts (Fig. I.3).

77 Turn off your Bunsen burner when it is not in use.  
In addition to being a fire and safety hazard, it is an 
unnecessary source of heat in the room.

77 Tie back long hair, because it is a potential source of 
contamination as well as a likely target for fire.

77 If you are feeling ill, go home. A microbiology labo-
ratory is not a safe place if you are ill.

77 If you are pregnant, immune compromised, or are 
taking immunosuppressant drugs, please see the  
instructor. It may be in your best long-term interests 
to postpone taking this class. Discuss your options 
with your instructor.

77 If it is your lab’s practice to wear disposable gloves 
while handling microorganisms, be sure to remove 
them each time you leave the laboratory. The proper 
method for removal is with the thumb under the cuff 
of the other hand’s glove and turning it inside out 
without snapping it. Gloves should then be disposed 
of in the container for contaminated materials. Then, 
wash your hands.

77 Wear disposable gloves while staining microbes and 
handling blood products—plasma, serum, antiserum, 
or whole blood (Fig. I.3). Handling blood can be haz-
ardous, even if you are wearing gloves. Consult your 
instructor before attempting to work with any blood 
products.

77 Use an antiseptic (e.g., Betadine®) on your skin if it is 
exposed to a spill containing microorganisms. Your 
instructor will tell you which antiseptic you will be 
using.

77 Never pipette by mouth. Always use mechanical  
pipettors (Fig. C-1, Appendix C).

77 Dispose of broken glass or any other item that could 
puncture an autoclave bag (contaminated or not) in an 
appropriate sharps or broken glass container (Fig. I.4).

77 Use a fume hood to perform any work involving highly 
volatile chemicals or stains that need to be heated.

77 Find the first-aid kit, and make a mental note of its 
location.

I.3 Safety First  This student is prepared to work safely with 
microorganisms. The lab area is uncluttered, tubes are upright in a 
test tube rack, and the flame is accessible but not in the way. The 
student is wearing a protective lab coat, gloves, and goggles, all  
of which are to be removed prior to leaving the laboratory. Not all 
procedures require gloves and eye protection. Your instructor will 
advise you as to the standards in your laboratory.

I.4 Sharps Container  Needles, glass, and other contaminated 
items that can penetrate the skin or an autoclave bag should be  
disposed of in a sharps container. Do not fill above the dashed black 
line. Notice the autoclave tape in the lower left. The white stripes will 
turn black after proper autoclaving. Above the autoclave tape is the 
address of the institution that produced the biohazardous waste.

INTRODUCTION Safety and Laboratory GuidelinesMICROBIOLOGY: Laboratory Theory & Application4
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77 Find the fire blanket, shower, and fire extinguisher, 
note their locations, and develop a plan for how to 
access them in an emergency.

77 Find the eyewash basin, learn how to operate it,  
and remember its location.

Reducing Contamination of Self,  
Others, Cultures, and the Environment

77 Wipe the desktop with a disinfectant (e.g., Coverage® 
or 10% chlorine bleach) before and after each lab 
period. Never assume that the class before you disin-
fected the work area. An appropriate disinfectant will 
be supplied. Allow the disinfectant to evaporate; do 
not wipe it dry.

77 Never lay culture tubes on the table; they always should 
remain upright in a tube holder (Fig. I.3). Even solid 
media tubes contain moisture or condensation that 
may leak out and contaminate everything it contacts.

77 Cover any culture spills with paper towels. Soak the 
towels immediately with disinfectant and allow them to 
stand for 20 minutes. Report the spill to your instructor. 
When you are finished, place the towels in the container 
designated for autoclaving.

7▪ If the culture spills on you, remain where you are, 
don’t touch anything, and have your lab partner 
notify the instructor. Your instructor will advise 
your group on how to handle the spill.

7▪ If you get a microbial culture in your eyes  
IMMEDIATELY have a lab partner lead you to the 
eyewash basin and rinse your eyes for at least 15 
minutes. Time is of the essence for eye contamina-
tion. Your lab partners must notify the instructor 
of the spill and your situation, and follow his/her 
instructions for handling your care and the spill.

77 Place all nonessential books and papers under the desk. 
A cluttered lab table is an invitation for an accident 
that may contaminate your expensive school supplies.

7▪ Cell phones, tablets, computers, and other electronic 
devices must never be on the lab table when work-
ing with microbes. Contamination of these items 
can be a health hazard as well as expensive.

77 When pipetting microbial cultures, place a disinfectant- 
soaked towel on the work area. This reduces contam-
ination and possible aerosols if a drop escapes from 
the pipette and hits the tabletop.

Guidelines Governing Handling  
of BSL-2 Organisms
Following is a list of precautions for handling BSL-2  
organisms. A number of these were already listed as  
optional, but are repeated here along with the new ones 
and now are considered “highly recommended.” It is also 
highly recommended that before students are allowed to 
handle BSL-2 organisms, they should demonstrate skill 
in handling BSL-1 organisms safely.

Your college may have other guidelines for handling 
BSL-2 organisms and other standards of practice may be 
adopted during the lifetime of this book, so pay attention 
to any announcements your lab instructor may give. And, 
as always, it is the instructor’s responsibility to choose 
organisms and lab exercises appropriate to the skill level 
of his/her students.

77 The lab instructor should announce to the class when 
BSL-2 precautions are in effect. Your college may also 
institute a mechanism for identifying BSL-2 cultures, 
such as using red caps on culture tubes. Be aware of 
any conventions used by your lab.

77 Access to the lab must be limited once work with the 
BSL-2 organisms has begun. Doors and windows 
must be closed.

77 All unnecessary materials (books, backpacks, etc.— 
in other words, anything you plan on taking home) 
must be kept off the work surface and safe from  
aerial contamination and spills. Your lab will have  
a designated place for their storage.

77 Disinfect your lab table top before and after the activity. 
Allow the disinfectant to air-dry.

77 A lab coat, gloves, and eye protection must be worn 
throughout the handling of BSL-2 organisms. Do not 
touch any items not directly involved in the lab activity. 
Properly remove and dispose of the gloves when fin-
ished. (See page 4 for proper glove removal.)

77 Writing utensils must be “lab dedicated,” that is, they 
do not leave the lab until they have been disinfected. 
It is best to wipe them down with disinfectant after 
use but keep them in your lab drawer for the entire 
semester. There is no sense in risking contamination 
of multiple pens and pencils by using different ones 
each day.

77 Electronic devices (e.g., laptops, tablets, cell phones) 
must be kept off the work surface and stored in an 
area protected from spills and aerial contamination.

INTRODUCTION Safety and Laboratory Guidelines 5MICROBIOLOGY: Laboratory Theory & Application
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77 Use page covers to protect your lab exercise pages 
while performing the activity. Once your work is 
completed, disinfect the page covers, wash your 
hands, and remove the pages. When dry, the page 
covers can be stored in your locker and reused. The 
lab book pages can be taken home.

77 It is best to use a photocopy of your data sheet to  
record results. Once you have decontaminated the 
area, it can be photographed and the results can be 
transcribed to the original data sheet. Dispose of the 
photocopy in an appropriate biohazard container. It 
must not leave the lab.

77 Minimizing aerosol production during the transfer of 
microorganisms is important and the instructions in 
Section 1 address methods for doing so. However, here 
is a summary of recommended practices specific to 
BSL-2 organisms.

7▪ Wire loops and needles should be incinerated in an 
enclosed electric incinerator (Fig. 1.14). Sterilization 
with an open flame should be avoided because of 
its potential for aerosol production.

7▪ An alternative to the electric incinerator is to per-
form transfers with sterile disposable loops or sterile 
wooden sticks. Both will work for transferring from 
solid or liquid media. After each use, they should be 
put in a disposal container (such as a can) contam-
inated end down in about 2 cm of disinfectant. 
When finished with the exercise, the can should  
be put in a bin for autoclaving or other disposal 
receptacle your lab uses. Alternatively, sticks and 
disposable loops can be put in a sharps container 
if that is your lab’s practice.

7▪ Pipetting must be done in such a way that the last 
drop is not “blown out” unless a Petri dish lid is 
covering a plate. Appendices C and D give specific 
instructions for pipetting BSL-2 organisms.

77 Clean up after the activity.
7▪ For incubation, place tubed cultures in a rack. For 

plate cultures, it is best to tape the lids on each 
plate individually by taping around the edge of the 
plate rather than taping around the base and lid 
(Fig. I.5). This allows viewing of the agar surface 
without having to remove the tape.

7▪ Wipe down the work surface, writing utensils, and 
page covers (if any) with disinfectant and let them 
air-dry. Only after the disinfectant has dried is it OK 
to place items to be removed from lab on your table.

7▪ Remove your gloves, eye protection, and lab coat 
and store them according to your lab’s conventions.

7▪ Wash your hands thoroughly.
7▪ Photograph your data sheet and dispose of it 

properly.

Disposing of Contaminated Materials
In most instances, the preferred method of decontami-
nating microbiological waste and reusable equipment  
is the autoclave (Fig. I.6).

77 Remove all labels from tube cultures and other  
contaminated reusable items and place them in the 
designated autoclave container. This will likely be  
an open autoclave pan to enable cleaning the tubes, 
and other items following sterilization.

I.5 Taping Plates  When taping plate lids, it is best to run the 
tape around the lid’s edge, and then press it firmly onto the base, 
as shown. Taping across the lid and base obscures the agar and 
makes reading a plate more difficult. This is especially problematic 
when BSL-2 organisms are being grown and the lid needs to remain 
on the plate.

I.6 An Autoclave  Media, cultures, and equipment to be  
sterilized are placed in the basket of the autoclave. Steam heat at  
a temperature of 121°C (produced at atmospheric pressure plus  
15 psi) for 15 minutes is effective at killing even bacterial spores. 
Some items that cannot withstand the heat, or have irregular sur-
faces that prevent uniform contact with the steam, are sterilized  
by other means.
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77 Dispose of plate cultures (if plastic Petri dishes are 
used) and other contaminated non-sharp disposable 
items in the autoclave container so designated (Fig. 
I.7). Petri dishes should be taped closed. (Note: To 
avoid recontamination of sterilized culture media 
and other items, autoclave containers are designed  
to be permanently closed, autoclaved, and discarded. 
Therefore, do not place reusable and nonreusable 
items in the same container.

77 Dispose of all blood product samples and disposable 
gloves in the container designated for autoclaving.

77 Place used microscope slides of bacteria in a sharps 
container designated for autoclaving, or soak them  
in disinfectant solution for at least 30 minutes before 
cleaning or discarding them. Follow your laboratory 
guidelines for disposing of glass. 

77 Place contaminated broken glass and other sharp  
objects (anything likely to puncture an autoclave bag) 
in a sharps container designated for autoclaving (Fig. 
I.4). Uncontaminated broken glass does not need to be 
autoclaved, but should be disposed of in a specialized 
broken glass container.

Student Compliance with Laboratory 
Safety Regulations
Your institution may augment the safety regulations out-
lined above or compile a list tailored to your laboratory. 
In either case, these constitute a Laboratory Safety State-
ment. It is highly recommended that students verify that 
they have read and understand these safety regulations, 
agree to comply with them, and are aware of noncompli-
ance consequences by signing a statement to that effect. 
The American Society for Microbiology has produced a 
publication (Emmert et al., 2012) that includes a sample 
Laboratory Safety Statement and a student signature page. 
The signature portion in a slightly modified form is  
reproduced on page 13. Your instructor may have you 
sign it or sign his/her own version of it.
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A Word About Experimental Design
Like most sciences, microbiology has descriptive and  
experimental components. Here we are concerned with 
the latter. Science is a philosophical approach to finding 
answers to questions. Despite what you may have been 
taught in grade school about THE “Scientific Method,” 
science can approach problems in many ways, rather than 
in any single way. The nature of the problem, personality 
of the scientist, intellectual environment at the time, and 
good, old-fashioned luck all play a role in determining 
which approach is taken. Nevertheless, in experimental 
science, one component that is always present is a control 
(or controls).

A controlled experiment is one in which all variables 
except one—the experimental variable—are maintained 
without change. Frequently, we are looking for the cause 
of some event, activity, or function. By limiting variables 
to only one we can draw a provisional conclusion about 
whether or not that variable causes the event. If changing 
the variable causes a change in the event, then we can 
provisionally conclude that the variable and the event are 
causally related; that is, we have demonstrated a cause and 
effect relationship between the event and the experimental 
variable. Alternatively, if there is no observed change, we 
can eliminate the experimental variable from involvement 
with the event. 

For example, if we want to determine the effect of in-
creasing temperature on microbial growth rate, we could 
grow the same microorganism in two test tubes containing 
the same nutrient source at two different temperatures. 
One would be grown at “normal” temperature (whatever 
it is for that organism) and the other would be grown at a 
higher temperature. Everything but temperature would be 
the same, so that if we see a difference in growth rate we 
can attribute it to the experimental variable, temperature. 
But how would we know there is a difference in growth 
rate? Simple—by comparing the growth rate at the higher 
temperature to the growth rate at the “normal” tempera-
ture. The “normal” temperature tube is the control; it 
provides a baseline growth rate against which the experi-
mental growth rate is compared. Growth rate in the  
experimental tube will be faster, slower, or the same as  
the control. Without the control we would only be able  
to measure growth rate in the experimental tube, but we 
couldn’t answer the question about the effect of higher 
temperature on growth rate. Had we grown different mi-
croorganisms with different nutrient sources at different 
temperatures and we saw a difference, we wouldn’t know 
if the difference was due to the organism, the nutrients 
available, and/or the temperature. This is why we test one 
variable at a time.

Controls are an essential and integral part of all  
experiments, but there are many types. Two commonly 
used controls are positive and negative controls. A positive 
control is one that is set up to produce a positive result. 
Alternatively, a negative control is set up to demonstrate 
a negative result or no change. As you work your way 
through the exercises in this book, pay attention to the 
various ways positive, negative, and other controls are used 
to improve the validity (effectiveness) of the experiment 
and the reliability (accuracy) of the results. In fact, there 
are many questions on the data sheets that ask some 
form of the question: “What is the role of the control in 
this experiment?” We are pretty sure that your professor 
won’t just be satisfied with the answer, “It’s a control.”

Microbiological experimentation often involves tests 
that determine the ability of an organism to use or produce 
some chemical, or to determine the presence or absence of 
a specific organism in a sample. Ideally, a positive result 
in the test indicates that the microbe has the ability or is 
present in the sample, and a negative result indicates a 
lack of that ability or absence in the sample (Fig. I.8). The 
tests we run, however, have limitations and occasionally 
may give false positive or false negative results. An inability 
to detect small amounts of the chemical or organism in 
question would yield a false negative result and would 
be the result of inadequate sensitivity of the test (Fig. I.8). 
An inability to discriminate between the chemical or 

I.8 Limitations of Experimental Tests  Ideally, tests should 
give a positive result for specimens that are positive, and a negative 
result for specimens that are negative. False positive and false  
negative results do occur, however, and these are attributed to  
inadequate specificity and inadequate sensitivity, respectively, of 
the test system.
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organism in question and similar chemicals or organisms 
would yield a false positive result and would be the result 
of inadequate specificity of the test (Fig. I.8). Sensitivity and 
specificity can be quantified using the following equations:

 True Positives
Sensitivity 4
 True Positives ` False Negatives

 True Negatives
Specificity 4
 True Negatives ` False Positives

The closer sensitivity and specificity are to a value of 
one, the more useful the test is. As you perform the tests 
in this book, be mindful of each test’s limitations, and be 
open to the possibility of false positive and false negative 
results.
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Data Presentation: Tables and Graphs
In microbiology, we perform experiments and collect data, 
but it is often difficult to know what the data mean with-
out some method of organization. Tables and graphs allow 
us to summarize data in a way that makes interpretation 
easier.

Tables
A table is often used as a preliminary means of organizing 
data. As an example, Table I-2 shows the winning times 
for each male and female age division in a half-marathon 
race. Again, the aim of a table is to provide information to 
the reader. Notice the meaningful title, the column labels, 
and the appropriate measurement units. Without these, 
the reader cannot completely understand the table and 
your work will go unappreciated! Data tables are provided 
for you on the data sheets for each exercise in this book, 
but you may be required to fill-in certain components 
(units, labels, etc.) in addition to the data.

Graphs
Table I-2 does give the information, but what it is telling us 
may not be entirely clear. It appears that the times increase 
as runners get older, but we have difficulty determining if 
this is truly a pattern. That is why data also are presented 
in graphic form at times; a graph usually shows the rela-
tionship between variables better than a table of numbers.

X–Y Scatter Plot The type of graph you will be using in 
this manual is an “X–Y Scatter Plot,” in which two vari-
ables are graphed against each other. Figure I.9 shows 
the same data as Table I-2, but in an X–Y Scatter Plot 
form.

Notice the following important features of the graph 
in Figure I.9:

77 Title: The graph has a meaningful title—which should 
tell the reader what the graph is about. A title of 
“Age vs. Winning Time” is vague and inadequate.

77 Dependent and independent variables: The graph is 
read from left to right. In our example, we might say 
for the male runners, “As runners get older, winning 
times get longer.” Winning time depends on age, so 
winning time is the dependent variable and age is the 
independent variable. By convention, the independent 
variable is plotted on the x-axis and the dependent 
variable is plotted on the y-axis. (Age does not depend 
on the winning time.) By way of comparison, notice 
the consequence of plotting age on the y-axis and 
winning time on the x-axis: “As runners get slower, 
they get older”—which doesn’t reflect the actual  
relationship between the variables and worse yet, is 
nonsense.

77 Axis labels: Each axis is labeled, including the  
appropriate units of measure. “Age” without units  
is meaningless. Does the scale represent months? 
years? centuries?

77 Axis scale: The scale on each axis is uniform. The  
distance between marks on the axis is always the 
same and represents the same amount of that variable. 
(But increments on the x-axis don’t have to equal those 
on the y-axis, as shown.) The size of each increment 

table I-2 Winning Half-Marathon Times by Sex and Age Division

Male Runners Female Runners

Winner’s  
Age 

(years)

Winning 
Time 

(minutes)

Winner’s  
Age 

(years)

Winning 
Time 

(minutes)

15  73 15 88

25  67 24 82

31  67 30 82

35  71 39 84

40  71 42 85

52  78 50 109

62  95 62 108

70 123 70 126
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is up to the person making the graph and is dictated 
by the magnitude and range of the data. Most of the 
time, we choose a length for the axis that fills the 
available graphing space.

77 Axis range: The scale for an axis does not have to  
begin with “0.” Use a scale that best presents the data. 
In this case, the smallest y-value was 67 minutes, so 
the scale begins at 60 minutes.

77 Multiple data sets and the legend: The two data series 
(male and female times) are plotted on the same set 
of axes, but with different symbols that are defined in 
the legend at the right. The symbols shown differ in 
color and shape, but one of these is adequate.

77 Best-fit line: If a line is to be drawn at all, it should 
be an average line for the data points, not one that 
“connects the dots” (Fig. I.9B). Notice that the points 
are not necessarily on the line. The purpose of a best-
fit line is to illustrate the general trend of the data, not 
the specifics of the individual data points. (Be assured 
that most graphs in your textbooks where a smooth 
line is shown were experimentally determined and the 
lines are derived from points scattered around the line.) 
There is a mathematical formula that allows one to 
compute the slope and y-intercept of the trend line  
if the relationship is linear or a best-fit line if the  
relationship is nonlinear (as in the half-marathon 
times example), but this is beyond our needs. For our 
purposes, a hand-drawn trend line that looks good  
is good enough. (If you use a computer graphing  
program, then it will produce the trend line without 
you doing any of the math—the best of all 
situations!)

Bar Graphs Bar graphs are used to illustrate one variable. 
Often, the variable is considered to be categorical. That 
is, the data are in distinct groups (rather than continuous, 
where the breaks are arbitrary). Using a bar graph to show 
the relationship between winning times and ages is inap-
propriate. Examine Figure I.10A. Notice that the space 
each bar fills is meaningless; that is, the only important 
part of the bar is the top—which is the value used in the 
X–Y scatter plot. Also notice that the x-axis scale is not 
uniform—the gaps between bars range from 4 years (31 to 
35) to 12 years (40 to 52). An appropriate use of a bar 
graph would be the distribution of student performance 
on an exam, even though exam scores are not categorical 
(Fig. I.10B). Notice that the space each bar fills has mean-
ing. Each student in a particular group adds height to 
the bar.

Data Presentation:  
Be Creative, But Complete
There is no single correct way to produce a graph for a 
particular data set. Actually, most people working inde-
pendently would graph the same data set in different 
ways (e.g., different scales, colors, wording of the title, 
and axis labels), but the essential components listed 
would have to be there. You will be asked to graph  
some of the data you collect. Be sure your graphs tell  
a complete and clear story of what you have done.

I.9 Sample X–Y Scatter Plot  A graph often shows the relationship between variables better than a table of numbers. Examine this 
sample and identify the essential components of a quality graph (see text). (A) Presentation of data without a best-fit line is acceptable if 
there are not enough data points to justify illustrating a trend. (B) Shown here are the same data but with a trend line. Notice that the points 
do not fall directly on the line but, rather, that the line gives the general trend of the data. “Connecting the dots” is not appropriate.
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Standard Curve Besides making interpretation easier, 
graphs sometimes are used to establish an experimental 
value. Each point on the trend line represents a correla-
tion between the x and y values (Fig. I.11). If we know 
one value, we can read the other off the graph. We use 
this process with something called a “standard curve” or 
“calibration curve.” To produce a standard curve, sam-
ples with a known amount of the independent variable 
(e.g., soluble carbohydrate concentration) are subjected 
to the experiment. The resulting data (the y values—e.g., 
absorbances) are plotted and a trend line is drawn.

Now a sample with an unknown amount of the  
independent variable can be subjected to the same ex-
perimental procedure to determine its y value. Once the 
y value is known, the corresponding x value is read directly 
off the graph to determine the unknown amount. (If the 
relationship is linear, the trend line is described by the 
equation y 4 mx ` b, where m is the line’s slope and b 
is the point at which the line intersects the y-axis. Once 
the y value is determined experimentally, the x value can 
be calculated by substitution.)

I.10 Bar Graphs  A bar graph is appropriate to present data 
involving a single variable, especially if that variable is easily divided 
into distinct categories or groups. (A) Plotting the winning half-mar-
athon times from Table I.2 using a bar graph is inappropriate be-
cause the only meaningful point is at the top. (B) A bar graph is 
useful in presenting data of a single variable, such as the number of 
students earning a specific score on their microbiology exam.

I.11 A Standard Curve  Standard curves are used to deter-
mine the value of some unknown in a sample. In this example, the 
absorbances of six solutions with known soluble carbohydrate con-
centrations were determined experimentally, plotted (blue triangles), 
and used to make a trend line (blue line). Absorbance of a sample 
with an unknown soluble carbohydrate concentration then was  
determined to be 0.35 by the same experimental method. The point 
where the y value (ABS 4 0.35) intersects the trend line gives the 
x value that corresponds to it (red dashed lines): 70 µg of soluble 
carbohydrate. The equation for the trend line (y 4 0.005x ` 0) is 
also given and can be used to determine the x value by substituting 
0.35 for y.
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B
Miscellaneous Transfer Methods

Following are instructions for transfer methods that are 
performed less routinely than those in Exercise 1-3. 

77 Transfers Using  
a Sterile Cotton Swab

A sterile swab generally is used to obtain a sample from 
a primary source—either a patient or an environmental 
site. Occasionally, swabs are used to transfer pure cul-
tures. Sterile swabs may be dry, or they may be in ster-
ile water, depending on the source of the sample. In 
either case, care must be taken not to contaminate the 
swab by unintentionally touching other surfaces with it. 
Your instructor may provide specific instructions on 
collection of samples from sources other than the ones 
below.

Obtaining a Sample from a  
Patient’s Throat with a Swab

1 Use BSL-2 precautions throughout. Wear a lab 
coat, gloves, and eye protection.

2 Use a sterile tongue depressor and swab  prepared 
in sterile water to obtain a sample from the throat. 
Have the patient open his/her mouth, and then 
gently press down on the tongue (Fig. B.1).

3 With the swab in your dominant hand,  carefully 
sample the patient’s throat with a swirling motion. 
Touching other parts of the oral cavity is likely to 
cause contamination. Also, avoid touching the soft 
palate or it may initiate a gag reflex!

4 Transfer the sample to an appropriate plated me-
dium as quickly as possible. Use the swab to begin 
a quadrant streak (Exercise 1-4, Fig. 1.38). 
Properly dispose of the swab according to your 
lab’s protocol, and then complete the streaking 
with your loop.

5 Label the plate with the sample source, date, and 
medium.

6 If plating is to be done at a later time, place the 
swab in an appropriate sterile container (such as a 
sterile, capped test tube).

7 Incubate the plate in an inverted position at the 
appropriate temperature for the designated time.

Obtaining an Environmental Sample  
with a Cotton Swab

1 Use BSL-2 precautions throughout. Wear a lab 
coat, gloves, and eye protection.

2 Use a sterile swab prepared in sterile water to ob-
tain a sample from an environmental source.

3 Rotate the swab to collect from the area to be 
sampled (Fig. B.2).

4 Transfer the sample to an appropriate plated 
 medium as quickly as possible. Depending on the 

APPENDIX

835

B.1 Taking a Throat Sample77Use a sterile tongue 
 depressor and swab to obtain a sample from a patient’s throat.  
Be careful not to touch other parts of the oral cavity or the  
sample will get contaminated. Transfer the sample to a sterile 
 medium as soon as possible.
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anticipated cell density, use the swab to perform a 
zig-zag streak pattern (Exercise 1-4, Fig. 1.37) or  
to begin a quadrant streak with a disposable loop 
(Exercise 1-4, Fig. 1.38). Properly dispose of the swab 
and loop (if used) according to your lab’s protocol.

5 Label the plate with the sample source, date, and 
medium.

6 If plating is to be done at a later time, place the 
swab in an appropriate sterile container (such as  
a sterile, capped test tube).

7 Incubate the plate in an inverted position at the 
 appropriate temperature for the designated time.

77 Stab Inoculation of Agar Tubes 
Using an Inoculating Needle

Stab inoculations of agar tubes are used for several types 
of differential media (usually to examine growth under 
anaerobic conditions or to observe motility). A stab is 
not used to produce a culture of microbes for transfer  
to another medium.

 1 Label the tube with your name, date, and organism 
or sample source.

 2 Obtain the specimen with a sterile inoculating 
needle.

 3 Remove the cap of the sterile medium with the little 
finger of your inoculating needle hand, and hold it 
there.

 4 Flame the tube by quickly passing it through the 
Bunsen burner flame a couple of times. Keep your 
needle hand still.

 5 Hold the open tube on an angle to minimize air-
borne contamination. Keep your needle hand still.

 6 Carefully move the agar tube over the needle wire 
(Fig. B.3). Insert the needle into the agar to about  
1 cm from the bottom.

 7 Withdraw the tube carefully so the needle leaves 
along the same path it entered. (When removing the 
tube, be especially careful not to catch the needle tip 
on the tube lip. This springing action of the  needle 
creates bacterial aerosols.)

 8 Flame the tube lip as before. Keep your needle hand 
still.

 9 Keeping the needle hand still (remember, it has 
growth on it), move the tube to replace its cap.

10 Incinerate the needle from base to tip to minimize 
aerosol production. If transferring a BSL-2 organism, 
use a bacterial incinerator.

11 Incubate at the appropriate temperature for the 
 assigned time.

B.2 Taking an Environmental Sample77Use a spinning 
 motion of a sterile swab to sample inanimate objects in the environ-
ment. The swab may be placed in a sterile test tube until it is con-
venient to transfer the sample to a growth medium.

B.3 Agar Deep Stab77Use the inoculating needle to stab the 
agar to a depth about 1 cm from the bottom (tip of red arrow). It is 
generally desirable to remove the needle along the original stab line 
and not create a new one. Upon completion, sterilize the needle.

APPENDIX B Miscellaneous Transfer Methods
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77 Spot Inoculation  
of an Agar Plate

Sometimes an agar plate may be used to grow several 
different specimens at once. This is a typical practice 
with plated differential media (i.e., media designed to 
differentiate organisms based on growth characteristics). 
Prior to beginning the transfer, divide the plate into as 
many as four sectors, using a marking pen. (Some plates 
already have marks on the base for this purpose.) Then 
each may be inoculated with a different organism. 
Inoculation involves touching the loop to the agar surface 
once so growth is restricted to a single spot—hence the 
name “spot inoculation.”

1 Label the base of the plate with your name, date, 
medium, and organism(s) inoculated.

2 With a marking pen, divide the base of the plate 
into the desired number of sectors. Figure B.4 
shows a plate divided into four sectors.

3 Aseptically get growth from the source culture on 
the inoculating loop.

4 Lift the lid of the sterile agar plate and use it as a 
shield to prevent airborne contamination.

5 Touch the agar surface toward the periphery of the 
sector (Fig. B.4).

6 Remove the loop and replace the lid.

7 Sterilize your loop as before. It is especially impor-
tant to flame it from base to tip now because the 
loop has lots of bacteria on it.

8 Incubate the plate in an inverted position for the as-
signed time at the appropriate temperature.

B.4 Spot Inoculation of a Plate7 Each of four sectors is spot 
inoculated with a different organism by touching the loop to the 
surface and making a mark about 1 cm in length. Generally, spot 
 inoculations are done toward the edge (rather than the crowded 
middle) to prevent overlapping growth and/or test results.

APPENDIX B Miscellaneous Transfer Methods
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C
Transfer from a Broth Culture  
Using a Glass Pipette

Glass pipettes are used to transfer a known volume of 
 liquid diluent, media, or culture. Originally pipettes 
were filled by sucking on them like a drinking straw, but 
mouth pipetting is dangerous and has been replaced by 
mechanical pipettors. Three examples are shown in Fig-
ure C.1, each with its own method of operation. Your 
instructor will show you how to properly use the type of 
pipettor available in your lab.

To use a pipette correctly, you must be able to 
 correctly read the calibration. Examine Figure C.2. The 
numbers at the top indicate the pipette’s total volume 
and its smallest calibrated increments. This is a 10.0 mL 
pipette divided into 0.1 mL increments.

When reading volumes, use the base of the meniscus 
(Fig. C.3). The  volume in the center pipette is read as 
 exactly 3.0 mL because the meniscus is resting on the 
line. The left pipette is read as 2.9 mL and the right 
 pipette is read as 3.1 mL (0 is always at the top of the 
pipette). Although the difference in volume between 
these three pipettes may seem negligible (1 part in 701  
is about a 1.5% error), it may be enough to introduce 
significant error into your work.

Two pipette styles are used in microbiology (Fig. 
C.4): the serological  pipette and the Mohr pipette.  
A  serological pipette is calibrated to deliver (TD) its 
 volume by completely draining it and blowing out the 
last drop. The tip of a Mohr pipette is not graduated,  
so fluid flow must be stopped at a calibration line. 
 Stopping the fluid beyond the last line on a Mohr  
pipette results in an unknown volume being dispensed. 
In either case, volumes are read at the bottom of the 
fluid meniscus.

Important: If pipetting a bacterial culture, work over a 
disinfectant-soaked towel in case any culture drips from 
the pipette before disposing of it in the autoclave con-
tainer. This is especially important if transferring a BSL-2 
organism. Clean up any spills with additional disinfectant. 
Also, it is recommended that you use a Mohr pipette to 
transfer BSL-2 organisms. These are not “blown-out,” 
so aerosol production is reduced.

APPENDIX

839

C.1 Mechanical Pipettors7 Three 
examples of mechanical pipettors are 
shown here, each with its own method 
of operation. Your instructor will show 
you how to properly use the style of 
 pipettor available in your lab. From left to 
right: A pipette filler/dispenser, a pipette 
bulb, and a plastic pump.

C.2 Pipette Cali-
bration7 Prior to 
using a pipette, read 
its calibration. The 
numbers  indicate the 
pipette’s total volume 
and its smallest cali-
brated increments. 
This is a 10.0 mL pi-
pette divided into 0.1 
mL increments.

1 This number presumes the pipette shown has a total volume of 10 mL. If 
the meniscus is on the 3, the pipette will dispense 7 mL. If emptied com-
pletely, an error of 0.1 mL above or below the 3 would represent 0.1 mL 
in 7 mL, or 1 part in 70, a 1.4% error that is avoidable.
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Following are the instructions for using a glass pipette. 
Be sure to appropriately label the destination tube, bottle, 
or plate before you start. Use BSL-2 precautions if 
appropriate. 

77 Filling a Glass Pipette
 1 Bacteria should be suspended in the broth with a 

vortex mixer (Fig. 1.17) or by agitating with your 
fingers (Fig. 1.18). Be careful not to splash the 
broth into the cap or lose control of the tube.

 2 Pipettes are sterilized in metal canisters, individually 
in sleeves, or as multiples in packages (if disposable). 
They typically are stored in groups of a single size 
(Fig. C.5). Be sure you know what volume your 

 pipette will deliver. Set the canister at the table edge 
and remove its lid. (Canisters should not be stored 
in an upright position, because they may fall over 
and break the pipettes or become contaminated.) If 
using pipettes in a package, open the end opposite 
the tips. Grasp one pipette only and remove it.

 3 Carefully insert the pipette into the mechanical 
 pipettor (Fig. C.6). It is best to grasp the pipette 
near the end with your fingertips. This gives you 
more control and reduces the chance that you will 
break the pipette and cut your hand. Do not touch 
any part of the pipette that will contact the specimen 
or the medium or you will risk introducing a con-
taminant. Also, do not lay the pipette on the table-
top while you continue.

APPENDIX C Transfer from a Broth Culture Using a Glass Pipette
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C.3 Read the Base of the Meniscus7 When reading vol-
umes, use the base of the meniscus. The volume in the center pi-
pette is read at exactly 3.0 mL because the meniscus is resting on 
the line. The left pipette is read as 2.9 mL and the right pipette is 
read as 3.1 mL (0 is always at the top of the pipette).

C.4 Two Types of Pipettes7 
Two pipette styles—the serological 
pipette (left) and the Mohr pipette 
(right)—are used in microbiology.  
A serological pipette is calibrated 
to deliver (TD) its volume by com-
pletely draining it and blowing out 
the last drop. The tip of a Mohr 
 pipette is not graduated, so fluid 
flow must be stopped at a calibra-
tion line. Stopping the fluid beyond 
the last line on a Mohr pipette re-
sults in an unknown volume being 
dispensed.

C.5 Getting the Sterile Pipette7 Pipettes of the same size 
are autoclaved in canisters, which then are opened and placed flat 
on the table. Pipettes are removed as needed.

C.6 Assembling the Pipette7 Carefully insert the pipette into 
a mechanical pipettor. Notice that the pipette is held near the end 
with the fingertips. For safety, the hand is out of the way in case 
the pipette breaks.
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 4 While keeping your pipette hand still, bring the 
 culture tube toward it. Use your little finger to 
 remove and hold its cap.

 5 Flame the open end of the tube by passing it 
through a Bunsen burner flame two or three times.

 6 Hold the tube at an angle to prevent contamination 
from above.

 7 Insert the pipette and withdraw the appropriate 
volume (Fig. C.7). Bring the pipette to a vertical 
 position briefly to read the meniscus accurately. 
(Remember: The volumes in the pipette are correct 
only if the meniscus of the fluid inside is resting on 
the line, not below it.) Then carefully remove the 
pipette from the tube.

 8 Flame the tube lip as before. Keep your pipette 
hand still.

 9 Keeping the pipette hand still (remember, it may 
contain fluid with microbes in it), move the tube  
to replace its cap.

10 What you do next depends on the medium to 
which you are transferring the liquid. Please con-
tinue with the appropriate inoculation section.

77 Inoculation of Broth Tubes  
with a Pipette

Pipettes are often used to inoculate a known volume of 
culture into a tube or bottle containing a known volume 
of diluent during serial dilutions.

1 While keeping the pipette hand still, bring the  
dilution tube/bottle toward it. Use your little finger 
to remove and hold its cap.

2 Flame the lip of the tube/bottle by quickly passing 
it through the Bunsen burner flame two or three 
times. Keep your pipette hand still.

3 Hold the open tube/bottle on an angle to minimize 
airborne contamination. Keep your pipette hand still.

4 Insert the pipette tip and gently dispense the correct 
volume of inoculum. Aerosols can be produced if 
you dispense too quickly.

5 Withdraw the tube/bottle from over the pipette.  
Before completely removing it, touch the pipette  
tip to the glass to remove any excess broth.

6 Completely remove the pipette, but avoid waving  
it around. This can create aerosols.

7 Flame the tube/bottle lip as before. Keep your  
pipette hand still.

8 Keeping the pipette hand still, move the tube/bottle 
to  replace its cap.

9 The pipette is contaminated with microbes and 
must be disposed of correctly. Each lab has its own 
specific procedures, and your instructor will advise 
you what to do. Glass pipettes typically are placed 
in a pipette disposal container containing a small 
amount of disinfectant until they are autoclaved 
and reused (Fig. C.8). Disposable pipettes must be 
placed in an appropriate biohazard container. In 

C.7 Filling the Pipette7 Carefully draw the fluid into the  
pipette. Briefly bring it to a vertical position and read the volume. 
Notice how the tube’s cap is being held by the pinky finger of the 
pipettor hand.

APPENDIX C Transfer from a Broth Culture Using a Glass Pipette

C

MICROBIOLOGY: Laboratory Theory & Application 841

C.8 Dispose of the Pipette7
 The pipette may be contami-
nated with microbes and must 
be disposed of correctly. Each 
lab has its own specific proce-
dures, and your instructor will 
advise you what to do. Shown 
here is a canister used for glass 
pipettes. Disposable pipettes 
must be placed in an appropriate 
biohazard container. In either 
case, be careful when removing 
the pipette from the mechanical 
pipettor. There is danger of 
 culture dripping from the 
 pipette or of breaking the glass 
or plastic.
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 either case, be careful when removing the pipette 
from the mechanical pipettor. There is danger of 
culture dripping from the pipette or of breaking the 
glass or plastic.

77 Inoculation of Agar Plates  
with a Pipette

Pipettes also can be used to dispense a known volume  
of inoculum to an agar plate.

1 Lift the lid of the plate and use it as a shield to 
 protect it from airborne contamination. It also will 
help in containing any aerosols you inadvertently 
produce.

2 Hold the pipette over the agar and dispense the 
 correct volume (often 0.1 mL) onto the center of 
the agar surface (Fig. C.9). From this point, the 
 remainder of steps should be completed within 
about 15 seconds to prevent the inoculum from 
soaking into the agar.

3 The pipette is contaminated with microbes and 
must be disposed of correctly. Each lab has its own 
specific procedures, and your instructor will advise 
you what to do. Glass pipettes typically are placed 
in a pipette disposal container containing a small 
amount of disinfectant until they are autoclaved 
and reused (Fig. C.8). Disposable pipettes must be 
placed in an appropriate biohazard container. In 
 either case, be careful when removing the pipette 
from the mechanical pipettor. There is danger of 
culture dripping from the pipette or of breaking the 
glass or plastic.

4 Continue with the spread plate technique (Exercise 
1-5).

APPENDIX C Transfer from a Broth Culture Using a Glass Pipette

C

MICROBIOLOGY: Laboratory Theory & Application842

C.9 Dispensing to an Agar Plate7 Open the lid and dispense 
the inoculum onto the surface of the agar near the middle. Notice 
how the plate’s lid is held to prevent aerial contamination and to 
contain aerosols. The plate may be placed on a disinfectant-soaked 
towel in case the pipette drips (not shown).

20 Northern Virginia Community College





N
am

e 
Se

le
ct
iv
e 

co
nt
ai
ns
 a
n 
in
hi
bi
to
r t
o 

slo
w
/in

hi
bi
t t
he

 g
ro
w
th
 o
f 

un
de

sir
ed

 o
rg
an
ism

s 

D
iff
er
en

tia
l 

di
ffe

re
nt
ia
te
s c

lo
se
ly
 re

la
te
d 
m
ic
ro
be

s 
ba
se
d 
on

 th
ei
r c
ol
or
, c
ol
on

y 
m
or
ph

ol
og
y;
 

co
lo
ni
es
 a
re
 v
isu

al
ly
 d
ist
in
gu
ish

ed
 o
n 
th
e 

ba
sis

 o
f s
om

e 
bi
oc
he

m
ic
al
 d
iff
er
en

ce
  

Ex
pl
an

at
io
n 
an

d 
Ex
am

pl
es
 

N
o 
– 
it 
is 
an

 u
nd

ef
in
ed

 
(c
om

pl
ex
) m

ed
iu
m
 in

 
w
hi
ch
 a
t l
ea
st
 o
ne

 
in
gr
ed

ie
nt
 is
 o
f u

nk
no

w
n 

id
en

tit
y 
or
 a
m
ou

nt
 

N
o 


en

ric
he

d 
m
ed

iu
m
, c
on

ta
in
s n

um
er
ou

s n
ut
rie

nt
s 


w
id
el
y 
us
ed

 g
en

er
al
 p
ur
po

se
 m

ed
iu
m
 fo

r g
ro
w
in
g 
a 
w
id
e 
va
rie

ty
 

of
 n
on

fa
st
id
io
us
 m

ic
ro
or
ga
ni
sm

s 


ty
pi
ca
lly
 c
on

ta
in
s:
 0
.5
%
 P
ep

to
ne

, 0
.3
%
 b
ee
f e

xt
ra
ct
/y
ea
st
 e
xt
ra
ct
, 

1.
5%

 a
ga
r, 
0.
5%

 N
aC
l, 
di
st
ill
ed

 H
2O
, p
H 
ad
ju
st
ed

 to
 7
.0
 a
t 2

5 
°C
 


ag
ar
 is
 a
 p
hy
co
co
llo
id
 e
xt
ra
ct
ed

 fr
om

 a
 g
ro
up

 o
f r
ed

‐p
ur
pl
e 

m
ar
in
e 
al
ga
 


ag
ar
 is
 a
 g
el
 a
t R

T,
 re

m
ai
ns
 fi
rm

 a
t 6

5°
C,
 m

el
ts
 a
t a

ro
un

d 
85
°C
, 

an
d 
so
lid
ifi
es
 a
t 3

2‐
40
°C
 

N
o 
– 
it 
is 
an

 u
nd

ef
in
ed

 
(c
om

pl
ex
) m

ed
iu
m
; a
 

ge
ne

ra
l p
ur
po

se
 

en
ric
he

d 
m
ed

iu
m
 o
ft
en

 
us
ed

 to
 g
ro
w
 fa
st
id
io
us
 

m
ic
ro
be

s  

Ye
s –

 u
se
d 
to
 d
iff
er
en

tia
te
 b
ac
te
ria

 
ba
se
d 
on

 th
ei
r h

em
ol
yt
ic
 p
ro
pe

rt
ie
s:
 

 

 
 

 
 

 
 

to
 re

ad
 th

e 
he

m
ol
yt
ic
 p
at
te
rn
, t
he

 p
la
te
 m

us
t b

e 
he

ld
 u
p 
to
 a
 li
gh
t 

so
ur
ce
 a
nd

 o
bs
er
ve
d 
w
ith

 tr
an
sm

itt
ed

 li
gh
t 


al
ph

a 
(α
) h

em
ol
yt
ic
 b
ac
te
ria

; p
ar
tia

l o
r i
nc
om

pl
et
e 
he

m
ol
ys
is;
 a
ga
r 

gr
ee
ni
sh
 (o

r b
ro
w
ni
sh
) a
ro
un

d 
ba
ct
er
ia
l c
ol
on

ie
s;
 re

du
ct
io
n 
of
 

he
m
og
lo
bi
n 
to
 m

et
he

m
og
lo
bi
n;
 o
n 
pr
ol
on

ge
d 
in
cu
ba
tio

n,
 m

an
y 

al
ph

a 
he

m
ol
yt
ic
 b
ac
te
ria

 w
ill
 b
eg
in
 to

 a
pp

ea
r c
le
ar
 

Ex
am

pl
es
: S
tr
ep

to
co
cc
us
 p
ne

um
on

ia
e 
an
d 
or
al
 st
re
pt
oc
oc
ci
   
   
   
 

(S
. v
iri
da

ns
) 

 

be

ta
 (β

) h
em

ol
yt
ic
 b
ac
te
ria

; c
om

pl
et
e 
or
 tr
ue

 h
em

ol
ys
is;
 a
ga
r c
le
ar
 

(o
r y

el
lo
w
ish

) a
ro
un

d 
ba
ct
er
ia
l c
ol
on

ie
s;
 to

xi
ns
 d
es
tr
oy

 R
BC

s 
Ex
am

pl
es
: S
tr
ep

to
co
cc
us
 p
yo
ge

ne
s;
 S
ta
ph

yl
oc
oc
cu
s a

ur
eu

s;
 

Ps
eu

do
m
on

as
 a
er
ug

in
os
a;
 L
ist
er
ia
 m

on
oc
yt
og

en
es
 

 

ga
m
m
a 
(γ
) h

em
ol
yt
ic
 b
ac
te
ria

; n
on

 h
em

ol
ys
is;
 la
ck
 o
f c
le
ar
in
g;
   

ag
ar
 c
ol
or
 u
nc
ha
ng
ed

 a
ro
un

d 
ba
ct
er
ia
l c
ol
on

ie
s 

Ex
am

pl
es
: S
ta
ph

yl
oc
oc
cu
s e

pi
de

rm
id
is;
 E
nt
er
oc
oc
cu
s f
ae

ca
lis
 

(G
ro
up

 D
 st
re
p)
 

Ye
s –

 G
ra
m
 (‐
) b

ac
te
ria

 
gr
ow

 w
hi
le
 G
ra
m
 (+

) 
ba
ct
er
ia
 in
hi
bi
te
d 
by

 th
e 

eo
sin

 a
nd

 m
et
hy
le
ne

 
bl
ue

 d
ye
s 

Ye
s –

 G
ra
m
 (‐
) b

ac
te
ria

 fo
rm

 c
ol
on

ie
s 

of
 d
iff
er
en

t c
ol
or
s;
 th

is 
di
ffe

re
nt
ia
te
s 

la
ct
os
e 
fe
rm

en
te
rs
 (b

lu
e‐
bl
ac
k)
 fr
om

 
no

n‐
fe
rm

en
te
rs
 (c
ol
or
le
ss
 o
r l
ig
ht
 

pu
rp
le
) 


us
ed

 fo
r i
so
la
tio

n 
of
 fe

ca
l c
ol
ifo

rm
s 


un

de
r a

ci
di
c 
co
nd

iti
on

s,
 a
 d
ar
k 
pu

rp
le
 c
om

pl
ex
 u
su
al
ly
 

ac
co
m
pa
ni
ed

 b
y 
a 
gr
ee
n 
m
et
al
lic
 sh

ee
n 
pr
od

uc
ed

 w
hi
ch
 se

rv
es
 a
s 

an
 in
di
ca
to
r o

f t
he

 v
ig
or
ou

s l
ac
to
se
 a
nd

/o
r s
uc
ro
se
 fe

rm
en

ta
tio

n 
ty
pi
ca
l o
f f
ec
al
 c
ol
ifo

rm
s 


sm

al
le
r a

m
ou

nt
s o

f a
ci
d 
pr
od

uc
tio

n 
(t
yp
ic
al
 o
f s
lo
w
 la
ct
os
e 

fe
rm

en
te
rs
) r
es
ul
t i
n 
a 
pi
nk

 c
ol
or
at
io
n 
of
 th

e 
gr
ow

th
  


no

n‐
fe
rm

en
te
rs
 re

m
ai
n 
th
ei
r n

or
m
al
 c
ol
or
 o
r t
ak
e 
on

 th
e 

co
lo
ra
tio

n 
of
 th

e 
m
ed

iu
m
 


E.
 c
ol
i ‐
 d
ar
k 
m
et
al
lic
 b
lu
e‐
bl
ac
k 
co
lo
ni
es
; s
tr
on

g 
la
ct
os
e 
fe
rm

en
te
r 


En

te
ro
ba

ct
er
 a
er
og

en
es
 ‐ 
pi
nk

 c
ol
on

ie
s;
 sm

al
le
r a

m
ou

nt
 o
f a
ci
d 


Kl
eb

sie
lla
 p
ne

um
on

ia
 ‐ 
br
ow

n 
co
lo
ni
es
; n

o 
fe
rm

en
ta
tio

n 

22 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 161 23



Ye
s –

 d
ue

 to
 th

e 
pr
es
en

ce
 o
f s
al
t (
N
aC
l);
 

se
le
ct
iv
e 
fo
r 

st
ap
hy
lo
co
cc
i s
in
ce
 m

os
t 

ot
he

r b
ac
te
ria

 
ca
nn

ot
 su

rv
iv
e 
 

Ye
s –

 d
ue

 to
 th

e 
pr
es
en

ce
 o
f 

m
an
ni
to
l; 
th
e 
pH

 in
di
ca
to
r p

he
no

l 
re
d 
is 
ye
llo
w
 b
el
ow

 p
H 
6.
8,
 re

d 
at
 p
H 

7.
4 
to
 8
.4
 a
nd

 p
in
k 
ab
ov
e 
8.
4;
 if
 

ba
ct
er
ia
 fe

rm
en

t m
an
ni
to
l a
nd

 
co
nv
er
ts
 it
 to

 la
ct
ic
 a
ci
d,
 th

e 
 p
H 
of
 

th
e 
ag
ar
 c
ha
ng
es
 a
nd

 p
in
k 
pH

 
se
ns
iti
ve
 d
ye
 in

 th
e 
ag
ar
 tu

rn
s y

el
lo
w
 

 


us
ed

 fo
r i
so
la
tio

n 
an
d 
di
ffe

re
nt
ia
tio

n 
of
 p
at
ho

ge
ni
c 
st
ap
hy
lo
co
cc
i, 

m
ai
nl
y 
St
ap

hy
lo
co
cc
us
 a
ur
eu

s 

co
nt
ai
ns
 th

e 
ca
rb
oh

yd
ra
te
 m

an
ni
to
l, 
7.
5%

 N
aC
l a
nd

 th
e 
pH

 
in
di
ca
to
r p

he
no

l r
ed

 

pa
th
og
en

ic
 sp

ec
ie
s o

f S
ta
ph

yl
oc
oc
cu
s 
fe
rm

en
t m

an
ni
to
l a
nd

 
pr
od

uc
e 
ac
id
, w

hi
ch
 tu

rn
s t
he

 p
H 
in
di
ca
to
r y

el
lo
w
 


no

np
at
ho

ge
ni
c 
st
ap
hy
lo
co
cc
al
 sp

ec
ie
s g

ro
w
 b
ut
 d
o 
no

t f
er
m
en

t 
m
an
ni
to
l, 
th
e 
pi
nk

 p
H 
se
ns
iti
ve
 d
ye
 is
 u
nc
ha
ng
ed

 (S
ta
ph

yl
oc
oc
cu
s 

ep
id
er
m
id
is)
 


th
e 
de

ve
lo
pm

en
t o

f y
el
lo
w
 h
al
os
 a
ro
un

d 
th
e 
ba
ct
er
ia
l g
ro
w
th
 is
 

pr
es
um

pt
iv
e 
ev
id
en

ce
 th

at
 th

e 
or
ga
ni
sm

 is
 a
 p
at
ho

ge
ni
c 

St
ap
hy
lo
co
cc
us
 (g
en

er
al
ly
 S
ta
ph

yl
oc
oc
cu
s a

ur
eu

s)
 


so
m
e 
st
ra
in
s o

f S
ta
ph

yl
oc
oc
cu
s e

pi
de

rm
id
is 
ar
e 
in
hi
bi
te
d 
by

 M
SA

 

co
lo
ni
es
 o
f S

ta
ph

yl
oc
oc
cu
s e

pi
de

rm
id
is 
ar
e 
sm

al
l a
nd

 re
d 
w
he

re
as
 

th
os
e 
of
 S
ta
ph

yl
oc
oc
cu
s a

ur
eu

s a
re
 sl
ig
ht
ly
 la
rg
er
 a
nd

 y
el
lo
w
 

N
/A
 

Ye
s –

 a
s i
t h

as
 tw

el
ve
 d
iff
er
en

t m
ed

ia
 

th
at
  a
llo
w
 th

e 
de

te
rm

in
at
io
n 
of
 1
5 

bi
oc
he

m
ic
al
 re

ac
tio

ns
; t
he

 re
su
lti
ng

 
co
m
bi
na
tio

n 
of
 re

ac
tio

ns
, t
og
et
he

r 
w
ith

 th
e 
in
te
rp
re
ta
tio

n 
co
de

bo
ok
, 

al
lo
w
 id
en

tif
ic
at
io
n 
of
 c
lin
ic
al
ly
 

sig
ni
fic
an
t E

nt
er
ob

ac
te
ria

ce
ae

   


ra
pi
d,
 m

ul
ti 
te
st
 s
ys
te
m
 u
se
d 
to
 id
en

tif
y 
En

te
ro
ba

ct
er
ia
ce
ae

 a
nd

 a
 

va
rie

ty
 o
f o

th
er
 o
xi
da
se
 n
eg
at
iv
e 
G
ra
m
 (‐
) r
od

s  
th
at
 c
au
se
 

ga
st
ro
in
te
st
in
al
 a
nd

 u
rin

ar
y 
in
fe
ct
io
ns
 


ut
ili
ze
s c

ar
bo

hy
dr
at
es
, p
rin

ci
pa
lly
 v
ia
 fe

rm
en

ta
tio

n 
an
d 
ox
id
at
io
n 


ca
ta
la
se
 p
os
iti
ve
 a
nd

 n
ea
rly

 a
ll 
of
 th

em
 a
re
 o
xi
da
se
 n
eg
at
iv
e 

N
o 

N
o 


en

ric
he

d 
m
ed

iu
m
 th

at
 a
llo
w
s t
he

 is
ol
at
io
n 
an
d 
cu
lti
va
tio

n 
of
 

N
ei
ss
er
ia
 o
r H

ae
m
op

hi
lu
s s
pe

ci
es
 (b

ot
h 
ar
e 
fa
st
id
io
us
 b
ac
te
ria

) 

co
nt
ai
ns
 c
as
ei
n,
 p
ep

to
ne

s,
 p
ho

sp
ha
te
 b
uf
fe
r, 
co
rn
 st
ar
ch
, b
ov
in
e 

he
m
og
lo
bi
n 
 


al
so
 c
on

ta
in
s a

n 
en

ric
hm

en
t s
up

pl
em

en
t o

f a
m
in
o 
an
d 
nu

cl
ei
c 

ac
id
s t
o 
en

co
ur
ag
e 
gr
ow

th
 o
f N

ei
ss
er
ia
 sp

ec
ie
s a

nd
 p
ro
vi
de

 th
e 
X 

an
d 
V 
bl
oo

d 
fa
ct
or
s r
eq

ui
re
d 
by

 H
em

op
hi
lu
s s
pe

ci
es
 


pl
at
ed

 m
ed

iu
m
 is
 ty
pi
ca
lly
 st
re
ak
ed

 fo
r i
so
la
tio

n 
an
d 
in
cu
ba
te
d 
at
 

37
°C
 in

 a
n 
ae
ro
bi
c 
en

vi
ro
nm

en
t e

nr
ic
he

d 
w
ith

 C
O
2 

Ye
s –

 d
ue

 to
 th

e 
fa
ct
 th

at
 

bi
le
 sa

lts
 a
nd

 c
ry
st
al
 

vi
ol
et
 in
hi
bi
t g

ro
w
th
 o
f 

G
ra
m
 (+

) b
ac
te
ria

 

Ye
s –

 n
eu

tr
al
 re

d 
dy
e 
is 
a 
pH

 
in
di
ca
to
r t
ha
t i
s c

ol
or
le
ss
 a
bo

ve
 a
 p
H 

of
 6
.8
 a
nd

 re
d 
at
 a
 p
H 
be

lo
w
 6
.8
; a
ci
d 

ac
cu
m
ul
at
in
g 
fr
om

 la
ct
os
e 

fe
rm

en
ta
tio

n 
tu
rn
s t
he

 d
ye
 re

d 


m
ed

iu
m
 c
on

ta
in
s l
ac
to
se
, b
ile
 sa

lts
, n
eu

tr
al
 re

d 
an
d 
cr
ys
ta
l v
io
le
t 


us
ed

 to
 is
ol
at
e 
an
d 
di
ffe

re
nt
ia
te
 m

em
be

rs
 o
f t
he

  
En

te
ro
ba

ct
er
ia
ce
ae

 fa
m
ily
 b
as
ed

 o
n 
th
e 
ab
ili
ty
 to

 fe
rm

en
t l
ac
to
se
 


se
le
ct
s f
or
 n
on

fa
st
id
io
us
 G
ra
m
(‐)
 e
nt
er
ic
s d

ue
 to

 p
re
se
nc
e 
of
 b
ile
 

sa
lts
 a
nd

 c
ry
st
al
 v
io
le
t 


la
ct
os
e 
fe
rm

en
te
rs
 (c
ol
ifo

rm
s)
 tu

rn
 a
 sh

ad
e 
of
 re

d 
w
he

re
as
 la
ct
os
e 

no
n‐
fe
rm

en
te
rs
 (n

on
co
lif
or
m
s)
 re

m
ai
n 
th
ei
r n

or
m
al
 c
ol
or
 o
r t
he

 
co
lo
r o

f t
he

 m
ed

iu
m
 


m
ed

iu
m
 c
an

 b
e 
m
od

ifi
ed

 to
 in
cl
ud

e 
M
ac
Co

nk
ey
 A
ga
r w

/o
 C
V 

(w
ith

ou
t c
ry
st
al
 v
io
le
t)
 to

 a
llo
w
 d
et
ec
tio

n 
of
 G
ra
m
 (+

) c
oc
ci
 o
r 

M
ac
Co

nk
ey
 A
ga
r C

S 
to
 c
on

tr
ol
 sw

ar
m
in
g 
ba
ct
er
ia
 (s
uc
h 
as
 

Pr
ot
eu

s)
 th

at
 in
te
rf
er
e 
w
ith

 o
th
er
 re

su
lts
 

©
20

16
 b

y 
D

r.
 R

aj
 B

aw
a.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 U
po

n 
re

qu
es

t,
 r

ep
ri
nt

 p
er

m
is

si
on

 is
 o

nl
y 

gr
an

te
d 

to
 t

he
 o

ri
gi

na
l a

nd
 u

na
lte

re
d 

w
or

k 
on

ly
. 

  
C
op

yr
ig

ht
 in

fo
rm

at
io

n:
  

ba
w

a@
ba

w
ab

io
te

ch
.c

om
 

  
  

  
  

 

22 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 161 23



Isolation
Techniques and
Selective Media

� Purpose
The identification process of an unknown microbe relies on obtaining a pure culture of that organ-
ism. The streak plate method produces individual colonies on an agar plate. A portion of an isolated
colony then may be transferred to a sterile medium to start a pure culture.

� Principle
A microbial culture consisting of two or more species is said to be a mixed culture, whereas a
pure culture contains only a single species. Obtaining isolation of individual species from a mixed
sample is generally the first step in identifying an organism. A commonly used isolation technique
is the streak plate.

In the streak plate method of isolation, a bacterial sample (always assumed to be a mixed cul-
ture) is streaked over the surface of a plated agar medium (Figure 2-1). During streaking, the cell
density decreases, eventually leading to individual cells being deposited separately on the agar sur-
face. Cells that have been sufficiently isolated will grow into colonies consisting only of the original
cell type. Because some colonies form from individual cells and others from pairs, chains, or clusters
of cells, the term colony-forming unit (CFU) is a more correct description of the colony origin.

A common streaking technique is the quadrant method, which uses the four-streak pattern
shown in Figures 2-2 and 2-3. Streaking for isolation is frequently performed on selective media

Streak Plate Methods of Isolation

2
S E C T I O N

5

2-1 STREAKING A PLATE Hold the plate comfortably
and streak with the edge of the loop. Be careful not to cut
the agar.

III

III

IV

2-2 THE QUADRANT METHOD As shown, the
quadrant method of streaking for isolation involves
four individual streaks. The best results are obtained
when the loop is flamed between streaks.
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designed to encourage growth of certain types of organisms while inhib-
iting growth of others. The selective media considered in this section are
used specifically to isolate pathogenic bacteria and yeast from human or
environmental samples containing a mixture of organisms. Some selec-
tive media contain indicators that expose differences between organisms.
Such media are considered to be selective and differential. See Tables 2-1,
2-2, and 2-3 for summaries of terms related to organisms and media,
and roles of common ingredients found in selective media.

6 � A Photographic Atlas for the Microbiology Laboratory

2-3 STREAK PLATE OF SERRATIA MARCESCENS Note
the decreasing density of growth in the four streak
patterns. On this plate, isolation is first obtained in the
fourth streak. A portion of an individual colony may be
transferred to a sterile medium to start a pure culture.

Term Definition

Defined medium A medium in which the chemical identity and exact amounts of all ingredients are known.

Undefined (complex)
A medium in which at least one ingredient is of unknown identity or amount.

medium

Selective medium A medium that contains an inhibitor to prevent or slow the growth of undesired organisms.

Differential medium A medium that is formulated in such a way that differences in the biochemistry/physiology
between organisms will be detected.

Terms Related to Media
T A B L E

2-1

Term Definition

Enteric Refers to any gut bacterium, but usually to members of the Enterobacteriaceae, which are Gram-negative
rods that ferment glucose and share other features in common.

Coliform A member of the Enterobacteriaceae that produces acid (and gas) from lactose fermentation.
(Note: this shared ability is useful for identification purposes, but is not of taxonomic significance.)

Noncoliform A member of the Enterobacteriaceae that does not ferment lactose.

Terms Related to Organisms
T A B L E

2-2

Ingredient Role

pH indicator Plays a major role in making a medium differential; it detects acid or base production,
depending on the medium.

Bile salts (oxgall) Used to select against organisms incapable of surviving passage through the gut, especially
Gram-positives.

Lactose Used as the fermentable carbohydrate in media that differentiate between coliforms and
noncoliforms.

Thiosulfate
Used as an electron acceptor by organisms capable of reducing sulfur to H2S.

(in some form)

Ferric ion Used as an indicator of sulfur reduction by reacting with H2S to form a black precipitate.

Common Ingredients in Selective Media and Their Roles
T A B L E

2-3
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SECTION 2 � Isolation Techniques and Selective Media � 7

� Purpose
Bacteroides fragilis is the most abundant bacterium found in the human colon,
reaching densities of 1011 cells per gram of feces! It also is the most common
anaerobic human pathogen. BBE Agar is a selective and differential medium
used for the isolation and presumptive identification of B. fragilis and its close
relatives (B. fragilis group).

� Principle
Nutrition is supplied by a base medium of tryptic soy agar, which includes
digests of casein (milk protein) and soybean meal. Other anaerobes in the
sample are inhibited by oxgall (bile). Facultative anaerobes, also abundant in
feces, compete with obligate anaerobes when grown anaerobically. These are
inhibited by the antibiotic gentamicin. The medium also includes esculin, which
B. fragilis is capable of hydrolyzing to produce esculetin. Esculetin in turn
reacts with ferric ion in the medium to produce a brown coloration around
B. fragilis growth (Figures 7-7 and 7-8). Presumptive identification of B. fragilis
is based on its ability to grow on BBE and darken the medium (Figure 2-4).

Bacteroides Bile Esculin (BBE) Agar

2-4 BACTEROIDES BILE ESCULIN AGAR This is
a streak plate of a fecal specimen on BBE. The
larger colonies within the darkened medium are
presumptively identified as B. fragilis group. The
smaller, lighter colonies not producing darkening
of the medium are something other than B. fragilis.

Bismuth Sulfite Glucose Glycine Yeast (BiGGY) Agar

� Purpose
BiGGY Agar is a selective and differential medium used to isolate
species of the yeast Candida. Presumptive identification of Candida
spp. is also possible because of the differential results. Candida
albicans is a common inhabitant of the normal flora of the oral
cavity, gastrointestinal tract, and vagina, but it is also an opportunistic
pathogen, especially in immunocompromised individuals. For more
information, please refer to page 183.

� Principle
Carbon, nitrogen, and other nutrients are supplied by yeast extract
and dextrose, whereas glycine stimulates growth. During autoclaving,
sodium sulfite and bismuth ammonium citrate react to form bismuth
sulfite, which is inhibitory to most bacteria, but not Candida species.
Candida species reduce the bismuth sulfite (at slightly acidic or neutral
pH) and produce a brown pigment within, and sometimes around, the
colonies (Figure 2-5).

2-5 BIGGY AGAR The ability to grow combined
with the brown color (due to bismuth sulfite reduction)
provides provisional identification of Candida albicans.

005-018 Section 2 12/15/10 10:25 AM Page 7
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SECTION 2 � Isolation Techniques and Selective Media � 7
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albicans is a common inhabitant of the normal flora of the oral
cavity, gastrointestinal tract, and vagina, but it is also an opportunistic
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information, please refer to page 183.
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and dextrose, whereas glycine stimulates growth. During autoclaving,
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sulfite, which is inhibitory to most bacteria, but not Candida species.
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provides provisional identification of Candida albicans.
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� Purpose
Chocolate II Agar is used for isolation and cultivation of Neisseria
(Figures 2-6 and 2-7) and Haemophilus (Figure 2-8) species.

� Principle
Chocolate II Agar is made with a blend of casein, peptones, phosphate
buffer, corn starch, and bovine hemoglobin. It also contains an enrichment
supplement of amino and nucleic acids to encourage growth of Neisseria
species and provide the X and V blood factors required by Haemophilus
species (Figure 12-28).

This plated medium is typically streaked for isolation and incubated
at 37°C in an aerobic environment enriched with carbon dioxide. Sub-
cultures of colonies can then be grown on slanted media and used for
diagnostic purposes.

8 � A Photographic Atlas for the Microbiology Laboratory

2-7 NEISSERIA MENINGITIDIS ON CHOCOLATE II AGAR
Compare colony size with Figure 2-6. N. meningitidis
colonies on Chocolate II Agar are typically large, blue-
gray and mucoid.

2-8 HAEMOPHILUS INFLUENZAE ON CHOCOLATE II
AGAR Notice the large, smooth, mucoid colonies.

Chocolate II Agar

2-6 NEISSERIA GONORRHOEAE ON CHOCOLATE
II AGAR Compare colony size with Figure 2-7.
N. gonorrhoeae colonies on Chocolate Agar are
typically colorless.

005-018 Section 2 12/15/10 10:25 AM Page 8

� Purpose
Columbia CNA with 5% Sheep Blood Agar is used to isolate and
differentiate staphylococci, streptococci, and enterococci, primarily
from clinical specimens.

� Principle
Columbia CNA with 5% Sheep Blood Agar is an undefined, differ-
ential, and selective medium that allows growth of Gram-positive
organisms (especially staphylococci, streptococci, and enterococci)
and stops or inhibits growth of most Gram-negative organisms
(Figure 2-9). Casein, digest of animal tissue, beef extract, yeast
extract, corn starch, and sheep blood provide a range of carbon
and energy sources to support a wide variety of organisms. In
addition, sheep blood supplies the X factor (heme) and yeast
extract provides B-vitamins. The antibiotics colistin and nalidixic
acid (CNA) act as selective agents against Gram-negative organisms
by affecting membrane integrity and interfering with DNA replica-
tion, respectively. They are particularly effective against Klebsiella,
Proteus, and Pseudomonas species. Further, sheep blood makes
possible differentiation of Gram-positive organisms based on
hemolytic reaction (Figures 7-10 to 7-12).

SECTION 2 � Isolation Techniques and Selective Media � 9

Columbia CNA With 5% Sheep Blood Agar

2-9 COLUMBIA CNA WITH 5% SHEEP BLOOD AGAR This
plate was inoculated with four organisms—two Gram-positive
cocci, and two Gram-negative rods. Only the Gram-positive
organisms (left and top quadrants) grow well on the Columbia
CNA agar. The two Gram-negatives either didn’t grow (bottom)
or grew poorly (right). Further, the top Gram-positive is �-
hemolytic, whereas the one on the left is nonhemolytic.

Desoxycholate Agar

� Purpose
Desoxycholate (DOC) Agar is used for isolation and differ-
entiation among the Enterobacteriaceae. It is also used to
detect coliform bacteria in dairy products.

� Principle
Desoxycholate Agar is a selective and differential medium
containing lactose, sodium desoxycholate, and neutral red

dye. Lactose is a fermentable carbohydrate, desoxycholate is
a Gram-positive inhibitor, and neutral red, which is color-
less above pH 6.8 and red below, is added as a pH indicator.

Neutral red will reveal lactose fermentation (Figure 2-10)
by turning the bacterial growth red where acid products
have lowered the pH (Figures 2-11 and 2-12). Lactose non-
fermenters will remain their natural color or the color of the
medium. Thus, the characteristics to look for on DOC are
the quality of growth and color production.
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10 � A Photographic Atlas for the Microbiology Laboratory
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2-10 LACTOSE FERMENTATION WITH ACID END PRODUCTS

2-11 DESOXYCHOLATE AGAR DOC medium inoculated
with (clockwise from top): Escherichia coli, Enterobacter
aerogenes, Shigella flexneri, and Enterococcus faecalis. Note
the inhibition of the Gram-positive E. faecalis. Note also the
red coloring of the lactose fermenting coliforms E. coli and E.
aerogenes.

2-12 DESOXYCHOLATE AGAR STREAKED FOR ISOLATION
DOC medium inoculated with the coliform Escherichia coli
(pink) and Shigella flexneri (buff). The color difference is be-
cause Shigella is a noncoliform and doesn’t ferment lactose.

005-018 Section 2 12/15/10 10:25 AM Page 10

� Purpose
Endo agar is used to detect fecal contamination in
water and dairy products. Whereas its current use
is to isolate and identify the presence of enteric
lactose fermenters (coliforms), its original use was
to isolate and identify Salmonella typhi, a lactose
nonfermenter (noncoliform).

� Principle
Endo Agar contains color indicators sodium
sulfite and basic fuchsin (which also double as
Gram-positive inhibitors). Lactose is included as
a fermentable carbohydrate. Lactose fermenters
(Figure 2-10) growing on the medium will appear
red or pink and darken the medium slightly due to
the reaction of sodium sulfite with the fermenta-
tion intermediate acetaldehyde. Refer to the
Appendix for more details on fermentation.
Lactose nonfermenters produce colorless to
slightly pink growth (Figure 2-13). Some
lactose fermenters, such as Escherichia coli
and Klebsiella pneumoniae produce large
amounts of acid, which gives the colonies
a metallic sheen (Figure 2-14).

SECTION 2 � Isolation Techniques and Selective Media � 11

Endo Agar

2-13 ENDO AGAR
Endo Agar inoculated
with Escherichia coli
(top), Enterobacter
aerogenes (lower
right) and Shigella
sonnei (lower left).
Notice the differ-
ence in the inten-
sity of the pink
between E. aero-
genes (a coliform)
and S. sonnei (a
noncoliform).

2-14 METALLIC SHEEN
Endo Agar streaked with
Escherichia coli to illustrate
the metallic sheen resulting
from large amounts of acid
produced during lactose
fermentation.

Eosin Methylene Blue Agar

� Purpose
Eosin Methylene Blue (EMB) Agar is used for isolation of
fecal coliforms. EMB Agar can be streaked for isolation or
used in the Membrane Filter Technique as discussed on page
228.

� Principle
Eosin Methylene Blue agar contains peptone, lactose, sucrose,
and the dyes eosin Y and methylene blue. The sugars pro-
vide fermentable substrates to encourage growth of fecal

coliforms. The dyes inhibit growth of Gram-positive organ-
isms and, under acidic conditions, also produce a dark purple
complex usually accompanied by a green metallic sheen.
This green metallic sheen serves as an indicator of the vig-
orous lactose and/or sucrose fermentation typical of fecal
coliforms. Smaller amounts of acid production (typical of
Enterobacter aerogenes and slow lactose fermenters) result
in a pink coloration of the growth. Nonfermenters remain
their normal color or take on the coloration of the medium
(Figures 2-15 and 2-16).
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Escherichia coli to illustrate
the metallic sheen resulting
from large amounts of acid
produced during lactose
fermentation.

Eosin Methylene Blue Agar

� Purpose
Eosin Methylene Blue (EMB) Agar is used for isolation of
fecal coliforms. EMB Agar can be streaked for isolation or
used in the Membrane Filter Technique as discussed on page
228.

� Principle
Eosin Methylene Blue agar contains peptone, lactose, sucrose,
and the dyes eosin Y and methylene blue. The sugars pro-
vide fermentable substrates to encourage growth of fecal

coliforms. The dyes inhibit growth of Gram-positive organ-
isms and, under acidic conditions, also produce a dark purple
complex usually accompanied by a green metallic sheen.
This green metallic sheen serves as an indicator of the vig-
orous lactose and/or sucrose fermentation typical of fecal
coliforms. Smaller amounts of acid production (typical of
Enterobacter aerogenes and slow lactose fermenters) result
in a pink coloration of the growth. Nonfermenters remain
their normal color or take on the coloration of the medium
(Figures 2-15 and 2-16).
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� Purpose
Hektoen Enteric (HE) Agar is used to isolate and differentiate
Salmonella and Shigella species from other Gram-negative enteric
organisms.

� Principle
Hektoen Enteric Agar is an undefined medium designed to isolate
Salmonella and Shigella species from other enterics based on the
ability to ferment lactose, sucrose, or salicin, and to reduce sulfur to
hydrogen sulfide gas (H2S). In addition to the three sugars, sodium
thiosulfate is included as a source of sulfur. Ferric ammonium citrate
is added to react with H2S and form a black precipitate. Bile salts are
included to inhibit most Gram-positive cocci. Bromthymol blue and
acid fuchsin dyes are added as color indicators.

Differentiation is possible as a result of the various colors pro-
duced in the colonies and in the agar. Enterics that produce acid
from fermentation will produce yellow to salmon-pink colonies.
Organisms like Salmonella, Shigella, and Proteus that do not fer-
ment any of the sugars produce blue-green colonies. Proteus and
Salmonella species that reduce sulfur to H2S form colonies contain-
ing a black precipitate. Refer to Figures 2-17 and 2-18.

12 � A Photographic Atlas for the Microbiology Laboratory

2-16 EOSIN METHYLENE BLUE AGAR STREAKED
FOR ISOLATION EMB agar inoculated with Escherichia
coli and Salmonella typhimurium. Note the dark centers
in the E. coli colonies. S. typhimurium is a noncoliform
and remains its natural color.

Hektoen Enteric Agar

2-17 HEKTOEN ENTERIC AGAR HE Agar inoculated
with (clockwise from top), Escherichia coli, Proteus
mirabilis, Shigella flexneri, and Enterococcus faecalis.
E. coli produces yellow color because acid is an end-
product of its fermentation of lactose. P. mirabilis does
not ferment lactose but does produce a black precipitate
from the reaction between ferric ammonium citrate in
the medium and H2S from sulfur reduction. Shigella is
also a lactose nonfermenter and is blue-green; it is not
a sulfur reducer. E. faecalis is inhibited by the bile salts.

2-15 EOSIN METHYLENE BLUE AGAR EMB agar
inoculated with (clockwise from top) Escherichia coli,
Enterobacter aerogenes, Salmonella typhimurium, and
Enterococcus faecalis. Note the characteristic green
metallic sheen of E. coli and the pink coloration with
slight darkening of E. aerogenes. Both organisms are
coliforms; the difference in color is due to the degree
of acid production. Some E. coli strains appear black
without the green sheen or produce colonies with dark
centers. See Figure 2-16.
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� Purpose
MacConkey Agar is used to isolate and differentiate members of the
Enterobacteriaceae based on the ability to ferment lactose. Variations on
the standard medium include MacConkey Agar w/o CV (without crystal
violet) to allow detection of Gram-positive cocci or MacConkey Agar CS
to control swarming bacteria (such as Proteus) that interfere with other
results.

� Principle
MacConkey Agar is a selective and differential medium containing lactose,
bile salts, neutral red, and crystal violet. Bile salts and crystal violet inhibit
growth of Gram-positive bacteria. Neutral red dye is a pH indicator that is
colorless above a pH of 6.8 and red at a pH below 6.8. Acid accumulating
from lactose fermentation turns the dye
red. Lactose fermenters turn a shade
of red on MacConkey agar
whereas lactose nonfermenters
remain their normal color or
the color of the medium
(Figures 2-19 and 2-20).
Formulations without
crystal violet allow
growth of Enterococcus
and some species of
Staphylococcus, which
ferment the lactose
and appear pink on
the medium.

SECTION 2 � Isolation Techniques and Selective Media � 13

2-18 HEKTOEN ENTERIC AGAR STREAKED
FOR ISOLATION HE agar streaked with Salmonella
typhimurium and Escherichia coli. Note the black
Salmonella colonies due to sulfur reduction and
the yellow E. coli colonies due to lactose fermen-
tation with acid end-products.

MacConkey Agar

2-19 MACCONKEY AGAR MacConkey Agar
inoculated with (clockwise from top) Escherichia
coli, Enterobacter aerogenes, Shigella sonnei, and
Proteus mirabilis. E. coli and E. aerogenes produce
pink color from acid-producing lactose fermenta-
tion. S. sonnei and P. mirabilis, both lactose non-
fermenters, remain their normal color. Note the
precipitated bile salts around the E. coli, also
shown in Figure 2-20.

2-20 MACCONKEY AGAR STREAKED FOR
ISOLATION MacConkey Agar inoculated with
Escherichia coli and Shigella flexneri. Note the
precipitated bile salts around the E. coli
caused by acid from lactose fermentation.
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� Purpose
Hektoen Enteric (HE) Agar is used to isolate and differentiate
Salmonella and Shigella species from other Gram-negative enteric
organisms.

� Principle
Hektoen Enteric Agar is an undefined medium designed to isolate
Salmonella and Shigella species from other enterics based on the
ability to ferment lactose, sucrose, or salicin, and to reduce sulfur to
hydrogen sulfide gas (H2S). In addition to the three sugars, sodium
thiosulfate is included as a source of sulfur. Ferric ammonium citrate
is added to react with H2S and form a black precipitate. Bile salts are
included to inhibit most Gram-positive cocci. Bromthymol blue and
acid fuchsin dyes are added as color indicators.

Differentiation is possible as a result of the various colors pro-
duced in the colonies and in the agar. Enterics that produce acid
from fermentation will produce yellow to salmon-pink colonies.
Organisms like Salmonella, Shigella, and Proteus that do not fer-
ment any of the sugars produce blue-green colonies. Proteus and
Salmonella species that reduce sulfur to H2S form colonies contain-
ing a black precipitate. Refer to Figures 2-17 and 2-18.

12 � A Photographic Atlas for the Microbiology Laboratory

2-16 EOSIN METHYLENE BLUE AGAR STREAKED
FOR ISOLATION EMB agar inoculated with Escherichia
coli and Salmonella typhimurium. Note the dark centers
in the E. coli colonies. S. typhimurium is a noncoliform
and remains its natural color.

Hektoen Enteric Agar

2-17 HEKTOEN ENTERIC AGAR HE Agar inoculated
with (clockwise from top), Escherichia coli, Proteus
mirabilis, Shigella flexneri, and Enterococcus faecalis.
E. coli produces yellow color because acid is an end-
product of its fermentation of lactose. P. mirabilis does
not ferment lactose but does produce a black precipitate
from the reaction between ferric ammonium citrate in
the medium and H2S from sulfur reduction. Shigella is
also a lactose nonfermenter and is blue-green; it is not
a sulfur reducer. E. faecalis is inhibited by the bile salts.

2-15 EOSIN METHYLENE BLUE AGAR EMB agar
inoculated with (clockwise from top) Escherichia coli,
Enterobacter aerogenes, Salmonella typhimurium, and
Enterococcus faecalis. Note the characteristic green
metallic sheen of E. coli and the pink coloration with
slight darkening of E. aerogenes. Both organisms are
coliforms; the difference in color is due to the degree
of acid production. Some E. coli strains appear black
without the green sheen or produce colonies with dark
centers. See Figure 2-16.
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� Purpose
MacConkey Agar is used to isolate and differentiate members of the
Enterobacteriaceae based on the ability to ferment lactose. Variations on
the standard medium include MacConkey Agar w/o CV (without crystal
violet) to allow detection of Gram-positive cocci or MacConkey Agar CS
to control swarming bacteria (such as Proteus) that interfere with other
results.

� Principle
MacConkey Agar is a selective and differential medium containing lactose,
bile salts, neutral red, and crystal violet. Bile salts and crystal violet inhibit
growth of Gram-positive bacteria. Neutral red dye is a pH indicator that is
colorless above a pH of 6.8 and red at a pH below 6.8. Acid accumulating
from lactose fermentation turns the dye
red. Lactose fermenters turn a shade
of red on MacConkey agar
whereas lactose nonfermenters
remain their normal color or
the color of the medium
(Figures 2-19 and 2-20).
Formulations without
crystal violet allow
growth of Enterococcus
and some species of
Staphylococcus, which
ferment the lactose
and appear pink on
the medium.
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2-18 HEKTOEN ENTERIC AGAR STREAKED
FOR ISOLATION HE agar streaked with Salmonella
typhimurium and Escherichia coli. Note the black
Salmonella colonies due to sulfur reduction and
the yellow E. coli colonies due to lactose fermen-
tation with acid end-products.

MacConkey Agar

2-19 MACCONKEY AGAR MacConkey Agar
inoculated with (clockwise from top) Escherichia
coli, Enterobacter aerogenes, Shigella sonnei, and
Proteus mirabilis. E. coli and E. aerogenes produce
pink color from acid-producing lactose fermenta-
tion. S. sonnei and P. mirabilis, both lactose non-
fermenters, remain their normal color. Note the
precipitated bile salts around the E. coli, also
shown in Figure 2-20.

2-20 MACCONKEY AGAR STREAKED FOR
ISOLATION MacConkey Agar inoculated with
Escherichia coli and Shigella flexneri. Note the
precipitated bile salts around the E. coli
caused by acid from lactose fermentation.
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� Purpose
Mannitol Salt Agar (MSA) is used for isolation and differ-
entiation of pathogenic staphylococci, principally Staphylo-
coccus aureus.

� Principle
Mannitol Salt Agar contains the carbohydrate mannitol,
7.5% sodium chloride (NaCl), and the pH indicator phenol
red. Phenol red is yellow below pH 6.8, red at pH 7.4 to
8.4, and pink above 8.4. The sodium chloride makes this
medium selective for staphylococci since most other bacteria
cannot survive in this level of salinity. The pathogenic

species of Staphylococcus ferment mannitol (Figure 2-21)
and produce acid, which turns the pH indicator yellow.
Nonpathogenic staphylococcal species grow, but produce
no color change. Refer to pages 71–73 and Figure A-5 in
the Appendix for more information on fermentation.

The development of yellow halos around the bacterial
growth is presumptive evidence that the organism is a path-
ogenic Staphylococcus (usually S. aureus). Good growth
that produces no color change is presumptive evidence for
nonpathogenic Staphylococcus (Figures 2-22 and 2-23).
With few exceptions, organisms that grow poorly on the
medium are not staphylococci.

14 � A Photographic Atlas for the Microbiology Laboratory
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2-21 MANNITOL FERMENTATION WITH ACID END-PRODUCTS The organic acids produced lower the pH and turn the medium yellow.

2-22 MANNITOL SALT AGAR MSA inoculated with
Staphylococcus aureus (top) and S. epidermidis (bottom).
(Note: Some strains of S. epidermidis are inhibited by
this medium). The yellow halo around S. aureus is due
to mannitol fermentation with acid end products.

2-23 MANNITOL SALT AGAR STREAKED FOR ISOLATION
MSA inoculated with Staphylococcus aureus and Staphylococcus
epidermidis. The growth shown in this photo is typical of the two
species on this medium; the colonies of S. epidermidis are small
and red whereas those of S. aureus are slightly larger and yellow.
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� Purpose
Phenylethyl (PEA) Alcohol Agar is used to
isolate staphylococci and streptococci from
specimens containing mixtures of bacterial
flora. It is typically used for specimens
thought to also contain Escherichia coli,
or strains of Proteus. When prepared with
5% sheep blood, it is used for cultivation of
Gram-positive anaerobes.

� Principle
PEA is an undefined, selective medium that
allows growth of Gram-positive organisms
and stops or inhibits growth of most Gram-
negative organisms (Figure 2-24). The active
ingredient, phenylethyl alcohol, functions
by interfering with DNA synthesis in Gram-
negative organisms.

SECTION 2 � Isolation Techniques and Selective Media � 15

Phenylethyl Alcohol Agar

2-24 BRAIN HEART INFUSION
AGAR VS. PHENYLETHYL ALCOHOL
AGAR A Growth on Brain Heart
Infusion Agar. Clockwise from the
top: Staphylococcus aureus, Escherichia
coli, Enterococcus faecium, and Klebsiella
pneumoniae. All show decent growth on BHIA.
B The same organisms inoculated in the same positions of PEA. Notice that
S. aureus and E. faecium grow well on both plates. E. coli and K. pneumoniae are
inhibited by PEA, but E. coli is not completely stopped from growing.

Pseudomonas Isolation Agar

� Purpose
Pseudomonas Isolation Agar (PIA) is a selective and differ-
ential medium used to isolate nonfermenting Gram-negative
bacteria in clinical samples, especially Pseudomonas species.
It also allows differentiation of P. aeruginosa, a major cause
of nosocomial infections (often from contamination of hos-
pital equipment), from other pseudomonads based on its
production of the pigment pyocyanin.

� Principle
The fatty acid synthesis inhibitor, Irgasan®1 (also known as
Triclosan), is inhibitory to many Gram-positive and Gram-
negative species. Pseudomonas species are not affected by its
activity (at its concentration in the medium) due to a mem-
brane efflux pump. Carbon and nitrogen are provided by
peptone and glycerol. Pyocyanin production is promoted by
potassium sulfate, magnesium chloride, and glycerol.

1 Irgasan is a registered trademark of Ciba-Geigy.

2-25 PSEUDOMONAS ISOLATION AGAR Pseudomonas aeruginosa
is on the left; P. fluorescens is on the right. Notice the greenish color of
P. aeruginosa due to the pigment pyocyanin.

A

B
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and produce acid, which turns the pH indicator yellow.
Nonpathogenic staphylococcal species grow, but produce
no color change. Refer to pages 71–73 and Figure A-5 in
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The development of yellow halos around the bacterial
growth is presumptive evidence that the organism is a path-
ogenic Staphylococcus (usually S. aureus). Good growth
that produces no color change is presumptive evidence for
nonpathogenic Staphylococcus (Figures 2-22 and 2-23).
With few exceptions, organisms that grow poorly on the
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2-21 MANNITOL FERMENTATION WITH ACID END-PRODUCTS The organic acids produced lower the pH and turn the medium yellow.

2-22 MANNITOL SALT AGAR MSA inoculated with
Staphylococcus aureus (top) and S. epidermidis (bottom).
(Note: Some strains of S. epidermidis are inhibited by
this medium). The yellow halo around S. aureus is due
to mannitol fermentation with acid end products.

2-23 MANNITOL SALT AGAR STREAKED FOR ISOLATION
MSA inoculated with Staphylococcus aureus and Staphylococcus
epidermidis. The growth shown in this photo is typical of the two
species on this medium; the colonies of S. epidermidis are small
and red whereas those of S. aureus are slightly larger and yellow.
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� Purpose
Phenylethyl (PEA) Alcohol Agar is used to
isolate staphylococci and streptococci from
specimens containing mixtures of bacterial
flora. It is typically used for specimens
thought to also contain Escherichia coli,
or strains of Proteus. When prepared with
5% sheep blood, it is used for cultivation of
Gram-positive anaerobes.

� Principle
PEA is an undefined, selective medium that
allows growth of Gram-positive organisms
and stops or inhibits growth of most Gram-
negative organisms (Figure 2-24). The active
ingredient, phenylethyl alcohol, functions
by interfering with DNA synthesis in Gram-
negative organisms.
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Phenylethyl Alcohol Agar

2-24 BRAIN HEART INFUSION
AGAR VS. PHENYLETHYL ALCOHOL
AGAR A Growth on Brain Heart
Infusion Agar. Clockwise from the
top: Staphylococcus aureus, Escherichia
coli, Enterococcus faecium, and Klebsiella
pneumoniae. All show decent growth on BHIA.
B The same organisms inoculated in the same positions of PEA. Notice that
S. aureus and E. faecium grow well on both plates. E. coli and K. pneumoniae are
inhibited by PEA, but E. coli is not completely stopped from growing.

Pseudomonas Isolation Agar

� Purpose
Pseudomonas Isolation Agar (PIA) is a selective and differ-
ential medium used to isolate nonfermenting Gram-negative
bacteria in clinical samples, especially Pseudomonas species.
It also allows differentiation of P. aeruginosa, a major cause
of nosocomial infections (often from contamination of hos-
pital equipment), from other pseudomonads based on its
production of the pigment pyocyanin.

� Principle
The fatty acid synthesis inhibitor, Irgasan®1 (also known as
Triclosan), is inhibitory to many Gram-positive and Gram-
negative species. Pseudomonas species are not affected by its
activity (at its concentration in the medium) due to a mem-
brane efflux pump. Carbon and nitrogen are provided by
peptone and glycerol. Pyocyanin production is promoted by
potassium sulfate, magnesium chloride, and glycerol.

1 Irgasan is a registered trademark of Ciba-Geigy.

2-25 PSEUDOMONAS ISOLATION AGAR Pseudomonas aeruginosa
is on the left; P. fluorescens is on the right. Notice the greenish color of
P. aeruginosa due to the pigment pyocyanin.
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16 � A Photographic Atlas for the Microbiology Laboratory

� Purpose
Salmonella-Shigella (SS) Agar is a selective medium originally used for
the isolation of Salmonella and many Shigella species (i.e., lactose non-
fermenting enteric bacteria) from the lactose fermenting enterics (the
coliforms). It is no longer recommended for isolation of Shigella, since
Hektoen and XLD agars are more effective, but is still of use in isolating
Salmonella species.

� Principle
Salmonella-Shigella Agar is an undefined, differential, and selective
medium with bile salts and brilliant green dye acting as the selective
agents against Gram-positives and many Gram-negatives. Lactose is
included as a fermentable carbohydrate and sodium thiosulfate provides
a source of reduceable sulfur. Neutral red is the pH indicator and ferric
citrate reacts with H2S to form a black precipitate, thus indicating sulfur
reduction. Lactose fermenters will produce reddish colonies as neutral
red changes from colorless to red in the low pH. Salmonella and Shigella
species will be their natural color due to their
inability to ferment lactose. Salmonella
and Proteus species typically reduce
sulfur, which is indicated by
colonies with black centers.
Refer to Figures 2-26
and 2-27.

Salmonella–Shigella Agar

2-26 SALMONELLA-SHIGELLA AGAR SS Agar
inoculated with (clockwise from top) Escherichia
coli, Shigella flexneri, Salmonella typhimurium, and
Enterococcus faecalis. Note the pink color of E. coli
due to acid production during lactose fermen-
tation. Note also the black precipitate in the
Salmonella growth due to the reaction of ferric
citrate in the medium with H2S produced from
sulfur reduction. This phenomenon produces
black colonies when the organism is streaked
for isolation (Figure 2-27). Growth of E. faecalis
is inhibited by bile salts and brilliant green dye.

2-27 SALMONELLA-SHIGELLA AGAR
STREAKED FOR ISOLATION SS Agar inoculated
with Salmonella typhimurium and Shigella
flexneri. Note the colonies with black centers
and clear edges characteristic of Salmonella on
this medium.

Tellurite Glycine Agar

� Purpose
Tellurite Glycine Agar is an undefined, selective, and differ-
ential medium used for the isolation of coagulase-positive
staphylococci from various sources. The most common and
clinically important coagulase-positive staphylococcus is
Staphylococcus aureus.

� Principle
Among the ingredients of Tellurite Glycine Agar are the
carbohydrate mannitol, potassium tellurite, and lithium

chloride. Organisms, such as the coagulase-positive Staphy-
lococcus aureus, are able to ferment the mannitol and
reduce the tellurite. When tellurite is reduced it produces
a precipitate that turns the colonies black. Therefore, an
organism that grows well on the medium and produces
black colonies is likely S. aureus and is thus differentiated
from coagulase-negative staphylococci and Gram-negative
bacteria (Figure 2-28).
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� Purpose
Thiosulfate Citrate Bile Sucrose (TCBS) Agar is an undefined, selective,
and differential medium used for the primary isolation of Vibrio species.
Clinical and nonclinical specimens suspected of fecal contamination
are streaked on TCBS in an effort to recover Vibrio cholerae, the most
important pathogen of the genus.

� Principle
The medium’s alkaline pH (8.6) promotes growth of Vibrio spp.,
especially that of V. cholerae. Oxgall and sodium cholate are included
to inhibit the growth of Gram-positive bacteria. Sucrose is the ferment-
able carbohydrate and sodium thiosulfate is included as an electron
acceptor for sulfur reducers. Bromthymol blue is the pH
indicator and ferric ammonium citrate is in-
cluded to indicate sulfur reduction.

Sucrose fermenters producing acid
end-products (such as Vibrio cholerae)
form yellow colonies (Figure 2-29)
while those of sucrose nonfer-
menters are blue. Some Enterococci
ferment sucrose but are inhibited
by the oxgall. These organisms, as
shown in Figure 2-30, produce
small yellow colonies. Species
able to reduce thiosulfate to H2S
produce black colonies due to the
reaction of H2S with the ferric ion
in the medium.

SECTION 2 � Isolation Techniques and Selective Media � 17

2-28 TELLURITE GLYCINE AGAR Clockwise from
the top right: Gram-positive, coagulase-negative
Staphylococcus epidermidis, Gram-positive, coagulase-
positive Staphylococcus aureus, and Gram-negative
Escherichia coli, grown on Tellurite Glycine Agar. Notice
that E. coli is inhibited, and that the two staphylococci
may be differentiated by their ability to reduce sulfur
and turn the growth black.

TCBS Agar

2-29 VIBRIO CHOLERAE STREAKED ON
TCBS AGAR The large, yellow colonies are
indicative of Vibrio cholerae.

2-30 ENTEROCOCCUS FAECALIS STREAKED
ON TCBS AGAR This Gram-positive coccus
may also be recovered from fecally contami-
nated samples; however, its yellow colonies
are much smaller than those of V. cholerae.
Compare the E. faecalis colonies with those in
Figure 2-29.
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16 � A Photographic Atlas for the Microbiology Laboratory

� Purpose
Salmonella-Shigella (SS) Agar is a selective medium originally used for
the isolation of Salmonella and many Shigella species (i.e., lactose non-
fermenting enteric bacteria) from the lactose fermenting enterics (the
coliforms). It is no longer recommended for isolation of Shigella, since
Hektoen and XLD agars are more effective, but is still of use in isolating
Salmonella species.

� Principle
Salmonella-Shigella Agar is an undefined, differential, and selective
medium with bile salts and brilliant green dye acting as the selective
agents against Gram-positives and many Gram-negatives. Lactose is
included as a fermentable carbohydrate and sodium thiosulfate provides
a source of reduceable sulfur. Neutral red is the pH indicator and ferric
citrate reacts with H2S to form a black precipitate, thus indicating sulfur
reduction. Lactose fermenters will produce reddish colonies as neutral
red changes from colorless to red in the low pH. Salmonella and Shigella
species will be their natural color due to their
inability to ferment lactose. Salmonella
and Proteus species typically reduce
sulfur, which is indicated by
colonies with black centers.
Refer to Figures 2-26
and 2-27.

Salmonella–Shigella Agar

2-26 SALMONELLA-SHIGELLA AGAR SS Agar
inoculated with (clockwise from top) Escherichia
coli, Shigella flexneri, Salmonella typhimurium, and
Enterococcus faecalis. Note the pink color of E. coli
due to acid production during lactose fermen-
tation. Note also the black precipitate in the
Salmonella growth due to the reaction of ferric
citrate in the medium with H2S produced from
sulfur reduction. This phenomenon produces
black colonies when the organism is streaked
for isolation (Figure 2-27). Growth of E. faecalis
is inhibited by bile salts and brilliant green dye.

2-27 SALMONELLA-SHIGELLA AGAR
STREAKED FOR ISOLATION SS Agar inoculated
with Salmonella typhimurium and Shigella
flexneri. Note the colonies with black centers
and clear edges characteristic of Salmonella on
this medium.

Tellurite Glycine Agar

� Purpose
Tellurite Glycine Agar is an undefined, selective, and differ-
ential medium used for the isolation of coagulase-positive
staphylococci from various sources. The most common and
clinically important coagulase-positive staphylococcus is
Staphylococcus aureus.

� Principle
Among the ingredients of Tellurite Glycine Agar are the
carbohydrate mannitol, potassium tellurite, and lithium

chloride. Organisms, such as the coagulase-positive Staphy-
lococcus aureus, are able to ferment the mannitol and
reduce the tellurite. When tellurite is reduced it produces
a precipitate that turns the colonies black. Therefore, an
organism that grows well on the medium and produces
black colonies is likely S. aureus and is thus differentiated
from coagulase-negative staphylococci and Gram-negative
bacteria (Figure 2-28).
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� Purpose
Thiosulfate Citrate Bile Sucrose (TCBS) Agar is an undefined, selective,
and differential medium used for the primary isolation of Vibrio species.
Clinical and nonclinical specimens suspected of fecal contamination
are streaked on TCBS in an effort to recover Vibrio cholerae, the most
important pathogen of the genus.

� Principle
The medium’s alkaline pH (8.6) promotes growth of Vibrio spp.,
especially that of V. cholerae. Oxgall and sodium cholate are included
to inhibit the growth of Gram-positive bacteria. Sucrose is the ferment-
able carbohydrate and sodium thiosulfate is included as an electron
acceptor for sulfur reducers. Bromthymol blue is the pH
indicator and ferric ammonium citrate is in-
cluded to indicate sulfur reduction.

Sucrose fermenters producing acid
end-products (such as Vibrio cholerae)
form yellow colonies (Figure 2-29)
while those of sucrose nonfer-
menters are blue. Some Enterococci
ferment sucrose but are inhibited
by the oxgall. These organisms, as
shown in Figure 2-30, produce
small yellow colonies. Species
able to reduce thiosulfate to H2S
produce black colonies due to the
reaction of H2S with the ferric ion
in the medium.

SECTION 2 � Isolation Techniques and Selective Media � 17

2-28 TELLURITE GLYCINE AGAR Clockwise from
the top right: Gram-positive, coagulase-negative
Staphylococcus epidermidis, Gram-positive, coagulase-
positive Staphylococcus aureus, and Gram-negative
Escherichia coli, grown on Tellurite Glycine Agar. Notice
that E. coli is inhibited, and that the two staphylococci
may be differentiated by their ability to reduce sulfur
and turn the growth black.

TCBS Agar

2-29 VIBRIO CHOLERAE STREAKED ON
TCBS AGAR The large, yellow colonies are
indicative of Vibrio cholerae.

2-30 ENTEROCOCCUS FAECALIS STREAKED
ON TCBS AGAR This Gram-positive coccus
may also be recovered from fecally contami-
nated samples; however, its yellow colonies
are much smaller than those of V. cholerae.
Compare the E. faecalis colonies with those in
Figure 2-29.
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� Purpose
Xylose Lysine Desoxycholate (XLD) Agar is a selective and
differential medium used to isolate and identify Shigella and
Providencia from stool samples.

� Principle
XLD Agar is a selective and differential medium containing
sodium desoxycholate, xylose, L-lysine, and ferric ammo-
nium citrate. Desoxycholate is a Gram-positive inhibitor,
xylose is a fermentable carbohydrate, L-lysine is an amino
acid provided for decarboxylation (See Decarboxylation,
page 67), and ferric ammonium citrate is an indicator to
mark the presence of hydrogen sulfide gas (H2S) from sulfur
reduction. Phenol red, which is yellow when acidic and red
or pink when alkaline, is added as a pH indicator.

Organisms that ferment xylose will acidify the medium
and produce yellow colonies. Organisms able to remove the
carboxyl group from (decarboxylate) L-lysine will release
alkaline products and produce red colonies. Organisms
able to reduce sulfur will produce a black precipitate in the
growth due to the reaction of ferric ammonium citrate with
H2S.

Shigella and Providencia, which do not ferment xylose
but decarboxylate lysine, appear red on the medium.
Salmonella species, which ferment xylose but then decar-
boxylate the lysine also appear as red colonies but with
black centers due to the reduction of sulfur to H2S. Other

enterics that would ordinarily revert to decarboxylation
after exhausting the sugar and alkalinize the medium are
prevented from doing so by the high sugar content and the
short incubation time. These organisms appear yellow on
the medium (Figure 2-31).

18 � A Photographic Atlas for the Microbiology Laboratory

Xylose Lysine Desoxycholate Agar

2-31 XYLOSE LYSINE DESOXYCHOLATE AGAR
XLD agar inoculated with (clockwise from top): Proteus
mirabilis (positive for sulfur reduction), Salmonella
typhimurium (atypically negative for sulfur reduction),
and Escherichia coli (positive for lactose fermentation).

005-018 Section 2 12/15/10 10:25 AM Page 18

Bacterial Growth

� Purpose
Recognizing different bacterial growth morphologies on agar plates is a useful and often crucial
step in the identification process. Agar slants are typically used for cultivation of pure cultures.
Bacteria also frequently display distinct morphological color and texture on agar slants.

� Principle
When a single bacterial cell is deposited on a solid nutrient medium, it begins to divide. One cell
makes two, two make four, four make eight . . . one million make two million, and so on. Eventu-
ally a colony appears where the original cell was deposited. Once the purity of a colony has been
confirmed by an appropriate staining procedure (Sections 5 and 6), cells can then be transferred to
a sterile medium to begin a pure culture.

Color, size, shape, and texture of
microbial growth are determined by the
genetic makeup of the organism. However,
organismal genetic expression is also greatly
influenced by environmental factors includ-
ing nutrient availability, temperature, and
incubation time. Colony characteristics may
be viewed with the naked eye or with the
assistance of a colony counter (Figure 3-1).

The basic categories of growth include
colony shape, margin (edge), elevation, color,
and texture (Figure 3-2). Colony shape may
be described as circular, irregular, or punc-
tiform (tiny). The margin may be entire
(smooth, with no irregularities), undulate
(wavy), lobate (lobed), filamentous, or rhi-
zoid (branched like roots). Colony elevations
include flat, raised, convex, pulvinate (very
convex), and umbonate (raised in the center).
Colony texture may be moist, mucoid, or
dry. Pigment production is another useful
characteristic and may be combined with
optical properties such as opaque, trans-
lucent, shiny, or dull.

Growth Patterns on Agar

3
S E C T I O N

19

3-1 THE COLONY COUNTER Subtle differences in colony
shape and size can best be viewed on the colony counter.
The transmitted light and magnifying glass allow observa-
tion of greater detail, however, colony color is best deter-
mined with reflected light. The grid in the background is used
as a counting aid. Each big square is a square centimeter.
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77 Theory
A medium that contains living microbes is called a culture. 
If a culture contains a single species it is said to be a pure 
culture. It is essential to transfer microbes from their pure 
culture to a sterile medium aseptically, that is, without 
contamination of yourself, others, the environment, the 
source culture, or the medium being inoculated. In other 
words, you want your pure culture to stay pure, your 
new culture to be pure, and the surroundings to remain 
uninoculated.

Following are general techniques and practices that 
improve your chances of successfully making an aseptic 
transfer. Equally important are the techniques related to 
safety. It has been demonstrated that while “…the causative 
incident for most LAIs (laboratory acquired infections) is 
unknown…A procedure’s potential to release microor-
ganisms into the air as aerosols and droplets is the most 
important operational risk factor…” (Chosewood and 
Wilson, 2009). In other words, limiting aerosol production 
is a safety issue and not an issue of keeping pure cultures 
pure. Please adhere to these practices for your safety and 
the safety of those around you.

77 Minimize the potential of contamination. Do not 
perform any transfers over your books and papers 
because you may inadvertently and unknowingly 
contaminate them with droplets or aerosols that settle. 
Put them safely away. Some labs advise performing 
transfers over a disinfectant-soaked paper towel.

77 Be organized. Arrange all media in advance and clearly 
label them with your name, the date, the medium, and 
the inoculum (Fig. 1.10). Tubes may be labeled with 
tape, paper held on with a rubber band, or by writing 
directly on the glass (this option presumes you will 
clean the writing off before you dispose of the culture 
for decontamination). You should write directly on the 
base (not the lid) of plastic Petri plates because they are 
disposable. Be sure not to place any labels in such a 
way as to obscure or obstruct your view of the tube’s 
or plate’s interior.

77 Place all media tubes in a test tube rack when not in use 
whether they are sterile or not. Tubes should never be 
laid on the table surface because they may leak (Fig. 
1.11).

77 Take your time. Work efficiently, but do not hurry. You 
are handling potentially dangerous microbes. Working 
at a frenzied pace leads to carelessness and accidents.

77 Never hold a tube culture by its cap. Caps are generally 
loose to allow aeration and are not secure enough to 
be used as a handle. Even screw caps can be loose 
enough so as not to be secure.

77 Hold the inoculating loop or needle like a pencil in 
your dominant hand and relax (Fig. 1.12)!

77 Adjust your Bunsen burner so its flame has an inner 
and outer cone (Fig. 1.13).

Common Aseptic Transfers 
and Inoculation Methods

exercise

1-3

1.10 Label The Media77To avoid confu-
sion after-the-fact, it is best to label sterile 

media prior to inoculating it. (A) Tubed 
media can be labeled with tape, paper  

labels, or directly on the glass with a 
marking pen. Labels must be removed 
when tubes are put in the autoclave 
bin for sterilization. (B) Plastic Petri 
dishes should be labeled on their base, 
not on their lid, because the lid may 
get separated from its base during 
reading or rotated from its correct  

orientation. Because most labs use  
disposable Petri dishes, the labels do not 

have to be removed prior to autoclaving.

A

B
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77 Application
Media come in many forms, each with specific applica-
tions. Broths are used to grow microbes when fresh  
cultures or large numbers of cells are required. Broths of 
differential media are also used in microbial identification 
(Section 5). Agar slants are generally used to grow stock 
cultures that can be refrigerated after incubation and 
maintained for several weeks. In addition, many differ-
ential media are agar slants. Plated media are typically used 
for obtaining isolation of species (Exercises 1-4 and 1-5), 
differential testing, and quantifying bacterial densities 
(Exercise 6-1). In all cases, using these media requires 
aseptic inoculation in which a portion of an existing pure 
culture is transferred to a sterile medium to start a new 

pure culture. (A streak plate and sometimes a spread plate 
are exceptions to this. See Exercises 1-4 and 1-5.) 

Transfers can be made between all forms of media—
slants, broths, and plates—depending on the intended use 
of the new culture. The following is organized into transfers 
from broth culture to sterile broth, agar slant culture to 
sterile agar slant, and plate culture to sterile broth. If you 
can do these, then you have the skills to transfer between 
most any combination of media. (Inoculation of sterile 
agar plates is covered in Exercises 1-4 and 1-5 and will 
complete your skill set.)

The instruments usually used for transfers are either 
inoculating loops or inoculating needles. (Pipettes are 
also sometimes used and these are covered in Appendices 
C and D.) For simplicity, the following instructions only 
refer to inoculating loops, but the same apply to inocu-
lating needles.

1.11 Microbiologist at Work77Materials are neatly positioned 
and not in the way. To prevent spills, culture tubes are stored upright 
in a test tube rack. They are never laid on the table. The microbiologist 
is relaxed and ready for work. Notice he is holding the loop like a 
pencil, not gripping it like a dagger.

1.12 Hold the Loop Like a Pencil77Holding the loop as shown 
puts the hand in a convenient position to hold tube caps by the 
“pinky” finger.

1.13 Bunsen Burner Flame77When properly adjusted, a 
Bunsen burner produces a flame with two cones. Sterilization of  
inoculating instruments is done in the hottest part of the flame—
the tip of the inner cone (red arrow). Heat-fixing bacterial smears  
on slides and incinerating the mouths of open glassware items  
may be done in the outer cone (white arrow).
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77 Theory
A microbial culture consisting of two or more species is 
said to be a mixed culture, whereas a pure culture contains 
only a single species. Obtaining isolation of individual 
species from a mixed sample is generally the first step in 
identifying an organism. A commonly used isolation 
technique is the streak plate (Fig. 1.31). 

In the streak plate method of isolation, a bacterial 
sample (always assumed to be a mixed culture) is streaked 
over the surface of a plated agar medium. During streaking, 
the cell density decreases, eventually leading to individual 
cells being deposited separately on the agar surface. Cells 
that have been sufficiently isolated will grow into colonies 
consisting only of the original cell type. Because some 
colonies form from individual cells and others from pairs, 
chains, or clusters of cells, the term colony-forming unit 
(CFU) is a more correct description of the colony origin.

Several patterns are used in streaking an agar plate, 
the choice of which depends on the source of inoculum 
and microbiologist’s preference. Although streak patterns 
range from simple to more complex, all are designed to

separate deposited cells (CFUs) on the agar surface  
so individual cells (CFUs) grow into isolated colonies.  
A quadrant streak or a T-streak is generally used with  
samples suspected of high cell density, whereas a  
simple zigzag (continuous streak) pattern may be used  
for samples containing lower cell densities.

77 Application
The identification process of an unknown microbe relies 
on obtaining a pure culture of that organism. The streak 
plate method produces individual colonies on an agar 
plate. A portion of an isolated colony then may be trans-
ferred to a sterile medium to start a pure culture.

Following are descriptions of streak techniques. 

Inoculation of Agar Plates Using  
the Quadrant Streak Method
This inoculation pattern is usually performed as the initial 
streak for isolation of two or more bacterial species in a 
mixed culture with suspected high cell density.

 1 Obtain the sample of mixed culture with a sterile 
loop.

 2 You have two options at this point. Use whichever 
is more comfortable for you or is required by your 
instructor.

a Leave the sterile agar plate on the table and lift 
the lid slightly, using it as a shield from airborne 
contamination (Fig. 1.32).

or

b Place the plate lid down on the table (Fig. 1.33A). 
Then remove the base and hold it in the air on an 
angle (Fig. 1.33B).

 3 Starting at the edge of the plate lightly drag the 
loop back and forth across the agar surface as 
shown in Figure 1.34A. Be careful not to cut the 
agar surface. The loop should contact the agar as 
shown in Figure 1.35.

 4 Remove the loop and replace the lid.

 5 Sterilize your loop as before. It is especially important 
to flame it from base to tip now because the loop has 
bacteria on it.

 6 Rotate the plate a little less than 90°.

Streak Plate Methods of Isolation

exercise

1-4

1.31 Quadrant Streak Plate of Serratia marcescens777
Note the decreasing density of growth in the four streak patterns. 
On this plate, isolation is first achieved in the second streak, but  
the microbiologist wouldn’t know that at the time of streaking, so 
all four streaks are performed in the hope that isolation will occur  
in at least one of them. Cells from an isolated colony (one that’s not 
touching another colony) can be transferred to a sterile medium to 
start a pure culture.
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 7 Let the loop cool for a few moments (or you can 
touch an open part of the agar), then perform  
another streak with the sterile loop beginning at 
one end of the first streak pattern (Fig. 1.34B).  
Intersect the first streak only two or three times.

 8 Sterilize the loop, and then repeat with a third 
streak beginning in the second streak (Fig. 1.34C).

 9 Sterilize the loop, and then perform a fourth streak 
beginning in the third streak and extending into the 
middle of the plate. Be careful not to enter any 
streaks but the third (Fig. 1.34D).

10 Sterilize the loop.

11 Label the plate’s base with your name, date, and 
sample inoculated.

12 Incubate the plate in an inverted position for the  
assigned time at the appropriate temperature.

Inoculation of Agar Plates Using the T-Streak Method
The T-streak method is a variation on the quadrant 
streak, but only three streakings are done (Fig. 1.36). 
There is no particular advantage of one method over the 
other. It basically comes down to personal preference.

 1 With a marking pen, draw one line across the plate’s 
base about one-third of the way down the plate. 
Then, draw a vertical line in the larger of the two 
regions roughly dividing it in half. The two lines 
make a “T.”

 2 Obtain the sample of mixed culture with a sterile 
loop.

 3 You have two options at this point. Use whichever 
is more comfortable for you or is required by your 
instructor.

a Leave the sterile agar plate on the table and lift 
the lid slightly, using it as a shield from airborne 
contamination (Fig. 1.32).

or

b Place the plate lid down on the table (Fig. 1.33A). 
Then remove the base and hold it in the air on an 
angle (Fig. 1.33B).

 4 Streak the sample across the large region several 
times. Be careful not to cut the agar.

 5 Flame the loop from base to tip and let it cool in the 
air or touch it to an uninoculated region of the agar.

 6 Make two or three streaks out of the first region into 
the second region, and then continue with an addi-
tional four or five streaks exclusively in the second 
region.

 7 Flame the loop from base to tip and let it cool in the 
air or touch it to an uninoculated region of the agar.

1.33 Streak Plate Inoculation: Plate Upside Down777
(A) Some microbiologists prefer to hold the Petri dish in the air 
when performing a streak plate. To do this, place the plate lid  
down on the table and lift the base from it, holding it on an angle.  
(B) Perform the streak as described in the text and as shown in 
Figures 1.34 and 1.36.

1.32 Streak Plate Inoculation: Use the Lid as a Shield77
The streak plate may be performed with the plate’s base resting on 
the table while holding the lid over it to prevent airborne contamina-
tion. Perform the streak plate as described in the text and as shown 
in Figure 1.34 or Figure 1.36.

A

B
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 8 Make two or three streaks out of the second region 
into the third region, and then continue with an ad-
ditional four or five streaks exclusively in the third 
region.

 9 Flame the loop from base to tip.

10 Label the plate’s base with your name, date, and 
sample inoculated.

11 Incubate the plate in an inverted position for the  
assigned time at the appropriate temperature.

Zigzag (Continuous) Inoculation  
of Agar Plates Using a Cotton Swab
This inoculation pattern is usually performed when the 
sample does not have a high cell density and with pure 
cultures when isolation is not necessary.

 1 Hold the swab comfortably in your dominant hand 
and lift the lid of the Petri dish with the other. Use 
the lid as a shield to protect the agar from airborne 
contamination. Alternatively, the plate can be held 
in the air as shown in Figure 1.33B.

 2 Lightly drag the cotton swab across the agar surface 
in a zigzag pattern, rolling it as you do so. Be careful 
not to cut the agar surface (Fig. 1.37).

 3 Replace the lid.

 4 Dispose of the swab according to your lab’s practices 
(generally in a sharps or biohazard container).

 5 Label the base of the plate with your name, date, 
and sample.

 6 Incubate the plate in an inverted position for the  
assigned time at the appropriate temperature. 

Inoculation of Agar Plates with a Cotton Swab  
in Preparation for a Quadrant Streak Plate
This inoculation pattern is usually performed as the initial 
streak for isolation of two or more bacterial species in a 
mixed culture with suspected high cell density.

 1 Hold the swab comfortably in your dominant hand 
and lift the lid of the Petri dish with the other. Use the 
lid as a shield to protect the agar from airborne con-
tamination (Fig. 1.32A). Alternatively, the plate can be 
held in the air as shown in Figure 1.33A and 1.33B.

 2 Lightly drag the cotton swab back and forth across 
the agar surface in one quadrant of the plate (Fig. 
1.38). This replaces the first streak as shown in  
Figure 1.34A.

 3 Dispose of the swab according to your lab’s practices 
(generally in a sharps container).

 4 Further streaking is performed with a loop as 
shown in Figures 1.34B through 1.34D.

 5 Label the plate’s base with your name, date, and 
sample.

 6 Incubate the plate in an inverted position for the  
assigned time at the appropriate temperature. 

77 In This Exercise
You will learn how to isolate individual organisms from 
a mixed culture, the first step in producing a pure culture. 
Three related streaking techniques will be used, the choice 
of which is determined by the anticipated cell density of 
the sample.

A B C D
I I I I

VI

II II

III III

II

1.34a Beginning the 
Quadrant Streak Pattern77
Streak the mixed culture back and 
forth in one quadrant of the agar 
plate. Stay close to the plate’s 
edge and make the streaks long. 
Do not cut the agar with the loop. 
Flame the loop, and then proceed.

1.34b Second Streak77
Rotate the plate nearly 90° and 
touch the agar in an uninoculated 
region to cool the loop. Streak 
again, using the same wrist 
motion. Flame the loop afterward. 
(Note: In these illustrations, the 
plate is not rotated.)

1.34c Third Streak77
Rotate the plate nearly 90° and 
streak again, using the same 
wrist motion. Be sure to cool the 
loop prior to streaking and flame 
it afterward.

1.34d Fourth Streak Into 
the Center77After cooling the 
loop, streak one last time into the 
center of the plate. Flame the 
loop, and incubate the plate in an 
inverted position for the assigned 
time at the appropriate 
temperature.
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Too vertical Just right Too flat

✓✓ Materials
Per Student Group
7▫ Broth cultures of: 

7▪ Micrococcus luteus
7▪ Staphylococcus epidermidis

Per Student
7▫ Inoculating loop

7▫ Three tryptic soy agar (TSA) plates

7▫ One sterile cotton swab in sterile distilled water

✓Procedure
Lab One
 1 Using a pencil, practice quadrant-streaking the 

“plate” on the data sheet, page 47, before trying it 
with living bacteria. Rotate the paper so that each 
streaking motion is the same even though you are 
streaking a different part of the plate. Hint: Keep 
your wrist relaxed.

 2 Each student should transfer a loopful of M. luteus 
to one sterile tryptic soy agar plate and follow the 
diagrams in Figure 1.34 to perform a quadrant 
streak for isolation. Avoid digging into or cutting the 
agar, which ruins the plate and may create dangerous 
aerosols. Label the plate with your name, the date, 
and the organism.

 3 Each student should transfer S. epidermidis to one 
sterile TSA plate and perform a T-streak for isolation 
(Fig. 1.36). As with the quadrant streak, avoid digging 
into or cutting the agar, which ruins the plate and 
may create dangerous aerosols. Label the plate with 
your name, the date, and the organism.

 4 Each student should use the cotton swab to sample 
an environmental source (see Appendix B), and then 
do a simple zigzag streak on a tryptic soy agar plate 
(Fig. 1.37). Dispose of the swab in a sharps or bio-
hazard container to be autoclaved. Label the plate 
with your name, the date, and the sample source.

 5 Tape the three plates together, invert them, and  
incubate them at 25°C for 24 to 48 hours. 

Lab Two
 1 After incubation, examine the plates for isolation.

 2 Compare your streak plates with your lab partner’s 
plates and critique each other’s technique. Remember, 
a successful streak plate is one that has isolated  
colonies; the pattern doesn’t have to be textbook 
quality—it is just that textbook quality provides 
you with a greater chance of getting isolation.

1.35 Proper Pressure on the Loop77The loop should not be 
held too vertically because it will cut the agar (left drawing). It also 
should not be held too flatly against the agar because the streaks 
will be too wide (right drawing). Moderate pressure should be 
applied to the loop so only the outer third or so of the loop’s face 
contacts the agar (middle drawing).

SECTION 1 Fundamental  Skills for the Microbiology LaboratoryMICROBIOLOGY: Laboratory Theory & Application44

1

44 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 161 45



I

III II

1.37 Zigzag (Continuous) Inoculation with a Cotton Swab77
Use the cotton swab to streak the agar surface to get isolated 
colonies after incubation. Be careful not to cut the agar. Properly 
dispose of the swab in a sharps or biohazard container.

1.38 Inoculation in Preparation for a Quadrant Streak777
If the sample is expected to have a high density of organisms, use 
the swab to perform the first streak toward one edge of the plate. 
Then continue the quadrant streak using a loop. Be careful not to 
cut the agar. Properly dispose of the swab in a sharps or biohazard 
container.

1.36 T-Streak Pattern77(A) This method uses only three streaks, each occupying a region designated by drawing lines in the shape 
of a “T” (hence, the procedure’s name) on the plate’s bottom (shown in red). The first region (I) is the largest (about one-third of the agar’s 
surface) and is streaked with the original sample. After flaming the loop, a second streak is made by entering the first streak two or three 
times, followed by four or five streaks just in the second region (II). After flaming, a third streak is made from the second region into the 
third region (III) as before. (B) Serratia marcescens was streaked on the plate using the T-streak method. As in Figure 1.31, isolation was 
achieved on the second streak, which is not surprising because both plates were made from the same culture.

A B
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Bacterial Growth

� Purpose
Recognizing different bacterial growth morphologies on agar plates is a useful and often crucial
step in the identification process. Agar slants are typically used for cultivation of pure cultures.
Bacteria also frequently display distinct morphological color and texture on agar slants.

� Principle
When a single bacterial cell is deposited on a solid nutrient medium, it begins to divide. One cell
makes two, two make four, four make eight . . . one million make two million, and so on. Eventu-
ally a colony appears where the original cell was deposited. Once the purity of a colony has been
confirmed by an appropriate staining procedure (Sections 5 and 6), cells can then be transferred to
a sterile medium to begin a pure culture.

Color, size, shape, and texture of
microbial growth are determined by the
genetic makeup of the organism. However,
organismal genetic expression is also greatly
influenced by environmental factors includ-
ing nutrient availability, temperature, and
incubation time. Colony characteristics may
be viewed with the naked eye or with the
assistance of a colony counter (Figure 3-1).

The basic categories of growth include
colony shape, margin (edge), elevation, color,
and texture (Figure 3-2). Colony shape may
be described as circular, irregular, or punc-
tiform (tiny). The margin may be entire
(smooth, with no irregularities), undulate
(wavy), lobate (lobed), filamentous, or rhi-
zoid (branched like roots). Colony elevations
include flat, raised, convex, pulvinate (very
convex), and umbonate (raised in the center).
Colony texture may be moist, mucoid, or
dry. Pigment production is another useful
characteristic and may be combined with
optical properties such as opaque, trans-
lucent, shiny, or dull.

Growth Patterns on Agar

3
S E C T I O N

19

3-1 THE COLONY COUNTER Subtle differences in colony
shape and size can best be viewed on the colony counter.
The transmitted light and magnifying glass allow observa-
tion of greater detail, however, colony color is best deter-
mined with reflected light. The grid in the background is used
as a counting aid. Each big square is a square centimeter.
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Figures 3-3 through 3-31 show a variety of bacterial
colony forms and characteristics. Where applicable, con-
trasting environmental factors are indicated. Figures 3-32
and 3-34 show growth characteristics on agar slants.

20 � A Photographic Atlas for the Microbiology Laboratory

3-2 A SAMPLING OF BACTERIAL COLONY FEATURES These terms
are used to describe colonial morphology. Descriptions also should
include color, surface characteristics (dull or shiny), consistency (dry,
butyrous-buttery, or moist) and optical properties (opaque or translucent).
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3-3 ENTEROCOCCUS FAECIUM GROWN ON NUTRIENT AGAR The
colonies are white, circular, convex, smooth, and have an entire margin.
E. faecium (formerly known as Streptococcus faecium) is found in human
and animal feces.

3-4 STAPHYLOCOCCUS EPIDERMIDIS GROWN ON SHEEP BLOOD
AGAR The colonies are white, raised, circular, and entire. S. epidermidis
is an opportunistic pathogen.

3-5 MICROCOCCUS LUTEUS GROWN ON BRAIN HEART INFUSION
AGAR These colonies are yellow, smooth, and convex with a regular
margin. They range in size from 1 to 3 mm. M. luteus is common in soil,
dust, and on human skin.

3-6 KOCURIA ROSEA GROWN ON BRAIN HEART INFUSION AGAR
Pink, punctiform (these are less than 1 mm in diameter), smooth, regu-
lar colonies typify K. rosea, an inhabitant of water, dust, and salty foods.

3-7 SARCINA AURANTIACA GROWN ON BRAIN HEART INFUSION
AGAR S. aurantiaca produced yellow-orange, smooth, convex, regular
colonies on BHIA. These are between 1 to 3 mm in diameter.
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3-8 RHODOCOCCUS RHODOCHROUS
GROWN ON BRAIN HEART INFUSION
AGAR These colonies are reddish-pink,
smooth, and convex with a regular
margin. They are about 1 mm in diameter.
Rhodococcus species are soil organisms.

3-9 COMPARISON OF FOUR BACILLUS SPECIES A B. cereus grown on Blood Agar produces distinctively large (up to 7 mm), gray, granular, irregu-
lar colonies. They often produce a “mousy” smell. Also note the extensions of growth along the streak line. B B. anthracis colonies resemble B. cereus,
but are usually smaller and adhere to the medium more tenaciously. C B. mycoides produces rapidly spreading, rhizoid colonies. D This unknown
Bacillus isolated as a laboratory contaminant produced wrinkled, irregular colonies with an undulate (wavy) margin.

A B

C D

3-10 “MEDUSA HEAD” COLONIES OF CLOSTRIDIUM
SPOROGENES ON BLOOD AGAR These irregularly circular
colonies have a raised, yellow center and a flat, spreading
edge of tangled filaments (reminiscent of the mythological
creature Medusa, who had snakes for hair!). They vary in
size from 2 to 6 mm.
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Figures 3-3 through 3-31 show a variety of bacterial
colony forms and characteristics. Where applicable, con-
trasting environmental factors are indicated. Figures 3-32
and 3-34 show growth characteristics on agar slants.
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22 � A Photographic Atlas for the Microbiology Laboratory

3-11 PROVIDENCIA STUARTII GROWN ON NUTRIENT AGAR The
colonies are shiny, buff, and convex. P. stuartii is a frequent isolate in
urine samples obtained from hospitalized and catheterized patients.
P. stuartii is highly resistant to antibiotics.

3-12 KLEBSIELLA PNEUMONIAE GROWN ON NUTRIENT AGAR The
colonies are mucoid, raised, and shiny. While it is a normal inhabitant
of the human intestinal tract, it is associated with community-acquired
pneumonia and nososomial urinary tract infections.

3-13 ALCALIGENES FAECALIS COLONIES ON SHEEP BLOOD AGAR The colonies of this opportunistic pathogen are umbonate with an opaque
center and a spreading edge. A Side view. Note the raised center. B Close-up of the A. faecalis colonies showing spreading edge.

A B

3-14 CITROBACTER KOSERI GROWN ON SHEEP BLOOD AGAR The
colonies are round, smooth, and opaque with a regular margin. This
species is also able to partially hemolyze red blood cells (�-hemolytic),
as evidenced by the greening around each colony. They range in size
from 1 to 2 mm.

3-15 ERWINIA AMYLOVORA GROWN ON BRAIN HEART INFUSION
AGAR These colonies are whitish, transluscent, spreading, and umbon-
ate. Erwinia species are plant pathogens.
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3-16 RHIZOBIUM LEGUMINOSARUM GROWN ON BRAIN HEART
INFUSION AGAR The colonies are convex, circular, and filamentous.
They are translucent at the edges and about 5 mm in diameter.
R. leguminosarum is capable of producing root nodules (tumors)
in many legumes and subsequently fixing atmospheric nitrogen.

3-17 DEINOCOCCUS RADIODURANS GROWN ON TRYTPICASE SOY
AGAR These small (between 1 and 2 mm in diameter), round, convex,
and regular colonies took 36 hours to develop the orange color. This
species is highly resistant to ionizing radiation.

3-18 MYCOBACTERIUM SMEGMATIS GROWN
ON SHEEP BLOOD AGAR The colonies of this
slow growing relative of M. tuberculosis are
punctiform.

3-19 CORYNEBACTERIUM XEROSIS GROWN ON SHEEP BLOOD
AGAR A As seen in this view from the side, the colonies are dull, buff,
and convex. B Close-up of circular C. xerosis colonies. C. xerosis is rarely
an opportunistic pathogen.

A

B

3-20 UMBONATE COLONY OF AN ANAEROBIC LAB CONTAMINANT
The colony on the left is truly umbonate. The one on the right is getting
there. Their diameters are about 3 mm.

3-21 STREPTOMYCES GRISEUS GROWN ON BRAIN HEART INFUSION
AGAR These colonies are circular and ridged with a granular appear-
ance. At a later stage of development, they produce yellow reproductive
spores. Growth of streptomycetes is associated with an “earthy” smell.
This one plate fragranced the entire incubator!
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24 � A Photographic Atlas for the Microbiology Laboratory

3-22 SWARMING GROWTH PATTERN Members of the genus
Proteus will swarm at certain intervals and produce a pattern of
concentric rings due to their motility. This is a photograph of
P. vulgaris demonstrating swarming behavior on DNase agar.

3-23 MUCOID COLONIES Pseudomonas aeruginosa grown on Endo
agar demonstrates a mucoid texture. P. aeruginosa is found in soil and
water, and can cause infections in burn patients.

3-24 BUTYROUS COLONY OF AN UNKNOWN SOIL ISOLATE This
12 mm colony was found on a Glycerol Yeast Extract plate inoculated
with a diluted soil sample. It was almost liquid in composition, some-
thing that is indicated by its contact with the yellow colony to its right.

3-25 CHROMOBACTERIUM VIOLACEUM GROWN ON SHEEP BLOOD
AGAR C. violaceum produces shiny, purple, convex colonies. It is found
in soil and water, and rarely produces infections in humans.

3-26 INFLUENCE OF NUTRIENT
AVAILABILITY ON PIGMENT PRODUCTION
Pigment production may be influenced
by environmental factors such as
nutrient availability. Chromobacterium
violaceum produces a much more intense
purple pigment when grown on Trypti-
case Soy Agar (left) than when grown on
Nutrient Agar, a less nutritious medium
(right).
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3-27 INFLUENCE OF AGE ON PIGMENT PRODUCTION A Serratia marcescens grown on Sheep Blood Agar after 24 hours. B The same plate of
S. marcescens after 48 hours. Note in particular the change in the 3 colonies in the lower right (encircled).

A B

3-28 EFFECT OF AGE ON COLONY MORPHOLOGY A Close-up of Bacillus subtilis on Sheep Blood Agar after 24 hours of incubation. B Close-up of
B. subtilis on Sheep Blood Agar after 48 hours. Note the wormlike appearance.

A B

3-29 DIFFUSIBLE PIGMENT OF
PSEUDOMONAS AERUGINOSA The
blue-green pigment pyocyanin often
makes P. aeruginosa easy to identify.
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24 � A Photographic Atlas for the Microbiology Laboratory

3-22 SWARMING GROWTH PATTERN Members of the genus
Proteus will swarm at certain intervals and produce a pattern of
concentric rings due to their motility. This is a photograph of
P. vulgaris demonstrating swarming behavior on DNase agar.

3-23 MUCOID COLONIES Pseudomonas aeruginosa grown on Endo
agar demonstrates a mucoid texture. P. aeruginosa is found in soil and
water, and can cause infections in burn patients.

3-24 BUTYROUS COLONY OF AN UNKNOWN SOIL ISOLATE This
12 mm colony was found on a Glycerol Yeast Extract plate inoculated
with a diluted soil sample. It was almost liquid in composition, some-
thing that is indicated by its contact with the yellow colony to its right.

3-25 CHROMOBACTERIUM VIOLACEUM GROWN ON SHEEP BLOOD
AGAR C. violaceum produces shiny, purple, convex colonies. It is found
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26 � A Photographic Atlas for the Microbiology Laboratory

3-30 TWO MIXED SOIL CULTURES ON NUTRIENT AGAR These plates show the morphological diversity present in two soil samples.

A B

A

3-31 THREE THROAT CULTURES ON SHEEP BLOOD AGAR
A There are probably five different species on this plate. B Note the �-hemolysis (darkening of the agar;
see page 61 for more information) shown by much of the growth. C This is a close-up of the same plate as in B. Note the weak �-hemolysis of the
white colony in the upper right (arrow). White growth with �-hemolysis is characteristic of Staphylococcus aureus.

3-32 PIGMENT PRODUCTION ON SLANTS From left to right,
Staphylococcus epidermidis (white), Pseudomonas aeruginosa (green),
Chromobacterium violaceum (violet), Serratia marcescens (red/orange),
Kocuria rosea (rose), and Micrococcus luteus (yellow).

CB

3-33 INFLUENCE OF TEMPERATURE ON PIGMENT PRODUCTION Serratia
marcescens was grown for 48 hours on Trypticase Soy Agar slants at five
different temperatures. From left to right: 25°C, 30°C, 33°C, 35°C, and 37°C.
A difference of 2°C makes the difference between being pigmented or not!
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SECTION 3 � Bacterial Growth � 27

3-34 GROWTH TEXTURE ON SLANTS From
left to right, Bacillus spp. (flat, dry), Alcaligenes
faecalis (spreading edge), Mycobacterium phlei
(crusty/friable), Lactobacillus plantarum (trans-
parent, barely visible).

Growth Patterns in Broth

� Purpose
Bacterial genera—and frequently different
species within a genus—demonstrate
characteristic growth patterns in broth
that provide useful information when
attempting to identify an organism.

� Principle
Microorganisms cultivated in broth display
a variety of growth characteristics. Some
organisms float on top of the medium and
produce a type of surface membrane called
a pellicle; others sink to the bottom as
sediment. Some bacteria produce uniform
fine turbidity while others appear to clump
in what is called flocculent growth. Refer
to Figures 3-35 and 3-36. Figure 3-37
shows an example of a pigmented species
(Rhodospirillum rubrum) in broth.

3-35 GROWTH PATTERNS IN BROTH From left to right in pairs (by type of organism):
Enterobacter aerogenes and Citrobacter diversus—motile members of Enterobacteriaceae
(uniform fine turbidity), Enterococcus faecalis and Staphylococcus aureus—nonmotile Gram-
positive cocci (sediment), Mycobacterium phlei and Mycobacterium smegmatis (relatives of
Mycobacterium tuberculosis)—nonmotile with a waxy cell wall (pellicle).

3-36 FLOCCULENCE IN BROTH
This is a Streptococcus species from
a throat culture demonstrating
flocculence in Todd-Hewitt Broth.

3-37 PIGMENT IN
BROTH Rhodospirillum
rubrum has a red color due
to carotenoid pigments. It
grows as a photohetero-
troph in the presence of
light and the absence of
oxygen.
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28 � A Photographic Atlas for the Microbiology Laboratory

Aerotolerance

� Purpose
The two procedures discussed here—agar deep stabs and
agar shakes—are good visual indicators of oxygen tolerance
(aerotolerance) in microorganisms.

� Principle
Most microorganisms can survive within a range of envi-
ronmental conditions, but not surprisingly, tend to produce
growth with the greatest density in the areas where condi-
tions are most favorable. One important resource influencing
microbial growth is oxygen. Some organisms require oxygen
for their metabolic needs. Some other organisms are not
affected by it at all. Still other organisms cannot even survive
in its presence. This ability or inability to live in the presence
of oxygen is called aerotolerance.

Most growth media are sterilized in an autoclave during
preparation. This process not only kills unwanted microbes,
but also removes most of the free oxygen from the medium
as well. After the medium is removed from the autoclave
and allowed to cool, the oxygen begins to diffuse back in.
In tubed media (both liquid and solid) this process creates
a gradient of oxygen concentrations, ranging from aerobic
at the top, nearest the source of oxygen, to anaerobic at the
bottom. Because of microorganisms’ natural tendency to
proliferate where the oxygen concentration best suits their
metabolic needs, differing degrees of population density will
develop in the medium over time that can be used to visually
examine their aerotolerance.

Obligate (strict) aerobes, organisms that require oxygen
for respiration, grow at the top where oxygen is most plenti-
ful. Facultative anaerobes grow in the presence or absence of
oxygen. When oxygen is available, they respire aerobically.
When oxygen is not available, they either respire anaerobi-
cally (reducing sulfur or nitrate instead of oxygen) or ferment
an available substrate. Refer to the Appendix and Section 7
for more information on anaerobic respiration and fermenta-
tion. Where an oxygen gradient exists, facultative anaerobes
grow throughout the medium but are more dense at the top.
Aerotolerant anaerobes (or simply “aerotolerants”—not
to be confused with “aerotolerance”), organisms that don’t
require oxygen and are not adversely affected by it, live
uniformly throughout the medium. Aerotolerant anaerobes
ferment even in the presence of free oxygen. Microaero-
philes, as the name suggests, survive only in environments
containing lower than atmospheric levels of oxygen. Some

microaerophiles called capnophiles can survive only if carbon
dioxide levels are elevated. Microaerophiles will be seen
somewhere near the middle or upper middle region of the
medium. Finally, obligate (strict) anaerobes are organisms
for which even small amounts of oxygen are lethal and,
therefore, will be seen only in the lower regions of the
medium, depending on how far into the medium the oxygen
has diffused.

Agar deep stabs are prepared with Tryptic Soy Agar
(TSA) enriched with yeast extract to promote growth of a
broad range of organisms. Oxygen, which is removed from
the medium during preparation and autoclaving, immediately
begins to diffuse back in as the agar cools and solidifies.
This process creates a gradient of oxygen concentrations in
the medium, ranging from aerobic at the top to anaerobic at
the bottom.

Agar deeps are stab-inoculated with an inoculating
needle to introduce as little air as possible. The location of
growth that develops indicates the organism’s aerotolerance
(Figure 3-38).

Agar shakes are also prepared with enriched TSA, but
differ from agar deep stabs in that, after autoclaving, they
are cooled to 45°C and placed in a warm water bath until
time for inoculation. Agar shakes are inoculated in liquid
form, mixed gently to distribute the bacteria evenly through-
out the medium, and allowed to solidify. Like agar deep
stabs, the location of growth that develops in agar shakes
indicates the aerotolerance of the organism (Figure 3-39).

3-38 AGAR
DEEP STAB TUBES
From left to right:
Clostridium
butyricum (strict
anaerobe),
Staphylococcus
aureus (facultative
anaerobe), and
Pseudomonas
aeruginosa (strict
aerobe).
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3-39 AGAR SHAKE TUBES From
left to right, Clostridium butyricum (strict
anaerobe), Escherichia coli (facultative
anaerobe), uninoculated control, and
Pseudomonas aeruginosa (strict aerobe).

Cultivation of Anaerobes—Anaerobic Jar

� Purpose
Cultivation of obligate anaerobes and microaerophiles requires
providing an environment in which oxygen is either absent or
considerably reduced. Various methods have been devised to
provide these environments, three of which are covered in the
remainder of Section 3.

The anaerobic jar (Figure 3-40) is used to grow obligate
anaerobes and microaerophiles. Because it is the atmosphere
within the jar that is anaerobic, the jar can be incubated in a
normal incubator alongside aerobically grown cultures.

� Principle
Inoculated plates or tubes are placed in the jar and the
appropriate gas-generating sachet is activated. In the case
of the AnaerogenTM Gas Generating System by Oxoid,
simply opening the packet inside the jar and imme-
diately clamping the lid on the jar is all that is neces-
sary. Ascorbic acid in the packet reacts with free
oxygen and in turn releases CO2. Within 30 minutes,
the atmosphere inside the jar is less than 1% O2 and
between 9 and 13% CO2. A methylene blue (or some
other) indicator strip is also placed inside the jar. It
will turn blue if exposed to air, thus acting as a con-
trol to ensure anaerobic conditions have been pro-
duced. Figure 3-41 shows two plates inoculated with
the same organisms, but one was incubated anaero-
bically while the other was incubated aerobically.

The Oxoid CampygenTM sachet works in a simi-
lar way, but produces 5% O2, 10% CO2, and 85%
N2. It is designed for growing microaerophiles, such
as Campylobacter jejuni.

3-40 THE ANAEROBIC JAR
Note the sachet and the white
indicator strip inside the jar. The
sachet has performed properly,
reducing the oxygen level within
the jar to less than 1%, as evi-
denced by the indicator strip. If
the indicator were blue, it would
mean free oxygen remained in
the jar and the resulting growth
would be in question relative to
its ability to survive in anaerobic
conditions.

3-41 PLATES INCUBATED INSIDE AND OUTSIDE THE ANAEROBIC JAR
Both Nutrient Agar plates were inoculated with Staphylococcus aureus (top),
Pseudomonas aeruginosa (right), and Clostridium sporogenes (left). The plate
on the left was incubated aerobically outside the jar; the plate on the right was
incubated inside the anaerobic jar. Note the relative amounts of growth of the
three organisms.
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will turn blue if exposed to air, thus acting as a con-
trol to ensure anaerobic conditions have been pro-
duced. Figure 3-41 shows two plates inoculated with
the same organisms, but one was incubated anaero-
bically while the other was incubated aerobically.

The Oxoid CampygenTM sachet works in a simi-
lar way, but produces 5% O2, 10% CO2, and 85%
N2. It is designed for growing microaerophiles, such
as Campylobacter jejuni.

3-40 THE ANAEROBIC JAR
Note the sachet and the white
indicator strip inside the jar. The
sachet has performed properly,
reducing the oxygen level within
the jar to less than 1%, as evi-
denced by the indicator strip. If
the indicator were blue, it would
mean free oxygen remained in
the jar and the resulting growth
would be in question relative to
its ability to survive in anaerobic
conditions.

3-41 PLATES INCUBATED INSIDE AND OUTSIDE THE ANAEROBIC JAR
Both Nutrient Agar plates were inoculated with Staphylococcus aureus (top),
Pseudomonas aeruginosa (right), and Clostridium sporogenes (left). The plate
on the left was incubated aerobically outside the jar; the plate on the right was
incubated inside the anaerobic jar. Note the relative amounts of growth of the
three organisms.
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28 � A Photographic Atlas for the Microbiology Laboratory

Aerotolerance

� Purpose
The two procedures discussed here—agar deep stabs and
agar shakes—are good visual indicators of oxygen tolerance
(aerotolerance) in microorganisms.

� Principle
Most microorganisms can survive within a range of envi-
ronmental conditions, but not surprisingly, tend to produce
growth with the greatest density in the areas where condi-
tions are most favorable. One important resource influencing
microbial growth is oxygen. Some organisms require oxygen
for their metabolic needs. Some other organisms are not
affected by it at all. Still other organisms cannot even survive
in its presence. This ability or inability to live in the presence
of oxygen is called aerotolerance.

Most growth media are sterilized in an autoclave during
preparation. This process not only kills unwanted microbes,
but also removes most of the free oxygen from the medium
as well. After the medium is removed from the autoclave
and allowed to cool, the oxygen begins to diffuse back in.
In tubed media (both liquid and solid) this process creates
a gradient of oxygen concentrations, ranging from aerobic
at the top, nearest the source of oxygen, to anaerobic at the
bottom. Because of microorganisms’ natural tendency to
proliferate where the oxygen concentration best suits their
metabolic needs, differing degrees of population density will
develop in the medium over time that can be used to visually
examine their aerotolerance.

Obligate (strict) aerobes, organisms that require oxygen
for respiration, grow at the top where oxygen is most plenti-
ful. Facultative anaerobes grow in the presence or absence of
oxygen. When oxygen is available, they respire aerobically.
When oxygen is not available, they either respire anaerobi-
cally (reducing sulfur or nitrate instead of oxygen) or ferment
an available substrate. Refer to the Appendix and Section 7
for more information on anaerobic respiration and fermenta-
tion. Where an oxygen gradient exists, facultative anaerobes
grow throughout the medium but are more dense at the top.
Aerotolerant anaerobes (or simply “aerotolerants”—not
to be confused with “aerotolerance”), organisms that don’t
require oxygen and are not adversely affected by it, live
uniformly throughout the medium. Aerotolerant anaerobes
ferment even in the presence of free oxygen. Microaero-
philes, as the name suggests, survive only in environments
containing lower than atmospheric levels of oxygen. Some

microaerophiles called capnophiles can survive only if carbon
dioxide levels are elevated. Microaerophiles will be seen
somewhere near the middle or upper middle region of the
medium. Finally, obligate (strict) anaerobes are organisms
for which even small amounts of oxygen are lethal and,
therefore, will be seen only in the lower regions of the
medium, depending on how far into the medium the oxygen
has diffused.

Agar deep stabs are prepared with Tryptic Soy Agar
(TSA) enriched with yeast extract to promote growth of a
broad range of organisms. Oxygen, which is removed from
the medium during preparation and autoclaving, immediately
begins to diffuse back in as the agar cools and solidifies.
This process creates a gradient of oxygen concentrations in
the medium, ranging from aerobic at the top to anaerobic at
the bottom.

Agar deeps are stab-inoculated with an inoculating
needle to introduce as little air as possible. The location of
growth that develops indicates the organism’s aerotolerance
(Figure 3-38).

Agar shakes are also prepared with enriched TSA, but
differ from agar deep stabs in that, after autoclaving, they
are cooled to 45°C and placed in a warm water bath until
time for inoculation. Agar shakes are inoculated in liquid
form, mixed gently to distribute the bacteria evenly through-
out the medium, and allowed to solidify. Like agar deep
stabs, the location of growth that develops in agar shakes
indicates the aerotolerance of the organism (Figure 3-39).

3-38 AGAR
DEEP STAB TUBES
From left to right:
Clostridium
butyricum (strict
anaerobe),
Staphylococcus
aureus (facultative
anaerobe), and
Pseudomonas
aeruginosa (strict
aerobe).
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3-39 AGAR SHAKE TUBES From
left to right, Clostridium butyricum (strict
anaerobe), Escherichia coli (facultative
anaerobe), uninoculated control, and
Pseudomonas aeruginosa (strict aerobe).

Cultivation of Anaerobes—Anaerobic Jar

� Purpose
Cultivation of obligate anaerobes and microaerophiles requires
providing an environment in which oxygen is either absent or
considerably reduced. Various methods have been devised to
provide these environments, three of which are covered in the
remainder of Section 3.

The anaerobic jar (Figure 3-40) is used to grow obligate
anaerobes and microaerophiles. Because it is the atmosphere
within the jar that is anaerobic, the jar can be incubated in a
normal incubator alongside aerobically grown cultures.

� Principle
Inoculated plates or tubes are placed in the jar and the
appropriate gas-generating sachet is activated. In the case
of the AnaerogenTM Gas Generating System by Oxoid,
simply opening the packet inside the jar and imme-
diately clamping the lid on the jar is all that is neces-
sary. Ascorbic acid in the packet reacts with free
oxygen and in turn releases CO2. Within 30 minutes,
the atmosphere inside the jar is less than 1% O2 and
between 9 and 13% CO2. A methylene blue (or some
other) indicator strip is also placed inside the jar. It
will turn blue if exposed to air, thus acting as a con-
trol to ensure anaerobic conditions have been pro-
duced. Figure 3-41 shows two plates inoculated with
the same organisms, but one was incubated anaero-
bically while the other was incubated aerobically.

The Oxoid CampygenTM sachet works in a simi-
lar way, but produces 5% O2, 10% CO2, and 85%
N2. It is designed for growing microaerophiles, such
as Campylobacter jejuni.

3-40 THE ANAEROBIC JAR
Note the sachet and the white
indicator strip inside the jar. The
sachet has performed properly,
reducing the oxygen level within
the jar to less than 1%, as evi-
denced by the indicator strip. If
the indicator were blue, it would
mean free oxygen remained in
the jar and the resulting growth
would be in question relative to
its ability to survive in anaerobic
conditions.

3-41 PLATES INCUBATED INSIDE AND OUTSIDE THE ANAEROBIC JAR
Both Nutrient Agar plates were inoculated with Staphylococcus aureus (top),
Pseudomonas aeruginosa (right), and Clostridium sporogenes (left). The plate
on the left was incubated aerobically outside the jar; the plate on the right was
incubated inside the anaerobic jar. Note the relative amounts of growth of the
three organisms.

019-030 Section 3 12/15/10 10:27 AM Page 29

28 � A Photographic Atlas for the Microbiology Laboratory

Aerotolerance

� Purpose
The two procedures discussed here—agar deep stabs and
agar shakes—are good visual indicators of oxygen tolerance
(aerotolerance) in microorganisms.

� Principle
Most microorganisms can survive within a range of envi-
ronmental conditions, but not surprisingly, tend to produce
growth with the greatest density in the areas where condi-
tions are most favorable. One important resource influencing
microbial growth is oxygen. Some organisms require oxygen
for their metabolic needs. Some other organisms are not
affected by it at all. Still other organisms cannot even survive
in its presence. This ability or inability to live in the presence
of oxygen is called aerotolerance.

Most growth media are sterilized in an autoclave during
preparation. This process not only kills unwanted microbes,
but also removes most of the free oxygen from the medium
as well. After the medium is removed from the autoclave
and allowed to cool, the oxygen begins to diffuse back in.
In tubed media (both liquid and solid) this process creates
a gradient of oxygen concentrations, ranging from aerobic
at the top, nearest the source of oxygen, to anaerobic at the
bottom. Because of microorganisms’ natural tendency to
proliferate where the oxygen concentration best suits their
metabolic needs, differing degrees of population density will
develop in the medium over time that can be used to visually
examine their aerotolerance.

Obligate (strict) aerobes, organisms that require oxygen
for respiration, grow at the top where oxygen is most plenti-
ful. Facultative anaerobes grow in the presence or absence of
oxygen. When oxygen is available, they respire aerobically.
When oxygen is not available, they either respire anaerobi-
cally (reducing sulfur or nitrate instead of oxygen) or ferment
an available substrate. Refer to the Appendix and Section 7
for more information on anaerobic respiration and fermenta-
tion. Where an oxygen gradient exists, facultative anaerobes
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philes, as the name suggests, survive only in environments
containing lower than atmospheric levels of oxygen. Some
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for which even small amounts of oxygen are lethal and,
therefore, will be seen only in the lower regions of the
medium, depending on how far into the medium the oxygen
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Agar deep stabs are prepared with Tryptic Soy Agar
(TSA) enriched with yeast extract to promote growth of a
broad range of organisms. Oxygen, which is removed from
the medium during preparation and autoclaving, immediately
begins to diffuse back in as the agar cools and solidifies.
This process creates a gradient of oxygen concentrations in
the medium, ranging from aerobic at the top to anaerobic at
the bottom.

Agar deeps are stab-inoculated with an inoculating
needle to introduce as little air as possible. The location of
growth that develops indicates the organism’s aerotolerance
(Figure 3-38).

Agar shakes are also prepared with enriched TSA, but
differ from agar deep stabs in that, after autoclaving, they
are cooled to 45°C and placed in a warm water bath until
time for inoculation. Agar shakes are inoculated in liquid
form, mixed gently to distribute the bacteria evenly through-
out the medium, and allowed to solidify. Like agar deep
stabs, the location of growth that develops in agar shakes
indicates the aerotolerance of the organism (Figure 3-39).
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provide these environments, three of which are covered in the
remainder of Section 3.

The anaerobic jar (Figure 3-40) is used to grow obligate
anaerobes and microaerophiles. Because it is the atmosphere
within the jar that is anaerobic, the jar can be incubated in a
normal incubator alongside aerobically grown cultures.

� Principle
Inoculated plates or tubes are placed in the jar and the
appropriate gas-generating sachet is activated. In the case
of the AnaerogenTM Gas Generating System by Oxoid,
simply opening the packet inside the jar and imme-
diately clamping the lid on the jar is all that is neces-
sary. Ascorbic acid in the packet reacts with free
oxygen and in turn releases CO2. Within 30 minutes,
the atmosphere inside the jar is less than 1% O2 and
between 9 and 13% CO2. A methylene blue (or some
other) indicator strip is also placed inside the jar. It
will turn blue if exposed to air, thus acting as a con-
trol to ensure anaerobic conditions have been pro-
duced. Figure 3-41 shows two plates inoculated with
the same organisms, but one was incubated anaero-
bically while the other was incubated aerobically.

The Oxoid CampygenTM sachet works in a simi-
lar way, but produces 5% O2, 10% CO2, and 85%
N2. It is designed for growing microaerophiles, such
as Campylobacter jejuni.

3-40 THE ANAEROBIC JAR
Note the sachet and the white
indicator strip inside the jar. The
sachet has performed properly,
reducing the oxygen level within
the jar to less than 1%, as evi-
denced by the indicator strip. If
the indicator were blue, it would
mean free oxygen remained in
the jar and the resulting growth
would be in question relative to
its ability to survive in anaerobic
conditions.

3-41 PLATES INCUBATED INSIDE AND OUTSIDE THE ANAEROBIC JAR
Both Nutrient Agar plates were inoculated with Staphylococcus aureus (top),
Pseudomonas aeruginosa (right), and Clostridium sporogenes (left). The plate
on the left was incubated aerobically outside the jar; the plate on the right was
incubated inside the anaerobic jar. Note the relative amounts of growth of the
three organisms.
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Cultivation of Anaerobes—Thioglycollate Broth

� Purpose
Fluid Thioglycollate Medium is a simple, inexpensive system
for cultivating small numbers of anaerobic or microaerophilic
bacteria. It is a liquid medium formulated to promote growth
of a wide variety of fastidious anaerobic and microaerophilic
microorganisms.

� Principle
Fluid Thioglycollate Medium is prepared as a
basic medium or with a variety of supplements,
depending on the specific needs of organisms
being cultivated. As such, it is appropriate for
a broad variety of aerobic and anaerobic,
fastidious and nonfastidious organisms. It is
particularly well adapted for cultivation of
strict anaerobes and microaerophiles.

Key components of the medium are yeast
extract, pancreatic digest of casein, dextrose,
sodium thioglycollate, L-cystine, and resazurin.
Yeast extract and pancreatic digest of casein
provide nutrients; sodium thioglycollate and L-
cystine reduce oxygen to water; and resazurin
(pink when oxidized, colorless when reduced)
acts as an indicator. A small amount of agar is
included to slow oxygen diffusion.

Oxygen is removed from the medium during autoclaving
but begins to diffuse back in as the tubes cool to room tem-
perature. This produces a gradient of concentrations from
fully aerobic at the top to anaerobic at the bottom. Thus,
fresh media will appear clear to straw colored with a pink

region at the top where the dye has become oxi-
dized (Figure 3-42). Figure 3-43 demonstrates some
basic bacterial growth patterns in the medium as
influenced by the oxygen gradient.

3-42 AEROBIC ZONE
IN THIOGLYCOLLATE
MEDIUM Note the
pink region in the top
(oxidized) portion of
the broth. The bottom
(reduced) portion of
the medium remains
colorless.

3-43 GROWTH PATTERNS IN THIOGLYCOLLATE MEDIUM
Growth patterns of a variety of organisms are shown in these
Fluid Thioglycollate Broths. Pictured from left to right are:
aerotolerant anaerobe, facultative anaerobe, strict anaerobe,
strict aerobe, and microaerophile. Compare these tubes with
the uninoculated broth in Figure 3-42.

Cultivation of Anaerobes—Cooked Meat Broth

� Purpose
The purpose of Cooked Meat Broth is to grow anaerobes, especially pathogenic
clostridia such as Clostridium perfringens, C. tetani, C. botulinum, and C. difficile.
Certain clostridia are proteolytic, whereas others are saccharolytic.

Because it is the medium that becomes anaerobic, these tubes can be incubated
in an aerobic incubator, thus eliminating the need for expensive equipment.

� Principle
Cooked Meat Broth (Figure 3-44) is a nutrient rich medium, with beef heart, peptone,
and dextrose acting as carbon and nitrogen sources. The beef heart is in the form of
meat particles, whereas the other ingredients are dissolved in the broth. Anaerobic
conditions occur as a result of several factors. One, cardiac muscle contains gluta-
thione, a tripeptide that can reduce free molecular oxygen in the medium. Two, the
meat is cooked prior to use. This denatures proteins and exposes their sulfhydryl
groups, which perform the same function—oxygen reduction. Lastly, the medium
with caps loosened is either incubated in an anaerobic jar for 24 hours to remove O2

or boiled to drive off the O2. Caps are immediately tightened to prevent the reentry
of O2. Blackening and disintegration of the meat particles indicate proteolytic growth.
Acid (not indicated directly) and gas production indicate saccharolytic growth.

3-44 COOKED MEAT BROTH The meat
particles are visible in each broth. From left
to right: Clostridium butyricum, uninocu-
lated, C. sporogenes. Blackening of the meat
particles by C. sporogenes is indicative of
proteolytic activity. C. butyricum grew, but
is not proteolytic.
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questions
 1 A description of colony morphology provides important information about an organism. What other colony 

features should you include?

 

 

 

 

 

 2 Three critical aspects of a description of bacterial growth are colony size, color, and shape. At least three 
other important factors—not descriptions of the organism itself—typically are included when describing  
bacterial growth. What are they and why are they important?
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questions
 1 Match the following:

    Filiform 1. Produces colored growth

    Spreading edge 2. Smooth texture with solid edge

    Transparent 3. Solid growth seeming to radiate outward

    Friable 4. Almost invisible, or easy to see light through

    Pigmented 5. Rough texture with crusty appearance

 2 List some reasons why growth characteristics are more useful on agar plates than on agar slants.

 

 

 

 

 

 

 

 3 Why are agar slants better suited than agar plates to maintain stock cultures?

 

 

 

 

 

 

 

 4 Suggest possible reasons for how temperature affects pigment production (as in Fig. 2.36).

 

 

 

 

 

 

 

2

MICROBIOLOGY: Laboratory Theory & Application78
62 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 161 63



questions
 1 Match the following:

    Flocculent a. Evenly cloudy throughout

    Sediment b. Growth at top around the edge

    Ring c. Growth on the bottom

    Pellicle d. Membrane at the top

    Uniform fine turbidity e. Suspended chunks or pieces

 2 What factors besides physical growth characteristics are important when recording data about an organism? 
Why?
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Bacterial Pathogens

Aeromonas hydrophila (Class Gammaproteobacteria) is a leech gut symbiont found in aquatic habi-
tats worldwide. It causes infections by colonizing leech bite wounds, open trauma wounds, or by
being ingested as a food or water contaminant. When ingested, it adheres to the intestinal mucous
membrane and produces an enterotoxin that causes acute watery diarrhea. When introduced
through a superficial wound, the organism may be contained locally or spread throughout sur-
rounding tissue in a condition called cellulitis. Rarely, when introduced through an open wound
(especially deep penetrating wounds) it can produce a gas gangrene-like infection called A. hy-
drophila myonecrosis. Both cellulitis and A. hydrophila myonecrosis can quickly lead to bacteremia
and systemic toxicity. Mortality rates are high among leukemia, lymphoma, and otherwise immuno-
suppressed patients following sepsis.

Differential Characteristics
A. hydrophila is a motile, facultatively anaerobic Gram-negative rod (Figures 12-1 and 12-2). It
ferments sucrose and mannitol, is positive for ONPG, indole, lysine decarboxylase, and esculin

Aeromonas hydrophila

12
S E C T I O N

133

12-1 GRAM STAIN OF AN AEROMONAS HYDRO-
PHILA STOCK CULTURE Cells can range in size from
1 µm or less wide and 1.0–3.5 µm long with rounded
ends.

12-2 AEROMONAS HYDROPHILA ON MACCONKEY
AGAR MacConkey Agar is typically used to identify coli-
forms—Gram-negative organisms that discolor the medium
and produce pink colonies. A. hydrophila can be distin-
guished by its lack of color.
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hydrolysis, and negative for ornithine decarboxylase.
Diagnostic procedures include Gram stain, aerobic and
anaerobic blood culture, stool culture, and wound culture.
A positive oxidase result helps differentiate it from enterics.

Treatment
Administration of third generation cephalosporins, fluoro-
quinolones, sulfamethoxazole, or trimethoprim.

134 � A Photographic Atlas for the Microbiology Laboratory

Bacillus anthracis
Since the September 11, 2001 terrorist attack on the World
Trade Center and the subsequent discovery of Bacillus
anthracis spores in mail and other locations, this organism
has received a great deal of attention. While that attention
is important and necessary, “weaponized” bacteria or other
microbes are not within the scope of this manual. When an
organism is grown and processed as a biological weapon its
effect on the population is dependent on innumerable vari-
ables such as strain, its current form and concentration, and
all circumstances surrounding its distribution. Under such
conditions the organism’s virulence is, at the very least,
unpredictable. Therefore, we discuss understood and
observable characteristics of “wild-type” organisms and
avoid speculating on the potential of man-made versions.

Bacillus anthracis (Phylum Firmicutes) causes anthrax
in animals (mostly herbivores) and, more rarely, in humans.
The intestinal tract of asymptomatic large animals is its
principal habitat; however, B. anthracis spores have been
known to remain viable in the soil for years. Three types of
anthrax occur in humans: cutaneous anthrax, inhalation
anthrax (“woolsorter’s disease”), and gastrointestinal
anthrax. The cutaneous and inhalation forms are most
frequently the result of contact with spores carried in wool
or goat hair; gastrointestinal disease usually results from the
consumption of contaminated meat.

Two virulence factors account for the organism’s patho-
genicity: 1) a capsule which enables it to survive phagocyto-
sis and disseminate via the bloodstream, and 2) secretion of
three exotoxins—edema toxin, lethal toxin, and protective
antigen. Protective antigen forms pores in the target cell’s
membrane, which allows entry of the other toxins. Edema
toxin is responsible for the necrotic lesions (eschars) sur-
rounded by large areas of swelling characteristic of cutaneous
anthrax. Lethal toxin is a protease that interferes with cyto-
kine production, neutrophil chemotaxis, and macrophage
survival—all of which compromise the immune system and
allow rapid multiplication of the pathogen. This is followed
by entry into the blood, producing bacteremia, shock, and
meningitis. [Note: Two plasmids—pOX1 and pOX2 are
responsible for toxin and capsule production respectively. In
addition, a product of pOX1 helps regulate capsule produc-
tion by pOX2. Yet, surprisingly, organisms missing pOX1
are nearly as virulent as unaltered organisms, which suggests
the possible presence of other undiscovered virulence factors.]

Differential Characteristics
B. anthracis is a facultatively anaerobic, nonmotile, encap-
sulated, endospore-forming, Gram-positive rod (Figures
12-3 and 12-4). It will not grow on phenylethyl alcohol
blood agar, is catalase-positive, and gelatinase-negative.

12-3 GRAM STAIN OF BACILLUS ANTHRACIS IN A MOUSE LIVER
BLOOD VESSEL Cells resemble Bacillus cereus and are approximately
1 µm wide by 3.0–5.0 µm long.

12-4 BACILLUS ANTHRACIS ON SHEEP BLOOD AGAR B. anthracis
typically produces large, gray, rough-textured colonies on Sheep Blood
Agar. It is nonhemolytic.
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Diagnostic procedures include Gram stain, endospore stain,
and aerobic culture.

Treatment
Penicillin is the traditional treatment for anthrax, although
B. anthracis has demonstrated susceptibility to a broad
variety of antibiotics. Recently however, the strains of
B. anthracis isolated from victims of the bioterrorist attacks
of 2001, although susceptible to penicillin and ampicillin,

demonstrated in vitro resistance to several previously effec-
tive antibiotics. Even more significantly, the organisms were
found to contain constitutive and inducible �-lactamases,
which could lead to penicillin resistance. (See �-lactamase
Test on page 59.) As a result, the CDC has advised against
the use of penicillin or ampicillin. Today the recommended
treatment is a sixty-day regimen of doxycycline or cipro-
floxacin (intravenous in severe cases) combined with a
second antibiotic.

SECTION 12 � Bacterial Pathogens � 135

Bacillus cereus
Bacillus cereus (Phylum Firmicutes) is the second of two
principal pathogens in the Bacillus genus (see B. anthracis,
page 134). It is responsible for two types of food poisoning
and severe ocular infections. The mechanism of ocular
infection is not well understood, but may be caused by
interaction of three toxins—necrotic toxin (heat-labile
enterotoxin), cereolysin (a powerful hemolysin), and phos-
pholipase C (a lecithinase). This rapidly destructive form
of infection is common among intravenous drug users,
immunosuppressed patients, and farmworkers following
eye trauma. Food poisoning from B. cereus presents in two
forms—emetic form and diarrheal form. The emetic form is
caused by heat-stable enterotoxin, appears one to six hours
after exposure, and typically lasts less than 24 hours. It
most frequently appears in cooked rice that has not been
properly refrigerated. The spores that survive the initial
cooking germinate and multiply rapidly, releasing toxin that
is not destroyed by further cooking. The diarrheal form,
caused by heat-labile enterotoxin, appears approximately
nine hours after exposure, and typically lasts 24 to 36 hours.
Foods that cause the diarrheal form are meat, vegetables,
and sauces.

Differential Characteristics
B. cereus is a motile, facultatively anaerobic, endospore-
forming, Gram-positive rod (Figures 12-5 and 12-6). It pro-
duces acid from glucose, maltose, and salicin fermentation,
and is lecithinase- and gelatinase-positive. Diagnostic proce-
dures include Gram stain and aerobic culture.

Treatment
Gastrointestinal disorders are not typically treated with
antibiotics. B. cereus is often resistant to �-lactam drugs
such as penicillin and cephalosporin. The recommended
treatment for ocular and other infections is vancomycin
by itself or in combination with an aminoglycoside such
as gentamicin, neomycin, or streptomycin.

12-5 GRAM STAIN OF A BACILLUS CEREUS STOCK CULTURE Rods
are approximately 1 µm wide by 3–5 µm long.

12-6 BACILLUS CEREUS ON SHEEP BLOOD AGAR Note the raised,
dull, gray colony morphology compared to B. anthracis colonies in
Figure 12-4.
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Treatment
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anthrax occur in humans: cutaneous anthrax, inhalation
anthrax (“woolsorter’s disease”), and gastrointestinal
anthrax. The cutaneous and inhalation forms are most
frequently the result of contact with spores carried in wool
or goat hair; gastrointestinal disease usually results from the
consumption of contaminated meat.

Two virulence factors account for the organism’s patho-
genicity: 1) a capsule which enables it to survive phagocyto-
sis and disseminate via the bloodstream, and 2) secretion of
three exotoxins—edema toxin, lethal toxin, and protective
antigen. Protective antigen forms pores in the target cell’s
membrane, which allows entry of the other toxins. Edema
toxin is responsible for the necrotic lesions (eschars) sur-
rounded by large areas of swelling characteristic of cutaneous
anthrax. Lethal toxin is a protease that interferes with cyto-
kine production, neutrophil chemotaxis, and macrophage
survival—all of which compromise the immune system and
allow rapid multiplication of the pathogen. This is followed
by entry into the blood, producing bacteremia, shock, and
meningitis. [Note: Two plasmids—pOX1 and pOX2 are
responsible for toxin and capsule production respectively. In
addition, a product of pOX1 helps regulate capsule produc-
tion by pOX2. Yet, surprisingly, organisms missing pOX1
are nearly as virulent as unaltered organisms, which suggests
the possible presence of other undiscovered virulence factors.]

Differential Characteristics
B. anthracis is a facultatively anaerobic, nonmotile, encap-
sulated, endospore-forming, Gram-positive rod (Figures
12-3 and 12-4). It will not grow on phenylethyl alcohol
blood agar, is catalase-positive, and gelatinase-negative.

12-3 GRAM STAIN OF BACILLUS ANTHRACIS IN A MOUSE LIVER
BLOOD VESSEL Cells resemble Bacillus cereus and are approximately
1 µm wide by 3.0–5.0 µm long.

12-4 BACILLUS ANTHRACIS ON SHEEP BLOOD AGAR B. anthracis
typically produces large, gray, rough-textured colonies on Sheep Blood
Agar. It is nonhemolytic.
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Diagnostic procedures include Gram stain, endospore stain,
and aerobic culture.

Treatment
Penicillin is the traditional treatment for anthrax, although
B. anthracis has demonstrated susceptibility to a broad
variety of antibiotics. Recently however, the strains of
B. anthracis isolated from victims of the bioterrorist attacks
of 2001, although susceptible to penicillin and ampicillin,

demonstrated in vitro resistance to several previously effec-
tive antibiotics. Even more significantly, the organisms were
found to contain constitutive and inducible �-lactamases,
which could lead to penicillin resistance. (See �-lactamase
Test on page 59.) As a result, the CDC has advised against
the use of penicillin or ampicillin. Today the recommended
treatment is a sixty-day regimen of doxycycline or cipro-
floxacin (intravenous in severe cases) combined with a
second antibiotic.

SECTION 12 � Bacterial Pathogens � 135

Bacillus cereus
Bacillus cereus (Phylum Firmicutes) is the second of two
principal pathogens in the Bacillus genus (see B. anthracis,
page 134). It is responsible for two types of food poisoning
and severe ocular infections. The mechanism of ocular
infection is not well understood, but may be caused by
interaction of three toxins—necrotic toxin (heat-labile
enterotoxin), cereolysin (a powerful hemolysin), and phos-
pholipase C (a lecithinase). This rapidly destructive form
of infection is common among intravenous drug users,
immunosuppressed patients, and farmworkers following
eye trauma. Food poisoning from B. cereus presents in two
forms—emetic form and diarrheal form. The emetic form is
caused by heat-stable enterotoxin, appears one to six hours
after exposure, and typically lasts less than 24 hours. It
most frequently appears in cooked rice that has not been
properly refrigerated. The spores that survive the initial
cooking germinate and multiply rapidly, releasing toxin that
is not destroyed by further cooking. The diarrheal form,
caused by heat-labile enterotoxin, appears approximately
nine hours after exposure, and typically lasts 24 to 36 hours.
Foods that cause the diarrheal form are meat, vegetables,
and sauces.

Differential Characteristics
B. cereus is a motile, facultatively anaerobic, endospore-
forming, Gram-positive rod (Figures 12-5 and 12-6). It pro-
duces acid from glucose, maltose, and salicin fermentation,
and is lecithinase- and gelatinase-positive. Diagnostic proce-
dures include Gram stain and aerobic culture.

Treatment
Gastrointestinal disorders are not typically treated with
antibiotics. B. cereus is often resistant to �-lactam drugs
such as penicillin and cephalosporin. The recommended
treatment for ocular and other infections is vancomycin
by itself or in combination with an aminoglycoside such
as gentamicin, neomycin, or streptomycin.

12-5 GRAM STAIN OF A BACILLUS CEREUS STOCK CULTURE Rods
are approximately 1 µm wide by 3–5 µm long.

12-6 BACILLUS CEREUS ON SHEEP BLOOD AGAR Note the raised,
dull, gray colony morphology compared to B. anthracis colonies in
Figure 12-4.
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hydrolysis, and negative for ornithine decarboxylase.
Diagnostic procedures include Gram stain, aerobic and
anaerobic blood culture, stool culture, and wound culture.
A positive oxidase result helps differentiate it from enterics.

Treatment
Administration of third generation cephalosporins, fluoro-
quinolones, sulfamethoxazole, or trimethoprim.

134 � A Photographic Atlas for the Microbiology Laboratory

Bacillus anthracis
Since the September 11, 2001 terrorist attack on the World
Trade Center and the subsequent discovery of Bacillus
anthracis spores in mail and other locations, this organism
has received a great deal of attention. While that attention
is important and necessary, “weaponized” bacteria or other
microbes are not within the scope of this manual. When an
organism is grown and processed as a biological weapon its
effect on the population is dependent on innumerable vari-
ables such as strain, its current form and concentration, and
all circumstances surrounding its distribution. Under such
conditions the organism’s virulence is, at the very least,
unpredictable. Therefore, we discuss understood and
observable characteristics of “wild-type” organisms and
avoid speculating on the potential of man-made versions.

Bacillus anthracis (Phylum Firmicutes) causes anthrax
in animals (mostly herbivores) and, more rarely, in humans.
The intestinal tract of asymptomatic large animals is its
principal habitat; however, B. anthracis spores have been
known to remain viable in the soil for years. Three types of
anthrax occur in humans: cutaneous anthrax, inhalation
anthrax (“woolsorter’s disease”), and gastrointestinal
anthrax. The cutaneous and inhalation forms are most
frequently the result of contact with spores carried in wool
or goat hair; gastrointestinal disease usually results from the
consumption of contaminated meat.

Two virulence factors account for the organism’s patho-
genicity: 1) a capsule which enables it to survive phagocyto-
sis and disseminate via the bloodstream, and 2) secretion of
three exotoxins—edema toxin, lethal toxin, and protective
antigen. Protective antigen forms pores in the target cell’s
membrane, which allows entry of the other toxins. Edema
toxin is responsible for the necrotic lesions (eschars) sur-
rounded by large areas of swelling characteristic of cutaneous
anthrax. Lethal toxin is a protease that interferes with cyto-
kine production, neutrophil chemotaxis, and macrophage
survival—all of which compromise the immune system and
allow rapid multiplication of the pathogen. This is followed
by entry into the blood, producing bacteremia, shock, and
meningitis. [Note: Two plasmids—pOX1 and pOX2 are
responsible for toxin and capsule production respectively. In
addition, a product of pOX1 helps regulate capsule produc-
tion by pOX2. Yet, surprisingly, organisms missing pOX1
are nearly as virulent as unaltered organisms, which suggests
the possible presence of other undiscovered virulence factors.]

Differential Characteristics
B. anthracis is a facultatively anaerobic, nonmotile, encap-
sulated, endospore-forming, Gram-positive rod (Figures
12-3 and 12-4). It will not grow on phenylethyl alcohol
blood agar, is catalase-positive, and gelatinase-negative.

12-3 GRAM STAIN OF BACILLUS ANTHRACIS IN A MOUSE LIVER
BLOOD VESSEL Cells resemble Bacillus cereus and are approximately
1 µm wide by 3.0–5.0 µm long.

12-4 BACILLUS ANTHRACIS ON SHEEP BLOOD AGAR B. anthracis
typically produces large, gray, rough-textured colonies on Sheep Blood
Agar. It is nonhemolytic.
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Diagnostic procedures include Gram stain, endospore stain,
and aerobic culture.

Treatment
Penicillin is the traditional treatment for anthrax, although
B. anthracis has demonstrated susceptibility to a broad
variety of antibiotics. Recently however, the strains of
B. anthracis isolated from victims of the bioterrorist attacks
of 2001, although susceptible to penicillin and ampicillin,

demonstrated in vitro resistance to several previously effec-
tive antibiotics. Even more significantly, the organisms were
found to contain constitutive and inducible �-lactamases,
which could lead to penicillin resistance. (See �-lactamase
Test on page 59.) As a result, the CDC has advised against
the use of penicillin or ampicillin. Today the recommended
treatment is a sixty-day regimen of doxycycline or cipro-
floxacin (intravenous in severe cases) combined with a
second antibiotic.

SECTION 12 � Bacterial Pathogens � 135

Bacillus cereus
Bacillus cereus (Phylum Firmicutes) is the second of two
principal pathogens in the Bacillus genus (see B. anthracis,
page 134). It is responsible for two types of food poisoning
and severe ocular infections. The mechanism of ocular
infection is not well understood, but may be caused by
interaction of three toxins—necrotic toxin (heat-labile
enterotoxin), cereolysin (a powerful hemolysin), and phos-
pholipase C (a lecithinase). This rapidly destructive form
of infection is common among intravenous drug users,
immunosuppressed patients, and farmworkers following
eye trauma. Food poisoning from B. cereus presents in two
forms—emetic form and diarrheal form. The emetic form is
caused by heat-stable enterotoxin, appears one to six hours
after exposure, and typically lasts less than 24 hours. It
most frequently appears in cooked rice that has not been
properly refrigerated. The spores that survive the initial
cooking germinate and multiply rapidly, releasing toxin that
is not destroyed by further cooking. The diarrheal form,
caused by heat-labile enterotoxin, appears approximately
nine hours after exposure, and typically lasts 24 to 36 hours.
Foods that cause the diarrheal form are meat, vegetables,
and sauces.

Differential Characteristics
B. cereus is a motile, facultatively anaerobic, endospore-
forming, Gram-positive rod (Figures 12-5 and 12-6). It pro-
duces acid from glucose, maltose, and salicin fermentation,
and is lecithinase- and gelatinase-positive. Diagnostic proce-
dures include Gram stain and aerobic culture.

Treatment
Gastrointestinal disorders are not typically treated with
antibiotics. B. cereus is often resistant to �-lactam drugs
such as penicillin and cephalosporin. The recommended
treatment for ocular and other infections is vancomycin
by itself or in combination with an aminoglycoside such
as gentamicin, neomycin, or streptomycin.

12-5 GRAM STAIN OF A BACILLUS CEREUS STOCK CULTURE Rods
are approximately 1 µm wide by 3–5 µm long.

12-6 BACILLUS CEREUS ON SHEEP BLOOD AGAR Note the raised,
dull, gray colony morphology compared to B. anthracis colonies in
Figure 12-4.
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hydrolysis, and negative for ornithine decarboxylase.
Diagnostic procedures include Gram stain, aerobic and
anaerobic blood culture, stool culture, and wound culture.
A positive oxidase result helps differentiate it from enterics.

Treatment
Administration of third generation cephalosporins, fluoro-
quinolones, sulfamethoxazole, or trimethoprim.

134 � A Photographic Atlas for the Microbiology Laboratory

Bacillus anthracis
Since the September 11, 2001 terrorist attack on the World
Trade Center and the subsequent discovery of Bacillus
anthracis spores in mail and other locations, this organism
has received a great deal of attention. While that attention
is important and necessary, “weaponized” bacteria or other
microbes are not within the scope of this manual. When an
organism is grown and processed as a biological weapon its
effect on the population is dependent on innumerable vari-
ables such as strain, its current form and concentration, and
all circumstances surrounding its distribution. Under such
conditions the organism’s virulence is, at the very least,
unpredictable. Therefore, we discuss understood and
observable characteristics of “wild-type” organisms and
avoid speculating on the potential of man-made versions.

Bacillus anthracis (Phylum Firmicutes) causes anthrax
in animals (mostly herbivores) and, more rarely, in humans.
The intestinal tract of asymptomatic large animals is its
principal habitat; however, B. anthracis spores have been
known to remain viable in the soil for years. Three types of
anthrax occur in humans: cutaneous anthrax, inhalation
anthrax (“woolsorter’s disease”), and gastrointestinal
anthrax. The cutaneous and inhalation forms are most
frequently the result of contact with spores carried in wool
or goat hair; gastrointestinal disease usually results from the
consumption of contaminated meat.

Two virulence factors account for the organism’s patho-
genicity: 1) a capsule which enables it to survive phagocyto-
sis and disseminate via the bloodstream, and 2) secretion of
three exotoxins—edema toxin, lethal toxin, and protective
antigen. Protective antigen forms pores in the target cell’s
membrane, which allows entry of the other toxins. Edema
toxin is responsible for the necrotic lesions (eschars) sur-
rounded by large areas of swelling characteristic of cutaneous
anthrax. Lethal toxin is a protease that interferes with cyto-
kine production, neutrophil chemotaxis, and macrophage
survival—all of which compromise the immune system and
allow rapid multiplication of the pathogen. This is followed
by entry into the blood, producing bacteremia, shock, and
meningitis. [Note: Two plasmids—pOX1 and pOX2 are
responsible for toxin and capsule production respectively. In
addition, a product of pOX1 helps regulate capsule produc-
tion by pOX2. Yet, surprisingly, organisms missing pOX1
are nearly as virulent as unaltered organisms, which suggests
the possible presence of other undiscovered virulence factors.]

Differential Characteristics
B. anthracis is a facultatively anaerobic, nonmotile, encap-
sulated, endospore-forming, Gram-positive rod (Figures
12-3 and 12-4). It will not grow on phenylethyl alcohol
blood agar, is catalase-positive, and gelatinase-negative.

12-3 GRAM STAIN OF BACILLUS ANTHRACIS IN A MOUSE LIVER
BLOOD VESSEL Cells resemble Bacillus cereus and are approximately
1 µm wide by 3.0–5.0 µm long.

12-4 BACILLUS ANTHRACIS ON SHEEP BLOOD AGAR B. anthracis
typically produces large, gray, rough-textured colonies on Sheep Blood
Agar. It is nonhemolytic.
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Diagnostic procedures include Gram stain, endospore stain,
and aerobic culture.

Treatment
Penicillin is the traditional treatment for anthrax, although
B. anthracis has demonstrated susceptibility to a broad
variety of antibiotics. Recently however, the strains of
B. anthracis isolated from victims of the bioterrorist attacks
of 2001, although susceptible to penicillin and ampicillin,

demonstrated in vitro resistance to several previously effec-
tive antibiotics. Even more significantly, the organisms were
found to contain constitutive and inducible �-lactamases,
which could lead to penicillin resistance. (See �-lactamase
Test on page 59.) As a result, the CDC has advised against
the use of penicillin or ampicillin. Today the recommended
treatment is a sixty-day regimen of doxycycline or cipro-
floxacin (intravenous in severe cases) combined with a
second antibiotic.

SECTION 12 � Bacterial Pathogens � 135

Bacillus cereus
Bacillus cereus (Phylum Firmicutes) is the second of two
principal pathogens in the Bacillus genus (see B. anthracis,
page 134). It is responsible for two types of food poisoning
and severe ocular infections. The mechanism of ocular
infection is not well understood, but may be caused by
interaction of three toxins—necrotic toxin (heat-labile
enterotoxin), cereolysin (a powerful hemolysin), and phos-
pholipase C (a lecithinase). This rapidly destructive form
of infection is common among intravenous drug users,
immunosuppressed patients, and farmworkers following
eye trauma. Food poisoning from B. cereus presents in two
forms—emetic form and diarrheal form. The emetic form is
caused by heat-stable enterotoxin, appears one to six hours
after exposure, and typically lasts less than 24 hours. It
most frequently appears in cooked rice that has not been
properly refrigerated. The spores that survive the initial
cooking germinate and multiply rapidly, releasing toxin that
is not destroyed by further cooking. The diarrheal form,
caused by heat-labile enterotoxin, appears approximately
nine hours after exposure, and typically lasts 24 to 36 hours.
Foods that cause the diarrheal form are meat, vegetables,
and sauces.

Differential Characteristics
B. cereus is a motile, facultatively anaerobic, endospore-
forming, Gram-positive rod (Figures 12-5 and 12-6). It pro-
duces acid from glucose, maltose, and salicin fermentation,
and is lecithinase- and gelatinase-positive. Diagnostic proce-
dures include Gram stain and aerobic culture.

Treatment
Gastrointestinal disorders are not typically treated with
antibiotics. B. cereus is often resistant to �-lactam drugs
such as penicillin and cephalosporin. The recommended
treatment for ocular and other infections is vancomycin
by itself or in combination with an aminoglycoside such
as gentamicin, neomycin, or streptomycin.

12-5 GRAM STAIN OF A BACILLUS CEREUS STOCK CULTURE Rods
are approximately 1 µm wide by 3–5 µm long.

12-6 BACILLUS CEREUS ON SHEEP BLOOD AGAR Note the raised,
dull, gray colony morphology compared to B. anthracis colonies in
Figure 12-4.
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Several Bacteroides species (Phylum Bacteroidetes) reside in
the human gastrointestinal tract and, to a lesser extent, in
the female genital tract. Normal stool contains 1011 cells per
gram, 1000 times greater than the facultative anaerobes!
Bacteroides fragilis is responsible for the majority of intra-
abdominal infections and is recovered from most other
human infections. It causes intra-abdominal abscesses (peri-
tonitis) and rarely lung abscesses. Intra-abdominal abscesses
usually result after spillage of intestinal contents into the
abdominal cavity from a ruptured appendix or a penetrating
wound. Lung abscesses are usually a consequence of aspira-
tion pneumonia and typically consist of a mixture of patho-
gens (polymicrobic) sometimes including B. fragilis and oral
streptococci.

Differential Characteristics
B. fragilis is a pleomorphic, encapsulated, nonmotile, an-
aerobic, Gram-negative rod (Figures 12-7 and 12-8). It varies
in size from 1.5 to 6 �m long. It does not ferment arabinose,

melezitose, or salicin, but grows well in the presence of 20%
bile, is indole-negative, and catalase-positive (unusual for an
anaerobe). Diagnostic procedures include Gram stain and
anaerobic culture.

Treatment
Administration of metronidazole, clindamycin, ampicillin
with sulbactam (a �-lactamase inhibitor), carbapenems,
cefotetan, cefoxitin, piperacillin with tazobactam sodium,
or ticarcillin with clavulanate potassium.

136 � A Photographic Atlas for the Microbiology Laboratory

Bacteroides fragilis

12-7 GRAM STAIN OF A BACTEROIDES FRAGILIS STOCK CULTURE
Note the variable lengths (typically between 1.5 and 6 µm).

12-8 BACTEROIDES FRAGILIS GROWING ON BACTEROIDES BILE
ESCULIN AGAR Note the darkening of the medium due to the re-
action of esculin breakdown products with ferric ammonium citrate.
For more information on Bile Esculin Agar, refer to Section 7.

Bordetella pertussis
Bordetella pertussis (Class Betaproteobacteria) is the cause of
the disease known as pertussis or “whooping cough,” char-
acterized by violent coughing, vomiting, and gasping for
breath. It can infect anyone with no immunity or diminished
immunity, but is most severe and communicable among
infants less than one year of age. Humans are the exclusive
host of this organism, and asymptomatic or unrecognized
symptomatic adults are the likely reservoirs. This highly
communicable organism infects greater than 90% of un-
immunized people exposed. The bacteria enter the mouth
or nasopharynx as aerosols then attach themselves to the
respiratory cilia. Although the active disease caused by

B. pertussis appears to be a superficial infection, it secretes
an array of virulence factors that destroy the underlying
epithelial tissue and act to impair the body’s natural defenses.

Differential Characteristics
B. pertussis is a small, nonmotile, obligately aerobic, Gram-
negative coccobacillus (Figures 12-9 and 12-10). It is
oxidase-positive, urease-negative, and nitrate-negative.
Diagnostic procedures include polymerase chain reaction
(PCR—page 111), direct fluorescent antibody (DFA—page
105), nasopharyngeal culture, and enzyme-linked immuno-
sorbent assay (ELISA—page 103).

133-164 Section 12 12/15/10 11:29 AM Page 136

Treatment
Antibiotic treatment is primarily erythromycin, but also
azithromycin, clarithromycin, tetracycline, sulfamethoxazole
with trimethoprim, and chloramphenicol. But, the best treat-
ment is immunization with 5 doses of pertussis vaccine—one at
2, 4, and 6 months of age, again at 15–18 months, and a final
dose prior to entering school.

SECTION 12 � Bacterial Pathogens � 137

12-9 GRAM STAIN OF A BORDETELLA PERTUSSIS STOCK CULTURE These
minute coccobacilli are usually arranged singly or in pairs and exhibit bipolar
staining. They can range in size from 0.2–0.5 µm wide by 0.5–1.0 µm in length.

12-10 BORDETELLA PERTUSSIS GROWING ON REGAN-LOWE
AGAR Regan-Lowe Agar is a selective medium designed to
isolate B. pertussis and B. parapertussis from clinical specimens.

Borrelia burgdorferi
Borrelia burgdorferi (Phylum Spirochaetes) causes Lyme
borreliosis, more commonly called Lyme disease because the
first reported case occurred in 1977 in Lyme, Connecticut.
B. burgdorferi was isolated in 1982 and thought to be the
sole infective agent in the disease. Subsequent studies, how-
ever, have implicated at least 9 other Borrelia species.

Lyme disease is transmitted by two tick species from
genus Ixodes—I. dammini and I. pacificus. It is estimated
that from 30% to 75% of I. dammini carry the organism,
which suggests why Lyme disease is the most common
vector-borne illness in the United States. Disease carrying
ticks reside most commonly in coastal wooded areas
inhabited by white-footed mice and white-tailed deer. Nine
states (California, Connecticut, Rhode Island, New Jersey,
Pennsylvania, Minnesota, Wisconsin, Massachusetts, and
New York) have reported 90% of all cases in the country.

Lyme borreliosis is characterized by three distinct stages:
Stage 1. Localized, but expanding (erythema migrans), skin
lesion accompanied by headache, fatigue, and malaise;
Stage 2. Weeks to months later, the inflammation and pain
become generalized with the possible development of

meningoencephalitis or myocarditis; Stage 3. After months
or even years of latency the infection becomes chronic,
producing severe headaches, muscle and joint pain, and
secondary skin lesions.

Differential Characteristics
Borrelia burgdorferi is a motile, microaerophilic, Gram-
negative, spirochete (Figure 12-11). The B. burgdorferi
population in infected sites is low, so lab cultures are rarely
positive. In their place, serological tests are used. An indirect
enzyme-linked immunosorbent assay (ELISA—page 103),
detects patient Igm and IgG targeting the spirochaete. A
Western blot test (page 106) has higher specificity and is
used to confirm positive ELISA tests. False negative ELISAs
may result from a late rise in IgG just under half the patients
and from the effect of antibiotic treatment.

Treatment
Administration of amoxicillin, deoxycycline, or cefuroxime.

133-164 Section 12 12/15/10 11:30 AM Page 137

Several Bacteroides species (Phylum Bacteroidetes) reside in
the human gastrointestinal tract and, to a lesser extent, in
the female genital tract. Normal stool contains 1011 cells per
gram, 1000 times greater than the facultative anaerobes!
Bacteroides fragilis is responsible for the majority of intra-
abdominal infections and is recovered from most other
human infections. It causes intra-abdominal abscesses (peri-
tonitis) and rarely lung abscesses. Intra-abdominal abscesses
usually result after spillage of intestinal contents into the
abdominal cavity from a ruptured appendix or a penetrating
wound. Lung abscesses are usually a consequence of aspira-
tion pneumonia and typically consist of a mixture of patho-
gens (polymicrobic) sometimes including B. fragilis and oral
streptococci.

Differential Characteristics
B. fragilis is a pleomorphic, encapsulated, nonmotile, an-
aerobic, Gram-negative rod (Figures 12-7 and 12-8). It varies
in size from 1.5 to 6 �m long. It does not ferment arabinose,

melezitose, or salicin, but grows well in the presence of 20%
bile, is indole-negative, and catalase-positive (unusual for an
anaerobe). Diagnostic procedures include Gram stain and
anaerobic culture.

Treatment
Administration of metronidazole, clindamycin, ampicillin
with sulbactam (a �-lactamase inhibitor), carbapenems,
cefotetan, cefoxitin, piperacillin with tazobactam sodium,
or ticarcillin with clavulanate potassium.

136 � A Photographic Atlas for the Microbiology Laboratory

Bacteroides fragilis

12-7 GRAM STAIN OF A BACTEROIDES FRAGILIS STOCK CULTURE
Note the variable lengths (typically between 1.5 and 6 µm).

12-8 BACTEROIDES FRAGILIS GROWING ON BACTEROIDES BILE
ESCULIN AGAR Note the darkening of the medium due to the re-
action of esculin breakdown products with ferric ammonium citrate.
For more information on Bile Esculin Agar, refer to Section 7.

Bordetella pertussis
Bordetella pertussis (Class Betaproteobacteria) is the cause of
the disease known as pertussis or “whooping cough,” char-
acterized by violent coughing, vomiting, and gasping for
breath. It can infect anyone with no immunity or diminished
immunity, but is most severe and communicable among
infants less than one year of age. Humans are the exclusive
host of this organism, and asymptomatic or unrecognized
symptomatic adults are the likely reservoirs. This highly
communicable organism infects greater than 90% of un-
immunized people exposed. The bacteria enter the mouth
or nasopharynx as aerosols then attach themselves to the
respiratory cilia. Although the active disease caused by

B. pertussis appears to be a superficial infection, it secretes
an array of virulence factors that destroy the underlying
epithelial tissue and act to impair the body’s natural defenses.

Differential Characteristics
B. pertussis is a small, nonmotile, obligately aerobic, Gram-
negative coccobacillus (Figures 12-9 and 12-10). It is
oxidase-positive, urease-negative, and nitrate-negative.
Diagnostic procedures include polymerase chain reaction
(PCR—page 111), direct fluorescent antibody (DFA—page
105), nasopharyngeal culture, and enzyme-linked immuno-
sorbent assay (ELISA—page 103).
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Treatment
Antibiotic treatment is primarily erythromycin, but also
azithromycin, clarithromycin, tetracycline, sulfamethoxazole
with trimethoprim, and chloramphenicol. But, the best treat-
ment is immunization with 5 doses of pertussis vaccine—one at
2, 4, and 6 months of age, again at 15–18 months, and a final
dose prior to entering school.

SECTION 12 � Bacterial Pathogens � 137

12-9 GRAM STAIN OF A BORDETELLA PERTUSSIS STOCK CULTURE These
minute coccobacilli are usually arranged singly or in pairs and exhibit bipolar
staining. They can range in size from 0.2–0.5 µm wide by 0.5–1.0 µm in length.

12-10 BORDETELLA PERTUSSIS GROWING ON REGAN-LOWE
AGAR Regan-Lowe Agar is a selective medium designed to
isolate B. pertussis and B. parapertussis from clinical specimens.

Borrelia burgdorferi
Borrelia burgdorferi (Phylum Spirochaetes) causes Lyme
borreliosis, more commonly called Lyme disease because the
first reported case occurred in 1977 in Lyme, Connecticut.
B. burgdorferi was isolated in 1982 and thought to be the
sole infective agent in the disease. Subsequent studies, how-
ever, have implicated at least 9 other Borrelia species.

Lyme disease is transmitted by two tick species from
genus Ixodes—I. dammini and I. pacificus. It is estimated
that from 30% to 75% of I. dammini carry the organism,
which suggests why Lyme disease is the most common
vector-borne illness in the United States. Disease carrying
ticks reside most commonly in coastal wooded areas
inhabited by white-footed mice and white-tailed deer. Nine
states (California, Connecticut, Rhode Island, New Jersey,
Pennsylvania, Minnesota, Wisconsin, Massachusetts, and
New York) have reported 90% of all cases in the country.

Lyme borreliosis is characterized by three distinct stages:
Stage 1. Localized, but expanding (erythema migrans), skin
lesion accompanied by headache, fatigue, and malaise;
Stage 2. Weeks to months later, the inflammation and pain
become generalized with the possible development of

meningoencephalitis or myocarditis; Stage 3. After months
or even years of latency the infection becomes chronic,
producing severe headaches, muscle and joint pain, and
secondary skin lesions.

Differential Characteristics
Borrelia burgdorferi is a motile, microaerophilic, Gram-
negative, spirochete (Figure 12-11). The B. burgdorferi
population in infected sites is low, so lab cultures are rarely
positive. In their place, serological tests are used. An indirect
enzyme-linked immunosorbent assay (ELISA—page 103),
detects patient Igm and IgG targeting the spirochaete. A
Western blot test (page 106) has higher specificity and is
used to confirm positive ELISA tests. False negative ELISAs
may result from a late rise in IgG just under half the patients
and from the effect of antibiotic treatment.

Treatment
Administration of amoxicillin, deoxycycline, or cefuroxime.
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Several Bacteroides species (Phylum Bacteroidetes) reside in
the human gastrointestinal tract and, to a lesser extent, in
the female genital tract. Normal stool contains 1011 cells per
gram, 1000 times greater than the facultative anaerobes!
Bacteroides fragilis is responsible for the majority of intra-
abdominal infections and is recovered from most other
human infections. It causes intra-abdominal abscesses (peri-
tonitis) and rarely lung abscesses. Intra-abdominal abscesses
usually result after spillage of intestinal contents into the
abdominal cavity from a ruptured appendix or a penetrating
wound. Lung abscesses are usually a consequence of aspira-
tion pneumonia and typically consist of a mixture of patho-
gens (polymicrobic) sometimes including B. fragilis and oral
streptococci.

Differential Characteristics
B. fragilis is a pleomorphic, encapsulated, nonmotile, an-
aerobic, Gram-negative rod (Figures 12-7 and 12-8). It varies
in size from 1.5 to 6 �m long. It does not ferment arabinose,

melezitose, or salicin, but grows well in the presence of 20%
bile, is indole-negative, and catalase-positive (unusual for an
anaerobe). Diagnostic procedures include Gram stain and
anaerobic culture.

Treatment
Administration of metronidazole, clindamycin, ampicillin
with sulbactam (a �-lactamase inhibitor), carbapenems,
cefotetan, cefoxitin, piperacillin with tazobactam sodium,
or ticarcillin with clavulanate potassium.

136 � A Photographic Atlas for the Microbiology Laboratory

Bacteroides fragilis

12-7 GRAM STAIN OF A BACTEROIDES FRAGILIS STOCK CULTURE
Note the variable lengths (typically between 1.5 and 6 µm).

12-8 BACTEROIDES FRAGILIS GROWING ON BACTEROIDES BILE
ESCULIN AGAR Note the darkening of the medium due to the re-
action of esculin breakdown products with ferric ammonium citrate.
For more information on Bile Esculin Agar, refer to Section 7.

Bordetella pertussis
Bordetella pertussis (Class Betaproteobacteria) is the cause of
the disease known as pertussis or “whooping cough,” char-
acterized by violent coughing, vomiting, and gasping for
breath. It can infect anyone with no immunity or diminished
immunity, but is most severe and communicable among
infants less than one year of age. Humans are the exclusive
host of this organism, and asymptomatic or unrecognized
symptomatic adults are the likely reservoirs. This highly
communicable organism infects greater than 90% of un-
immunized people exposed. The bacteria enter the mouth
or nasopharynx as aerosols then attach themselves to the
respiratory cilia. Although the active disease caused by

B. pertussis appears to be a superficial infection, it secretes
an array of virulence factors that destroy the underlying
epithelial tissue and act to impair the body’s natural defenses.

Differential Characteristics
B. pertussis is a small, nonmotile, obligately aerobic, Gram-
negative coccobacillus (Figures 12-9 and 12-10). It is
oxidase-positive, urease-negative, and nitrate-negative.
Diagnostic procedures include polymerase chain reaction
(PCR—page 111), direct fluorescent antibody (DFA—page
105), nasopharyngeal culture, and enzyme-linked immuno-
sorbent assay (ELISA—page 103).
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Treatment
Antibiotic treatment is primarily erythromycin, but also
azithromycin, clarithromycin, tetracycline, sulfamethoxazole
with trimethoprim, and chloramphenicol. But, the best treat-
ment is immunization with 5 doses of pertussis vaccine—one at
2, 4, and 6 months of age, again at 15–18 months, and a final
dose prior to entering school.

SECTION 12 � Bacterial Pathogens � 137

12-9 GRAM STAIN OF A BORDETELLA PERTUSSIS STOCK CULTURE These
minute coccobacilli are usually arranged singly or in pairs and exhibit bipolar
staining. They can range in size from 0.2–0.5 µm wide by 0.5–1.0 µm in length.

12-10 BORDETELLA PERTUSSIS GROWING ON REGAN-LOWE
AGAR Regan-Lowe Agar is a selective medium designed to
isolate B. pertussis and B. parapertussis from clinical specimens.

Borrelia burgdorferi
Borrelia burgdorferi (Phylum Spirochaetes) causes Lyme
borreliosis, more commonly called Lyme disease because the
first reported case occurred in 1977 in Lyme, Connecticut.
B. burgdorferi was isolated in 1982 and thought to be the
sole infective agent in the disease. Subsequent studies, how-
ever, have implicated at least 9 other Borrelia species.

Lyme disease is transmitted by two tick species from
genus Ixodes—I. dammini and I. pacificus. It is estimated
that from 30% to 75% of I. dammini carry the organism,
which suggests why Lyme disease is the most common
vector-borne illness in the United States. Disease carrying
ticks reside most commonly in coastal wooded areas
inhabited by white-footed mice and white-tailed deer. Nine
states (California, Connecticut, Rhode Island, New Jersey,
Pennsylvania, Minnesota, Wisconsin, Massachusetts, and
New York) have reported 90% of all cases in the country.

Lyme borreliosis is characterized by three distinct stages:
Stage 1. Localized, but expanding (erythema migrans), skin
lesion accompanied by headache, fatigue, and malaise;
Stage 2. Weeks to months later, the inflammation and pain
become generalized with the possible development of

meningoencephalitis or myocarditis; Stage 3. After months
or even years of latency the infection becomes chronic,
producing severe headaches, muscle and joint pain, and
secondary skin lesions.

Differential Characteristics
Borrelia burgdorferi is a motile, microaerophilic, Gram-
negative, spirochete (Figure 12-11). The B. burgdorferi
population in infected sites is low, so lab cultures are rarely
positive. In their place, serological tests are used. An indirect
enzyme-linked immunosorbent assay (ELISA—page 103),
detects patient Igm and IgG targeting the spirochaete. A
Western blot test (page 106) has higher specificity and is
used to confirm positive ELISA tests. False negative ELISAs
may result from a late rise in IgG just under half the patients
and from the effect of antibiotic treatment.

Treatment
Administration of amoxicillin, deoxycycline, or cefuroxime.
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138 � A Photographic Atlas for the Microbiology Laboratory

12-11 GIEMSA STAIN OF BORRELIA
BURGDORFERI IN BLOOD Although this
organism is Gram-negative, it is best observed
using Giemsa Stain. Note the red blood cells.

Brucella melitensis
Brucella melitensis (Class Alphaproteobacteria), the most
virulent species of the genus Brucella, is a small, non-
motile, aerobic, Gram-negative coccobacillus. Although
most brucellae cause brucellosis (sometimes called
undulant fever), B. melitensis is responsible for the most
severe symptoms. Each of the infective agents of bru-
cellosis has a domestic animal reservoir: B. melitensis
(goats and sheep), B. abortus (cattle), B. suis (swine), and
B. canis (dogs). Each organism has a different carrier, but
all infect humans in three principal ways: ingestion, direct
contact through abraded skin, or inhalation. The most
common form in the United States is from ingestion of
contaminated unpasteurized milk or other dairy products.
B. melitensis resists the body’s defense system because it
is an intracellular parasite—it actually lives and multiplies
inside macrophages. It travels throughout the body by way of
the circulatory system, multiplying inside of and destroying host
phagocytic cells, thus releasing more bacteria to continue the
cycle. The result is granuloma formation and tissue destruction
in the lymph nodes, bone marrow, kidneys, liver, and spleen.

Differential Characteristics
Brucella species can be preliminarily identified by cell and
colony morphology, and growth characteristics in special
Brucella media containing blood and antibiotics (Figures 12-12
and 12-13). Diagnostic procedures include Brucella blood cul-
ture, anaerobic culture, and Gram stain. A serum agglutination
test (SAT—page 101) using B. melitensis-specific serum is used
to confirm identification, as is an indirect ELISA (page 103).

Treatment
Administration of doxycycline in combination with rifampin or
sulfamethoxazole and trimethoprim used in combination with
rifampin.

12-12 GRAM STAIN OF A BRUCELLA MELITENSIS STOCK CULTURE Cells
are coccobacilli 0.5 µm wide by 0.6–1.7 µm long. Usually arranged singly,
these poorly staining cells were counterstained for 5 minutes to darken the
cells for photographic purposes.

12-13 BRUCELLA MELITENSIS GROWING ON SHEEP BLOOD
AGAR
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Campylobacter jejuni (Class Epsilonproteobacteria) is
a common, worldwide human pathogen usually found
in chickens, but also isolated from house pets, domes-
tic animals, and waterfowl. It is estimated to cause
more than 2 million cases of gastroenteritis each year
in the United States. To put this number in perspective,
C. jejuni-caused gastroenteritis is more common than
that caused by Salmonella and Shigella combined!

Transmission of the disease is usually by ingestion
of raw milk, undercooked poultry or meat, or contam-
inated water. Once inside the small intestine the organ-
ism corkscrews into the mucous layer, multiplies, and
secretes a cholera-like enterotoxin that causes watery
diarrhea. In most cases the infection is self-limiting and
the diarrhea ends after a few days. Some strains, how-
ever, may secrete a cytotoxin that destroys local cells
and causes bloody diarrhea. Dissemination by the
bloodstream may result in salmonellosis-like enteritis and
extraintestinal infection. In recent years, this organism has been
implicated in a variety of infections including septic arthritis,
meningitis, proctocolitis, spontaneous abortion, and Guillain-
Barré syndrome, a degenerative nerve disorder.

Differential Characteristics
C. jejuni is a motile, microaerophilic, capnophilic (requires 5%
to 10% CO2), nonsporing, Gram-negative helical or curved rod.
Cells sometimes appear as “S” or “gull wing” shapes (Figure
12-14). It reduces nitrate to nitrite and hydrolyzes hippurate.
Diagnostic procedures include aerobic and anaerobic blood
culture, and stool culture (Figure 12-15).

Treatment
The infection typically resolves on its own, but the antibiotics
azithromycin, ciprofloxacin, erythromycin, doxycycline, or
fluoroquinolones may be used.

SECTION 12 � Bacterial Pathogens � 139

12-14 GRAM STAIN OF A CAMPYLOBACTER JEJUNI STOCK CULTURE Note
the characteristic “S” and “gull wing” shapes of the paired organisms.

12-15 CAMPYLOBACTER JEJUNI ON SHEEP BLOOD AGAR

Campylobacter jejuni

Citrobacter spp.
Species in the genus Citrobacter (Class Gammaproteobacteria)
live almost exclusively in the human lower intestine. Unlike
other members of the family Enterobacteriaceae, many of
whom live freely outside a human host, presence of Citro-
bacter in the environment almost certainly suggests fecal
contamination. Citrobacter species are potent opportunistic
pathogens. They rarely cause disease in healthy people, but
are significant agents of respiratory and urinary nosocomial

infections, hospital-acquired bacteremia, and neonatal
meningitis. Virulence factors include an enterotoxin and
lipopolysaccharide outer membrane believed to mediate
the “sepsis syndrome,” including fever, leucopenia, and
“disseminated intravascular coagulation.” Sepsis involving
Citrobacter spp. is usually polymicrobic whereas urinary
infections and pneumonia tend to be monomicrobic, yielding
pure cultures upon examination.

133-164 Section 12 12/15/10 11:30 AM Page 139

138 � A Photographic Atlas for the Microbiology Laboratory

12-11 GIEMSA STAIN OF BORRELIA
BURGDORFERI IN BLOOD Although this
organism is Gram-negative, it is best observed
using Giemsa Stain. Note the red blood cells.

Brucella melitensis
Brucella melitensis (Class Alphaproteobacteria), the most
virulent species of the genus Brucella, is a small, non-
motile, aerobic, Gram-negative coccobacillus. Although
most brucellae cause brucellosis (sometimes called
undulant fever), B. melitensis is responsible for the most
severe symptoms. Each of the infective agents of bru-
cellosis has a domestic animal reservoir: B. melitensis
(goats and sheep), B. abortus (cattle), B. suis (swine), and
B. canis (dogs). Each organism has a different carrier, but
all infect humans in three principal ways: ingestion, direct
contact through abraded skin, or inhalation. The most
common form in the United States is from ingestion of
contaminated unpasteurized milk or other dairy products.
B. melitensis resists the body’s defense system because it
is an intracellular parasite—it actually lives and multiplies
inside macrophages. It travels throughout the body by way of
the circulatory system, multiplying inside of and destroying host
phagocytic cells, thus releasing more bacteria to continue the
cycle. The result is granuloma formation and tissue destruction
in the lymph nodes, bone marrow, kidneys, liver, and spleen.

Differential Characteristics
Brucella species can be preliminarily identified by cell and
colony morphology, and growth characteristics in special
Brucella media containing blood and antibiotics (Figures 12-12
and 12-13). Diagnostic procedures include Brucella blood cul-
ture, anaerobic culture, and Gram stain. A serum agglutination
test (SAT—page 101) using B. melitensis-specific serum is used
to confirm identification, as is an indirect ELISA (page 103).

Treatment
Administration of doxycycline in combination with rifampin or
sulfamethoxazole and trimethoprim used in combination with
rifampin.

12-12 GRAM STAIN OF A BRUCELLA MELITENSIS STOCK CULTURE Cells
are coccobacilli 0.5 µm wide by 0.6–1.7 µm long. Usually arranged singly,
these poorly staining cells were counterstained for 5 minutes to darken the
cells for photographic purposes.

12-13 BRUCELLA MELITENSIS GROWING ON SHEEP BLOOD
AGAR
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Campylobacter jejuni (Class Epsilonproteobacteria) is
a common, worldwide human pathogen usually found
in chickens, but also isolated from house pets, domes-
tic animals, and waterfowl. It is estimated to cause
more than 2 million cases of gastroenteritis each year
in the United States. To put this number in perspective,
C. jejuni-caused gastroenteritis is more common than
that caused by Salmonella and Shigella combined!

Transmission of the disease is usually by ingestion
of raw milk, undercooked poultry or meat, or contam-
inated water. Once inside the small intestine the organ-
ism corkscrews into the mucous layer, multiplies, and
secretes a cholera-like enterotoxin that causes watery
diarrhea. In most cases the infection is self-limiting and
the diarrhea ends after a few days. Some strains, how-
ever, may secrete a cytotoxin that destroys local cells
and causes bloody diarrhea. Dissemination by the
bloodstream may result in salmonellosis-like enteritis and
extraintestinal infection. In recent years, this organism has been
implicated in a variety of infections including septic arthritis,
meningitis, proctocolitis, spontaneous abortion, and Guillain-
Barré syndrome, a degenerative nerve disorder.

Differential Characteristics
C. jejuni is a motile, microaerophilic, capnophilic (requires 5%
to 10% CO2), nonsporing, Gram-negative helical or curved rod.
Cells sometimes appear as “S” or “gull wing” shapes (Figure
12-14). It reduces nitrate to nitrite and hydrolyzes hippurate.
Diagnostic procedures include aerobic and anaerobic blood
culture, and stool culture (Figure 12-15).

Treatment
The infection typically resolves on its own, but the antibiotics
azithromycin, ciprofloxacin, erythromycin, doxycycline, or
fluoroquinolones may be used.

SECTION 12 � Bacterial Pathogens � 139

12-14 GRAM STAIN OF A CAMPYLOBACTER JEJUNI STOCK CULTURE Note
the characteristic “S” and “gull wing” shapes of the paired organisms.

12-15 CAMPYLOBACTER JEJUNI ON SHEEP BLOOD AGAR

Campylobacter jejuni

Citrobacter spp.
Species in the genus Citrobacter (Class Gammaproteobacteria)
live almost exclusively in the human lower intestine. Unlike
other members of the family Enterobacteriaceae, many of
whom live freely outside a human host, presence of Citro-
bacter in the environment almost certainly suggests fecal
contamination. Citrobacter species are potent opportunistic
pathogens. They rarely cause disease in healthy people, but
are significant agents of respiratory and urinary nosocomial

infections, hospital-acquired bacteremia, and neonatal
meningitis. Virulence factors include an enterotoxin and
lipopolysaccharide outer membrane believed to mediate
the “sepsis syndrome,” including fever, leucopenia, and
“disseminated intravascular coagulation.” Sepsis involving
Citrobacter spp. is usually polymicrobic whereas urinary
infections and pneumonia tend to be monomicrobic, yielding
pure cultures upon examination.
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138 � A Photographic Atlas for the Microbiology Laboratory

12-11 GIEMSA STAIN OF BORRELIA
BURGDORFERI IN BLOOD Although this
organism is Gram-negative, it is best observed
using Giemsa Stain. Note the red blood cells.

Brucella melitensis
Brucella melitensis (Class Alphaproteobacteria), the most
virulent species of the genus Brucella, is a small, non-
motile, aerobic, Gram-negative coccobacillus. Although
most brucellae cause brucellosis (sometimes called
undulant fever), B. melitensis is responsible for the most
severe symptoms. Each of the infective agents of bru-
cellosis has a domestic animal reservoir: B. melitensis
(goats and sheep), B. abortus (cattle), B. suis (swine), and
B. canis (dogs). Each organism has a different carrier, but
all infect humans in three principal ways: ingestion, direct
contact through abraded skin, or inhalation. The most
common form in the United States is from ingestion of
contaminated unpasteurized milk or other dairy products.
B. melitensis resists the body’s defense system because it
is an intracellular parasite—it actually lives and multiplies
inside macrophages. It travels throughout the body by way of
the circulatory system, multiplying inside of and destroying host
phagocytic cells, thus releasing more bacteria to continue the
cycle. The result is granuloma formation and tissue destruction
in the lymph nodes, bone marrow, kidneys, liver, and spleen.

Differential Characteristics
Brucella species can be preliminarily identified by cell and
colony morphology, and growth characteristics in special
Brucella media containing blood and antibiotics (Figures 12-12
and 12-13). Diagnostic procedures include Brucella blood cul-
ture, anaerobic culture, and Gram stain. A serum agglutination
test (SAT—page 101) using B. melitensis-specific serum is used
to confirm identification, as is an indirect ELISA (page 103).

Treatment
Administration of doxycycline in combination with rifampin or
sulfamethoxazole and trimethoprim used in combination with
rifampin.

12-12 GRAM STAIN OF A BRUCELLA MELITENSIS STOCK CULTURE Cells
are coccobacilli 0.5 µm wide by 0.6–1.7 µm long. Usually arranged singly,
these poorly staining cells were counterstained for 5 minutes to darken the
cells for photographic purposes.

12-13 BRUCELLA MELITENSIS GROWING ON SHEEP BLOOD
AGAR
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Campylobacter jejuni (Class Epsilonproteobacteria) is
a common, worldwide human pathogen usually found
in chickens, but also isolated from house pets, domes-
tic animals, and waterfowl. It is estimated to cause
more than 2 million cases of gastroenteritis each year
in the United States. To put this number in perspective,
C. jejuni-caused gastroenteritis is more common than
that caused by Salmonella and Shigella combined!

Transmission of the disease is usually by ingestion
of raw milk, undercooked poultry or meat, or contam-
inated water. Once inside the small intestine the organ-
ism corkscrews into the mucous layer, multiplies, and
secretes a cholera-like enterotoxin that causes watery
diarrhea. In most cases the infection is self-limiting and
the diarrhea ends after a few days. Some strains, how-
ever, may secrete a cytotoxin that destroys local cells
and causes bloody diarrhea. Dissemination by the
bloodstream may result in salmonellosis-like enteritis and
extraintestinal infection. In recent years, this organism has been
implicated in a variety of infections including septic arthritis,
meningitis, proctocolitis, spontaneous abortion, and Guillain-
Barré syndrome, a degenerative nerve disorder.

Differential Characteristics
C. jejuni is a motile, microaerophilic, capnophilic (requires 5%
to 10% CO2), nonsporing, Gram-negative helical or curved rod.
Cells sometimes appear as “S” or “gull wing” shapes (Figure
12-14). It reduces nitrate to nitrite and hydrolyzes hippurate.
Diagnostic procedures include aerobic and anaerobic blood
culture, and stool culture (Figure 12-15).

Treatment
The infection typically resolves on its own, but the antibiotics
azithromycin, ciprofloxacin, erythromycin, doxycycline, or
fluoroquinolones may be used.

SECTION 12 � Bacterial Pathogens � 139

12-14 GRAM STAIN OF A CAMPYLOBACTER JEJUNI STOCK CULTURE Note
the characteristic “S” and “gull wing” shapes of the paired organisms.

12-15 CAMPYLOBACTER JEJUNI ON SHEEP BLOOD AGAR

Campylobacter jejuni

Citrobacter spp.
Species in the genus Citrobacter (Class Gammaproteobacteria)
live almost exclusively in the human lower intestine. Unlike
other members of the family Enterobacteriaceae, many of
whom live freely outside a human host, presence of Citro-
bacter in the environment almost certainly suggests fecal
contamination. Citrobacter species are potent opportunistic
pathogens. They rarely cause disease in healthy people, but
are significant agents of respiratory and urinary nosocomial

infections, hospital-acquired bacteremia, and neonatal
meningitis. Virulence factors include an enterotoxin and
lipopolysaccharide outer membrane believed to mediate
the “sepsis syndrome,” including fever, leucopenia, and
“disseminated intravascular coagulation.” Sepsis involving
Citrobacter spp. is usually polymicrobic whereas urinary
infections and pneumonia tend to be monomicrobic, yielding
pure cultures upon examination.
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Differential Characteristics
Citrobacter spp. are motile, facultatively anaerobic Gram-
negative rods (Figures 12-16 and 12-17). They ferment glu-
cose and utilize citrate (often as the sole carbon source), are
methyl red and catalase positive, and are Voges-Proskauer,
oxidase, and lysine decarboxylase negative. Diagnostic
procedures include Gram stain and aerobic culture.

Treatment
Third generation cephalosporins, penicillins, imipenem
with cilastatin, meropenem, or fluoroquinolones may be
administered.

140 � A Photographic Atlas for the Microbiology Laboratory

12-16 GRAM STAIN OF A CITROBACTER KOSERI STOCK CULTURE
These straight rods usually appear singly and are about 1 µm wide by
2.4 µm long.

12-17 CITROBACTER KOSERI ON SHEEP BLOOD AGAR

Clostridium botulinum
Clostridium botulinum (Phylum Firmicutes) is a spore
forming anaerobe typically found in soil. Further, the spores
are widely distributed in the environment. There are seven
known strains—A, B, C, D, E, F, and G—each of which
produces an antigenically distinct toxin. Neurotoxins A, B,
E (and sometimes F)1 cause botulism in humans. There are
three types of botulism known to occur in humans—food-
borne, infant, and wound. Although the word “botulism”
has become almost synonymous with the food-borne illness,
infant botulism actually occurs more frequently in the
United States. Food-borne botulism most frequently occurs
from ingesting insufficiently heated home-canned foods.
Spores that remain viable in the undercooked food germi-
nate and the resulting bacterial population flourishes in the
anaerobic, nutrient-rich environment. Within a few hours to
two days after ingestion the toxin travels, by way of the
bloodstream, to cholinergic synapses where it irreversibly
blocks release of acetylcholine. The result is “flaccid paraly-
sis” (extreme weakness), usually beginning with cranial
nerves (controlling facial muscles) and descending to the

pharynx, neck, arms, and respiratory muscles, frequently
resulting in respiratory failure and death. In infant botulism
and wound botulism, bacterial colonization of the body
occurs and then toxin is released. Once released, the toxin
is absorbed into the bloodstream with progression and
presentation of the disease similar to food-borne illness
except that constipation is almost always an early sign of
infant botulism. Fortunately, with proper treatment, infant
botulism mortality is below 3%. It should be noted that
food-borne botulism is easily preventable. Botulinum toxins
(but not spores) are heat-labile and destroyed when boiled
for at least 20 minutes.

Differential Characteristics
C. botulinum is a motile, anaerobic, endospore-forming,
Gram-positive rod (Figure 12-18). Its spores are oval, sub-
terminal, and distend the cell. Diagnostic procedures include
toxin neutralization test in mice, isolation from feces (infant
botulism), with cerebrospinal fluid analysis gas-liquid chro-
matography recommended for final identification.

1 Type C produces bird disease, and type D infects other mammals.
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Treatment
Botulinum Toxoid, Pentavalent Vaccine is an “investi-
gational use” drug available as prophylaxis for people
working with A, B, C, D, or E cultures. Trivalent anti-
toxin (A, B, E) must be administered quickly to patients
suspected of botulism intoxication.

SECTION 12 � Bacterial Pathogens � 141

12-18 GRAM STAIN OF A CLOSTRIDIUM BOTULINUM STOCK CULTURE
Note the unstained oval subterminal endospores, which distend the cells
(arrows). Cell sizes are highly variable between strains, ranging from about
0.5–2.0 µm wide by 3–20� µm long!

Clostridium difficile
Clostridium difficile (Phylum Firmicutes) is a common
pathogen found in water, soil, a variety of animal intestines,
and the intestinal tracts of more than half of healthy human
infants under one year of age. It is a strict anaerobe and can
be killed by even brief exposure to oxygen. It produces
highly resilient spores that are resistant to antibiotics and
disinfectants and are virtually impossible to eliminate from
the environment. It has been isolated from health-care
workers, asymptomatic hospital patients, hospital bedding,
sinks, toilet seats, and endoscopy equipment.

Many strains of the organism exist—some that
produce toxins and other avirulent forms that do not.
Most strains produce two toxins—A (an enterotoxin)
and B (a cytopathic toxin). In humans, when the nor-
mal intestinal flora have been suppressed by antibi-
otic therapy, previously dormant intestinal C. difficile
will proliferate, releasing toxins that may cause in-
flammation and necrosis of local cells. Nearly 90%
of all C. difficile-caused diarrhea occurs in hospitals
in one of the following forms: antibiotic-associated
diarrhea (AAD), pseudomembranous colitis (PMC),
or the more severe, antibiotic-associated colitis (AAC).
Ampicillin, clindamycin, and fluoroquinolones are
the major offenders. Rarely, C. difficile causes a
severe form of “sepsis syndrome” that may require
a variety of medical interventions including surgery.

Differential Characteristics
C. difficile is a motile, anaerobic, endospore-forming, Gram-
positive rod (Figure 12-19). Diagnostic procedures include
Clostridium difficile toxin assay, Clostridium difficile selec-
tive agar, and fecal leukocyte stain.

Treatment
Administration of medronidazole and vancoymcin.

12-19 GRAM STAIN OF A CLOSTRIDIUM DIFFICILE STOCK CULTURE Although
not easily seen in this micrograph, this organism does produce oval subterminal
endospores. Cells can range in size from 0.5–1.9 µm wide by 3.0–17 µm long.
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Differential Characteristics
Citrobacter spp. are motile, facultatively anaerobic Gram-
negative rods (Figures 12-16 and 12-17). They ferment glu-
cose and utilize citrate (often as the sole carbon source), are
methyl red and catalase positive, and are Voges-Proskauer,
oxidase, and lysine decarboxylase negative. Diagnostic
procedures include Gram stain and aerobic culture.

Treatment
Third generation cephalosporins, penicillins, imipenem
with cilastatin, meropenem, or fluoroquinolones may be
administered.

140 � A Photographic Atlas for the Microbiology Laboratory

12-16 GRAM STAIN OF A CITROBACTER KOSERI STOCK CULTURE
These straight rods usually appear singly and are about 1 µm wide by
2.4 µm long.

12-17 CITROBACTER KOSERI ON SHEEP BLOOD AGAR

Clostridium botulinum
Clostridium botulinum (Phylum Firmicutes) is a spore
forming anaerobe typically found in soil. Further, the spores
are widely distributed in the environment. There are seven
known strains—A, B, C, D, E, F, and G—each of which
produces an antigenically distinct toxin. Neurotoxins A, B,
E (and sometimes F)1 cause botulism in humans. There are
three types of botulism known to occur in humans—food-
borne, infant, and wound. Although the word “botulism”
has become almost synonymous with the food-borne illness,
infant botulism actually occurs more frequently in the
United States. Food-borne botulism most frequently occurs
from ingesting insufficiently heated home-canned foods.
Spores that remain viable in the undercooked food germi-
nate and the resulting bacterial population flourishes in the
anaerobic, nutrient-rich environment. Within a few hours to
two days after ingestion the toxin travels, by way of the
bloodstream, to cholinergic synapses where it irreversibly
blocks release of acetylcholine. The result is “flaccid paraly-
sis” (extreme weakness), usually beginning with cranial
nerves (controlling facial muscles) and descending to the

pharynx, neck, arms, and respiratory muscles, frequently
resulting in respiratory failure and death. In infant botulism
and wound botulism, bacterial colonization of the body
occurs and then toxin is released. Once released, the toxin
is absorbed into the bloodstream with progression and
presentation of the disease similar to food-borne illness
except that constipation is almost always an early sign of
infant botulism. Fortunately, with proper treatment, infant
botulism mortality is below 3%. It should be noted that
food-borne botulism is easily preventable. Botulinum toxins
(but not spores) are heat-labile and destroyed when boiled
for at least 20 minutes.

Differential Characteristics
C. botulinum is a motile, anaerobic, endospore-forming,
Gram-positive rod (Figure 12-18). Its spores are oval, sub-
terminal, and distend the cell. Diagnostic procedures include
toxin neutralization test in mice, isolation from feces (infant
botulism), with cerebrospinal fluid analysis gas-liquid chro-
matography recommended for final identification.

1 Type C produces bird disease, and type D infects other mammals.
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Treatment
Botulinum Toxoid, Pentavalent Vaccine is an “investi-
gational use” drug available as prophylaxis for people
working with A, B, C, D, or E cultures. Trivalent anti-
toxin (A, B, E) must be administered quickly to patients
suspected of botulism intoxication.

SECTION 12 � Bacterial Pathogens � 141

12-18 GRAM STAIN OF A CLOSTRIDIUM BOTULINUM STOCK CULTURE
Note the unstained oval subterminal endospores, which distend the cells
(arrows). Cell sizes are highly variable between strains, ranging from about
0.5–2.0 µm wide by 3–20� µm long!

Clostridium difficile
Clostridium difficile (Phylum Firmicutes) is a common
pathogen found in water, soil, a variety of animal intestines,
and the intestinal tracts of more than half of healthy human
infants under one year of age. It is a strict anaerobe and can
be killed by even brief exposure to oxygen. It produces
highly resilient spores that are resistant to antibiotics and
disinfectants and are virtually impossible to eliminate from
the environment. It has been isolated from health-care
workers, asymptomatic hospital patients, hospital bedding,
sinks, toilet seats, and endoscopy equipment.

Many strains of the organism exist—some that
produce toxins and other avirulent forms that do not.
Most strains produce two toxins—A (an enterotoxin)
and B (a cytopathic toxin). In humans, when the nor-
mal intestinal flora have been suppressed by antibi-
otic therapy, previously dormant intestinal C. difficile
will proliferate, releasing toxins that may cause in-
flammation and necrosis of local cells. Nearly 90%
of all C. difficile-caused diarrhea occurs in hospitals
in one of the following forms: antibiotic-associated
diarrhea (AAD), pseudomembranous colitis (PMC),
or the more severe, antibiotic-associated colitis (AAC).
Ampicillin, clindamycin, and fluoroquinolones are
the major offenders. Rarely, C. difficile causes a
severe form of “sepsis syndrome” that may require
a variety of medical interventions including surgery.

Differential Characteristics
C. difficile is a motile, anaerobic, endospore-forming, Gram-
positive rod (Figure 12-19). Diagnostic procedures include
Clostridium difficile toxin assay, Clostridium difficile selec-
tive agar, and fecal leukocyte stain.

Treatment
Administration of medronidazole and vancoymcin.

12-19 GRAM STAIN OF A CLOSTRIDIUM DIFFICILE STOCK CULTURE Although
not easily seen in this micrograph, this organism does produce oval subterminal
endospores. Cells can range in size from 0.5–1.9 µm wide by 3.0–17 µm long.
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Differential Characteristics
Citrobacter spp. are motile, facultatively anaerobic Gram-
negative rods (Figures 12-16 and 12-17). They ferment glu-
cose and utilize citrate (often as the sole carbon source), are
methyl red and catalase positive, and are Voges-Proskauer,
oxidase, and lysine decarboxylase negative. Diagnostic
procedures include Gram stain and aerobic culture.

Treatment
Third generation cephalosporins, penicillins, imipenem
with cilastatin, meropenem, or fluoroquinolones may be
administered.

140 � A Photographic Atlas for the Microbiology Laboratory

12-16 GRAM STAIN OF A CITROBACTER KOSERI STOCK CULTURE
These straight rods usually appear singly and are about 1 µm wide by
2.4 µm long.

12-17 CITROBACTER KOSERI ON SHEEP BLOOD AGAR

Clostridium botulinum
Clostridium botulinum (Phylum Firmicutes) is a spore
forming anaerobe typically found in soil. Further, the spores
are widely distributed in the environment. There are seven
known strains—A, B, C, D, E, F, and G—each of which
produces an antigenically distinct toxin. Neurotoxins A, B,
E (and sometimes F)1 cause botulism in humans. There are
three types of botulism known to occur in humans—food-
borne, infant, and wound. Although the word “botulism”
has become almost synonymous with the food-borne illness,
infant botulism actually occurs more frequently in the
United States. Food-borne botulism most frequently occurs
from ingesting insufficiently heated home-canned foods.
Spores that remain viable in the undercooked food germi-
nate and the resulting bacterial population flourishes in the
anaerobic, nutrient-rich environment. Within a few hours to
two days after ingestion the toxin travels, by way of the
bloodstream, to cholinergic synapses where it irreversibly
blocks release of acetylcholine. The result is “flaccid paraly-
sis” (extreme weakness), usually beginning with cranial
nerves (controlling facial muscles) and descending to the

pharynx, neck, arms, and respiratory muscles, frequently
resulting in respiratory failure and death. In infant botulism
and wound botulism, bacterial colonization of the body
occurs and then toxin is released. Once released, the toxin
is absorbed into the bloodstream with progression and
presentation of the disease similar to food-borne illness
except that constipation is almost always an early sign of
infant botulism. Fortunately, with proper treatment, infant
botulism mortality is below 3%. It should be noted that
food-borne botulism is easily preventable. Botulinum toxins
(but not spores) are heat-labile and destroyed when boiled
for at least 20 minutes.

Differential Characteristics
C. botulinum is a motile, anaerobic, endospore-forming,
Gram-positive rod (Figure 12-18). Its spores are oval, sub-
terminal, and distend the cell. Diagnostic procedures include
toxin neutralization test in mice, isolation from feces (infant
botulism), with cerebrospinal fluid analysis gas-liquid chro-
matography recommended for final identification.

1 Type C produces bird disease, and type D infects other mammals.
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Treatment
Botulinum Toxoid, Pentavalent Vaccine is an “investi-
gational use” drug available as prophylaxis for people
working with A, B, C, D, or E cultures. Trivalent anti-
toxin (A, B, E) must be administered quickly to patients
suspected of botulism intoxication.
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12-18 GRAM STAIN OF A CLOSTRIDIUM BOTULINUM STOCK CULTURE
Note the unstained oval subterminal endospores, which distend the cells
(arrows). Cell sizes are highly variable between strains, ranging from about
0.5–2.0 µm wide by 3–20� µm long!

Clostridium difficile
Clostridium difficile (Phylum Firmicutes) is a common
pathogen found in water, soil, a variety of animal intestines,
and the intestinal tracts of more than half of healthy human
infants under one year of age. It is a strict anaerobe and can
be killed by even brief exposure to oxygen. It produces
highly resilient spores that are resistant to antibiotics and
disinfectants and are virtually impossible to eliminate from
the environment. It has been isolated from health-care
workers, asymptomatic hospital patients, hospital bedding,
sinks, toilet seats, and endoscopy equipment.

Many strains of the organism exist—some that
produce toxins and other avirulent forms that do not.
Most strains produce two toxins—A (an enterotoxin)
and B (a cytopathic toxin). In humans, when the nor-
mal intestinal flora have been suppressed by antibi-
otic therapy, previously dormant intestinal C. difficile
will proliferate, releasing toxins that may cause in-
flammation and necrosis of local cells. Nearly 90%
of all C. difficile-caused diarrhea occurs in hospitals
in one of the following forms: antibiotic-associated
diarrhea (AAD), pseudomembranous colitis (PMC),
or the more severe, antibiotic-associated colitis (AAC).
Ampicillin, clindamycin, and fluoroquinolones are
the major offenders. Rarely, C. difficile causes a
severe form of “sepsis syndrome” that may require
a variety of medical interventions including surgery.

Differential Characteristics
C. difficile is a motile, anaerobic, endospore-forming, Gram-
positive rod (Figure 12-19). Diagnostic procedures include
Clostridium difficile toxin assay, Clostridium difficile selec-
tive agar, and fecal leukocyte stain.

Treatment
Administration of medronidazole and vancoymcin.

12-19 GRAM STAIN OF A CLOSTRIDIUM DIFFICILE STOCK CULTURE Although
not easily seen in this micrograph, this organism does produce oval subterminal
endospores. Cells can range in size from 0.5–1.9 µm wide by 3.0–17 µm long.
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Clostridium septicum (Phylum Firmicutes) causes a severe necrotic infection of the
appendix and intestine. Infections are frequently accompanied by bacteremia and
metastatic necrosis in other regions of the body. Although a high percentage of
adults carry it asymptomatically in their appendices, its habitat has not been fully
established. Entry to the bloodstream is believed to occur from this area. Although
not completely understood, C. septicum is frequently associated with certain types
of cancer. Patients with C. septicum bacteremia are also likely to be suffering from
another underlying disease such as leukemia, lymphoma, or carcinoma of the large
intestine. Because of this, mortality among patients with C. septicum bacteremia is
greater than 65%.

Differential Characteristics
C. septicum is a motile, anaerobic, endospore-forming, Gram-positive rod (Figure
12-21). Diagnostic procedures include Gram stain and growth and hemolysis
patterns on CDC Anaerobe Blood Agar or Phenylethyl Alcohol Blood Agar.

Treatment
Administration of �-lactam drugs such as penicillin and cephalosporins.

142 � A Photographic Atlas for the Microbiology Laboratory

Clostridium perfringens
Clostridium perfringens (Phylum Firmicutes) is a very com-
mon spore-forming soil organism typically found living
commensally in the gastrointestinal tract of humans and
other mammals. The species has been divided into five types
(A–E) based on the types of (or combinations of) toxins they
produce. Type A produces alpha toxin, the lecithinase that
causes the severe tissue damage associated with myonecrosis
(gas gangrene) and fasciitis. It is also responsible for a type
of gynecologic infection and anaerobic cellulitis. Gas gan-
grene, common in World War I because of the widespread
soil contamination of battlefield wounds, is usually associ-
ated with traumatic wounds and crushing injuries, but also
sometimes occurs after colon resections and septic abortions.
The result is typically increased vascular permeability, hypo-
tension, and shock. Death may occur within two days of
onset of symptoms. Types B and C produce beta toxin that
causes pigbel. Pigbel is a severe form of enteritis seen in
New Guinea following feasts where large amounts of sweet
potato and contaminated pork are eaten. Sweet potatoes
contain protease inhibitors that prevent beta toxin degrada-
tion. The result is intense abdominal pain and bloody diarrhea
sometimes accompanied by intestinal perforation. Types A,
C, and D produce enterotoxin associated with the milder
form of food poisoning. This heat-labile toxin is commonly
found in contaminated meat or poultry and their products,
such as gravies or stews. In much the same way as in Bacillus
cereus food poisoning (page 135), C. perfringens spores
that survive the heat during cooking germinate and produce
enterotoxin when the conditions become favorable.

Differential Characteristics
Clostridium perfringens is a nonmotile, anaerobic, endospore-
forming, Gram-positive rod (Figure 12-20). Although spores
are produced by this organism, they are rarely seen in
stained preparations. Diagnostic procedures include Gram
stain, skin and muscle biopsy using direct or indirect fluo-
rescent antibody (page 105), and anaerobic culture.

Treatment
Penicillin G, metronidazole, carbapenems or clindamycin
may be used, but prompt administration of antitoxin is vital.

12-20 GRAM STAIN OF CLOSTRIDIUM PERFRINGENS Note the blunt
ends of the cells and the absence of visible endospores because these
cells were grown in culture. Cells can range in size from 0.6–2.4 µm
wide by 1.3–19.0 µm long.

Clostridium septicum

12-21 CLOSTRIDIUM SEPTICUM IN A
HUMAN BLOOD SMEAR Cells can range in
size from 0.6–1.9 µm wide by 1.9–35 µm long.

133-164 Section 12 12/15/10 11:30 AM Page 142

Corynebacterium diphtheriae (Phylum Actinobacteria) is
the toxigenic agent of diphtheria and cutaneous diphtheria.
Although it can live for months in the environment, C.
diphtheriae is transmitted most often from person to person
in aerosol droplets. Once a leading cause of death in children,
it is now a rare disease in the United States due to routine
vaccinations with diphtheria toxoid. However, it still exists
in some eastern European countries as well as developing
countries. In recent years diphtheria has shifted from a pri-
marily childhood disease to one affecting all ages including
disproportionately high numbers of unimmunized poor
people and intravenous drug users.

Diphtheria is characterized by two distinct syndromes:
local respiratory infection and systemic poisoning from
absorption of the cytotoxin produced at the local site. In
the former, C. diphtheriae produces a thick membrane

composed of bacteria, fibrin, immune cells, and dead cells,
which obstructs the upper respiratory airway. In the latter,
cell-killing toxin is dispersed throughout the body, frequently
resulting in myocarditis and congestive heart failure. Cutane-
ous diphtheria is a result of bacterial entry through an open
wound causing a local infection with similar systemic effects
as the inhalation disease.

The exotoxin (tox) gene is introduced into C. diphtheriae
by a lysogenic phage.2 The toxin itself has three functional
parts: a binding portion that attaches to heparin receptors
on host nerve and heart cells, a translocation portion that
moves the bound toxin to the inside of the cell, and an
enzymatic portion that inactivates an essential component
of protein synthesis.

SECTION 12 � Bacterial Pathogens � 143

Clostridium tetani (Phylum Firmicutes) is an endospore-
forming organism common in the soil and in a variety of
animal intestinal tracts, including humans. It is the causative
agent of tetanus, more commonly called “lockjaw” because
of the difficulty chewing and swallowing characteristic of
the disease’s onset. In spite of the organism’s ubiquity and
the continued prevalence of disease in developing countries,
tetanus has nearly been eradicated in the United States by
tetanus toxoid vaccine. Tetanus is considered a strictly
toxigenic disease because the local infection at the site of
colonization is typically mild while the effect of released
toxin is devastating. Typical transmission of disease is by
entry of spores to a traumatic or puncture wound where
they germinate, grow, and release the neurotoxin, tetano-
spasmin. Tetanospasmin is absorbed and transmitted by
motor neurons to the central nervous system where it per-
manently binds to neurons and blocks the release of the
inhibitory neurotransmitter �-aminobutyric acid. The result
is a descending severe muscle spasm that begins with facial
muscles, neck muscles, and eventually chest muscles, which
results in respiratory failure.

Note the comparison between the closely related C.
tetani and C. botulinum. Botulinum toxin travels by way
of the bloodstream to peripheral nerve synapses where
it blocks release of acetylcholine, resulting in inability to
contract muscles (flaccid paralysis); tetanospasmin travels
within the nerve cells to central nervous system synapses
where it blocks release of inhibitory �-aminobutyric acid,
resulting in the uninhibited or spastic contractions of
tetanus.

Differential Characteristics
C. tetani is a motile, strictly-anaerobic, endospore-forming,
Gram-positive rod (Figure 12-22). Diagnostic tests are typi-
cally not done. Patient immunization history is of greatest
concern in suspected cases.

Treatment
Tetanus immune globulin used in conjunction with
metronidazole or penicillin G.

Clostridium tetani

12-22 GRAM STAIN OF A CLOSTRIDIUM TETANI STOCK CULTURE
Note the round, terminal endospores (arrows). Occasionally the spores
are oval or subterminal. Cells can range in size from 0.5–1.7 µm wide by
2.1–18.1 µm long.

Corynebacterium diphtheriae

2 A lysogenic phage inserts its DNA genome into the host DNA and becomes
part of its genome.
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Clostridium septicum (Phylum Firmicutes) causes a severe necrotic infection of the
appendix and intestine. Infections are frequently accompanied by bacteremia and
metastatic necrosis in other regions of the body. Although a high percentage of
adults carry it asymptomatically in their appendices, its habitat has not been fully
established. Entry to the bloodstream is believed to occur from this area. Although
not completely understood, C. septicum is frequently associated with certain types
of cancer. Patients with C. septicum bacteremia are also likely to be suffering from
another underlying disease such as leukemia, lymphoma, or carcinoma of the large
intestine. Because of this, mortality among patients with C. septicum bacteremia is
greater than 65%.

Differential Characteristics
C. septicum is a motile, anaerobic, endospore-forming, Gram-positive rod (Figure
12-21). Diagnostic procedures include Gram stain and growth and hemolysis
patterns on CDC Anaerobe Blood Agar or Phenylethyl Alcohol Blood Agar.

Treatment
Administration of �-lactam drugs such as penicillin and cephalosporins.

142 � A Photographic Atlas for the Microbiology Laboratory

Clostridium perfringens
Clostridium perfringens (Phylum Firmicutes) is a very com-
mon spore-forming soil organism typically found living
commensally in the gastrointestinal tract of humans and
other mammals. The species has been divided into five types
(A–E) based on the types of (or combinations of) toxins they
produce. Type A produces alpha toxin, the lecithinase that
causes the severe tissue damage associated with myonecrosis
(gas gangrene) and fasciitis. It is also responsible for a type
of gynecologic infection and anaerobic cellulitis. Gas gan-
grene, common in World War I because of the widespread
soil contamination of battlefield wounds, is usually associ-
ated with traumatic wounds and crushing injuries, but also
sometimes occurs after colon resections and septic abortions.
The result is typically increased vascular permeability, hypo-
tension, and shock. Death may occur within two days of
onset of symptoms. Types B and C produce beta toxin that
causes pigbel. Pigbel is a severe form of enteritis seen in
New Guinea following feasts where large amounts of sweet
potato and contaminated pork are eaten. Sweet potatoes
contain protease inhibitors that prevent beta toxin degrada-
tion. The result is intense abdominal pain and bloody diarrhea
sometimes accompanied by intestinal perforation. Types A,
C, and D produce enterotoxin associated with the milder
form of food poisoning. This heat-labile toxin is commonly
found in contaminated meat or poultry and their products,
such as gravies or stews. In much the same way as in Bacillus
cereus food poisoning (page 135), C. perfringens spores
that survive the heat during cooking germinate and produce
enterotoxin when the conditions become favorable.

Differential Characteristics
Clostridium perfringens is a nonmotile, anaerobic, endospore-
forming, Gram-positive rod (Figure 12-20). Although spores
are produced by this organism, they are rarely seen in
stained preparations. Diagnostic procedures include Gram
stain, skin and muscle biopsy using direct or indirect fluo-
rescent antibody (page 105), and anaerobic culture.

Treatment
Penicillin G, metronidazole, carbapenems or clindamycin
may be used, but prompt administration of antitoxin is vital.

12-20 GRAM STAIN OF CLOSTRIDIUM PERFRINGENS Note the blunt
ends of the cells and the absence of visible endospores because these
cells were grown in culture. Cells can range in size from 0.6–2.4 µm
wide by 1.3–19.0 µm long.

Clostridium septicum

12-21 CLOSTRIDIUM SEPTICUM IN A
HUMAN BLOOD SMEAR Cells can range in
size from 0.6–1.9 µm wide by 1.9–35 µm long.
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Corynebacterium diphtheriae (Phylum Actinobacteria) is
the toxigenic agent of diphtheria and cutaneous diphtheria.
Although it can live for months in the environment, C.
diphtheriae is transmitted most often from person to person
in aerosol droplets. Once a leading cause of death in children,
it is now a rare disease in the United States due to routine
vaccinations with diphtheria toxoid. However, it still exists
in some eastern European countries as well as developing
countries. In recent years diphtheria has shifted from a pri-
marily childhood disease to one affecting all ages including
disproportionately high numbers of unimmunized poor
people and intravenous drug users.

Diphtheria is characterized by two distinct syndromes:
local respiratory infection and systemic poisoning from
absorption of the cytotoxin produced at the local site. In
the former, C. diphtheriae produces a thick membrane

composed of bacteria, fibrin, immune cells, and dead cells,
which obstructs the upper respiratory airway. In the latter,
cell-killing toxin is dispersed throughout the body, frequently
resulting in myocarditis and congestive heart failure. Cutane-
ous diphtheria is a result of bacterial entry through an open
wound causing a local infection with similar systemic effects
as the inhalation disease.

The exotoxin (tox) gene is introduced into C. diphtheriae
by a lysogenic phage.2 The toxin itself has three functional
parts: a binding portion that attaches to heparin receptors
on host nerve and heart cells, a translocation portion that
moves the bound toxin to the inside of the cell, and an
enzymatic portion that inactivates an essential component
of protein synthesis.
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Clostridium tetani (Phylum Firmicutes) is an endospore-
forming organism common in the soil and in a variety of
animal intestinal tracts, including humans. It is the causative
agent of tetanus, more commonly called “lockjaw” because
of the difficulty chewing and swallowing characteristic of
the disease’s onset. In spite of the organism’s ubiquity and
the continued prevalence of disease in developing countries,
tetanus has nearly been eradicated in the United States by
tetanus toxoid vaccine. Tetanus is considered a strictly
toxigenic disease because the local infection at the site of
colonization is typically mild while the effect of released
toxin is devastating. Typical transmission of disease is by
entry of spores to a traumatic or puncture wound where
they germinate, grow, and release the neurotoxin, tetano-
spasmin. Tetanospasmin is absorbed and transmitted by
motor neurons to the central nervous system where it per-
manently binds to neurons and blocks the release of the
inhibitory neurotransmitter �-aminobutyric acid. The result
is a descending severe muscle spasm that begins with facial
muscles, neck muscles, and eventually chest muscles, which
results in respiratory failure.

Note the comparison between the closely related C.
tetani and C. botulinum. Botulinum toxin travels by way
of the bloodstream to peripheral nerve synapses where
it blocks release of acetylcholine, resulting in inability to
contract muscles (flaccid paralysis); tetanospasmin travels
within the nerve cells to central nervous system synapses
where it blocks release of inhibitory �-aminobutyric acid,
resulting in the uninhibited or spastic contractions of
tetanus.

Differential Characteristics
C. tetani is a motile, strictly-anaerobic, endospore-forming,
Gram-positive rod (Figure 12-22). Diagnostic tests are typi-
cally not done. Patient immunization history is of greatest
concern in suspected cases.

Treatment
Tetanus immune globulin used in conjunction with
metronidazole or penicillin G.

Clostridium tetani

12-22 GRAM STAIN OF A CLOSTRIDIUM TETANI STOCK CULTURE
Note the round, terminal endospores (arrows). Occasionally the spores
are oval or subterminal. Cells can range in size from 0.5–1.7 µm wide by
2.1–18.1 µm long.

Corynebacterium diphtheriae

2 A lysogenic phage inserts its DNA genome into the host DNA and becomes
part of its genome.
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Clostridium septicum (Phylum Firmicutes) causes a severe necrotic infection of the
appendix and intestine. Infections are frequently accompanied by bacteremia and
metastatic necrosis in other regions of the body. Although a high percentage of
adults carry it asymptomatically in their appendices, its habitat has not been fully
established. Entry to the bloodstream is believed to occur from this area. Although
not completely understood, C. septicum is frequently associated with certain types
of cancer. Patients with C. septicum bacteremia are also likely to be suffering from
another underlying disease such as leukemia, lymphoma, or carcinoma of the large
intestine. Because of this, mortality among patients with C. septicum bacteremia is
greater than 65%.

Differential Characteristics
C. septicum is a motile, anaerobic, endospore-forming, Gram-positive rod (Figure
12-21). Diagnostic procedures include Gram stain and growth and hemolysis
patterns on CDC Anaerobe Blood Agar or Phenylethyl Alcohol Blood Agar.

Treatment
Administration of �-lactam drugs such as penicillin and cephalosporins.

142 � A Photographic Atlas for the Microbiology Laboratory

Clostridium perfringens
Clostridium perfringens (Phylum Firmicutes) is a very com-
mon spore-forming soil organism typically found living
commensally in the gastrointestinal tract of humans and
other mammals. The species has been divided into five types
(A–E) based on the types of (or combinations of) toxins they
produce. Type A produces alpha toxin, the lecithinase that
causes the severe tissue damage associated with myonecrosis
(gas gangrene) and fasciitis. It is also responsible for a type
of gynecologic infection and anaerobic cellulitis. Gas gan-
grene, common in World War I because of the widespread
soil contamination of battlefield wounds, is usually associ-
ated with traumatic wounds and crushing injuries, but also
sometimes occurs after colon resections and septic abortions.
The result is typically increased vascular permeability, hypo-
tension, and shock. Death may occur within two days of
onset of symptoms. Types B and C produce beta toxin that
causes pigbel. Pigbel is a severe form of enteritis seen in
New Guinea following feasts where large amounts of sweet
potato and contaminated pork are eaten. Sweet potatoes
contain protease inhibitors that prevent beta toxin degrada-
tion. The result is intense abdominal pain and bloody diarrhea
sometimes accompanied by intestinal perforation. Types A,
C, and D produce enterotoxin associated with the milder
form of food poisoning. This heat-labile toxin is commonly
found in contaminated meat or poultry and their products,
such as gravies or stews. In much the same way as in Bacillus
cereus food poisoning (page 135), C. perfringens spores
that survive the heat during cooking germinate and produce
enterotoxin when the conditions become favorable.

Differential Characteristics
Clostridium perfringens is a nonmotile, anaerobic, endospore-
forming, Gram-positive rod (Figure 12-20). Although spores
are produced by this organism, they are rarely seen in
stained preparations. Diagnostic procedures include Gram
stain, skin and muscle biopsy using direct or indirect fluo-
rescent antibody (page 105), and anaerobic culture.

Treatment
Penicillin G, metronidazole, carbapenems or clindamycin
may be used, but prompt administration of antitoxin is vital.

12-20 GRAM STAIN OF CLOSTRIDIUM PERFRINGENS Note the blunt
ends of the cells and the absence of visible endospores because these
cells were grown in culture. Cells can range in size from 0.6–2.4 µm
wide by 1.3–19.0 µm long.

Clostridium septicum

12-21 CLOSTRIDIUM SEPTICUM IN A
HUMAN BLOOD SMEAR Cells can range in
size from 0.6–1.9 µm wide by 1.9–35 µm long.
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Corynebacterium diphtheriae (Phylum Actinobacteria) is
the toxigenic agent of diphtheria and cutaneous diphtheria.
Although it can live for months in the environment, C.
diphtheriae is transmitted most often from person to person
in aerosol droplets. Once a leading cause of death in children,
it is now a rare disease in the United States due to routine
vaccinations with diphtheria toxoid. However, it still exists
in some eastern European countries as well as developing
countries. In recent years diphtheria has shifted from a pri-
marily childhood disease to one affecting all ages including
disproportionately high numbers of unimmunized poor
people and intravenous drug users.

Diphtheria is characterized by two distinct syndromes:
local respiratory infection and systemic poisoning from
absorption of the cytotoxin produced at the local site. In
the former, C. diphtheriae produces a thick membrane

composed of bacteria, fibrin, immune cells, and dead cells,
which obstructs the upper respiratory airway. In the latter,
cell-killing toxin is dispersed throughout the body, frequently
resulting in myocarditis and congestive heart failure. Cutane-
ous diphtheria is a result of bacterial entry through an open
wound causing a local infection with similar systemic effects
as the inhalation disease.

The exotoxin (tox) gene is introduced into C. diphtheriae
by a lysogenic phage.2 The toxin itself has three functional
parts: a binding portion that attaches to heparin receptors
on host nerve and heart cells, a translocation portion that
moves the bound toxin to the inside of the cell, and an
enzymatic portion that inactivates an essential component
of protein synthesis.
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Clostridium tetani (Phylum Firmicutes) is an endospore-
forming organism common in the soil and in a variety of
animal intestinal tracts, including humans. It is the causative
agent of tetanus, more commonly called “lockjaw” because
of the difficulty chewing and swallowing characteristic of
the disease’s onset. In spite of the organism’s ubiquity and
the continued prevalence of disease in developing countries,
tetanus has nearly been eradicated in the United States by
tetanus toxoid vaccine. Tetanus is considered a strictly
toxigenic disease because the local infection at the site of
colonization is typically mild while the effect of released
toxin is devastating. Typical transmission of disease is by
entry of spores to a traumatic or puncture wound where
they germinate, grow, and release the neurotoxin, tetano-
spasmin. Tetanospasmin is absorbed and transmitted by
motor neurons to the central nervous system where it per-
manently binds to neurons and blocks the release of the
inhibitory neurotransmitter �-aminobutyric acid. The result
is a descending severe muscle spasm that begins with facial
muscles, neck muscles, and eventually chest muscles, which
results in respiratory failure.

Note the comparison between the closely related C.
tetani and C. botulinum. Botulinum toxin travels by way
of the bloodstream to peripheral nerve synapses where
it blocks release of acetylcholine, resulting in inability to
contract muscles (flaccid paralysis); tetanospasmin travels
within the nerve cells to central nervous system synapses
where it blocks release of inhibitory �-aminobutyric acid,
resulting in the uninhibited or spastic contractions of
tetanus.

Differential Characteristics
C. tetani is a motile, strictly-anaerobic, endospore-forming,
Gram-positive rod (Figure 12-22). Diagnostic tests are typi-
cally not done. Patient immunization history is of greatest
concern in suspected cases.

Treatment
Tetanus immune globulin used in conjunction with
metronidazole or penicillin G.

Clostridium tetani

12-22 GRAM STAIN OF A CLOSTRIDIUM TETANI STOCK CULTURE
Note the round, terminal endospores (arrows). Occasionally the spores
are oval or subterminal. Cells can range in size from 0.5–1.7 µm wide by
2.1–18.1 µm long.

Corynebacterium diphtheriae

2 A lysogenic phage inserts its DNA genome into the host DNA and becomes
part of its genome.
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Differential Characteristics
C. diphtheriae is a nonmotile, nonsporing,
Gram-positive rod (Figure 12-23). It pro-
duces acid from glucose and maltose
fermentation, and no acid from sucrose.
It is negative for urease, pyrazinamidase,
and alkaline phosphatase. Diagnostic tests
include throat culture.

Treatment
Penicillin G Procaine or erythromycin
may be used.

144 � A Photographic Atlas for the Microbiology Laboratory

12-23 GRAM STAIN OF A CORYNEBACTERIUM DIPHTHERIAE STOCK CULTURE Note the
club-shaped cells. C. diphtheriae frequently arranges itself in “V-shaped” pairs (V) or palisades
(P). Cells can range in size from 1 µm or less wide by 1.0–8.0 µm long.

Escherichia coli
Escherichia coli (Class Gammaproteobacteria) is a
member of the large family Enterobacteriaceae, the
“Enterics.” It inhabits the intestinal tract of humans
and many other animals. Generally each type of ani-
mal host harbors a different strain of the organism.
The strains most important to humans are those that
inhabit us and those that live in the intestines of cattle.

Human E. coli is an opportunistic pathogen and
in the right place at the right time may cause any-
thing from mild stomach upset to diarrhea, urinary
tract infections, sepsis, and meningitis. Strains of
E. coli carried in cattle and contaminated beef are
differentiated and named according to their virulence
properties. These are: enteropathogenic E. coli (EPEC)
that causes diarrhea in infants, enterotoxigenic E. coli (ETEC)
that is responsible for infant diarrhea and traveler’s diarrhea,
enterohemorrhagic E. coli (EHEC) that is associated with
hemorrhagic colitis and hemolytic uremic syndromes, entero-
invasive E. coli (EIEC) that produces a shigellosis-like disease,
and enteroaggregative E. coli (EAEC) that causes acute and
chronic diarrhea. These strains are seen primarily in developing
countries, but EHEC O157:H7 has been responsible for out-
breaks of hemorrhagic colitis in the United States. Disease is
almost always caused by ingestion of contaminated meat;
however, person to person transmission has been reported.

Differential Characteristics
All members of Enterobacteriaceae are oxidase-negative,
Gram-negative, facultatively anaerobic rods that produce acid
from glucose fermentation (Figures 12-24 and 12-25). Several
commercial multiple test systems are available for the differen-
tiation and identification of the individual species including

12-24 GRAM STAIN OF AN ESCHERICHIA COLI STOCK CULTURE The straight
rods are usually arranged singly or in pairs. Cell sizes range from 1–1.5 µm wide
to 2–6 µm long.

12-25 ESCHERICHIA COLI ON SHEEP BLOOD AGAR
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Enterotube®II (page 70), API 20 E® (page 57), and BBL
Crystal® (page 66). Diagnostic tests for identification of
individual strains include Shiga toxin test (some strains of
E. coli produce Shiga toxin or Shiga-like toxin very similar
to that produced by Shigella spp.), and O157 and H7 serum
agglutination tests (SAT—page 101).

Treatment
Cephalosporins, ampicillin, sulfamethoxazole are sometimes
administered although there is evidence that EHEC disease
is actually complicated by antibiotic use. Diarrhea is typi-
cally a self-limiting disease; therefore, fluid and electrolyte
replacement therapy is the standard treatment.

SECTION 12 � Bacterial Pathogens � 145

Fusobacterium spp.
Fusobacterium species (Phylum Fusobacteria) are commonly
encountered opportunistic pathogens normally found in the
human mouth, as well as the urinary, gastrointestinal, and
upper respiratory tracts. They are involved (usually in a
mixture of organisms) in most dental infections and are very
common agents in upper respiratory infections, including
chronic sinusitis, aspiration pneumonia, lung abscesses, and
brain abscesses. Fusobacterium has been shown to cause
severe systemic infections in cancer patients following chemo-
therapy. The virulence of fusobacteria is largely due to
endotoxins that evoke a vigorous immune reaction that can
lead to toxic shock with widespread systemic collapse. Two
species are of primary interest, F. nucleatum (Figure 12-26),
which is involved in producing periodontal disease, and F.
necrophorum (Figure 12-27), which can produce meningitis
and thrombosis of the external jugular and cerebral veins.

Differential Characteristics
Fusobacterium nucleatum is a nonmotile, anaerobic, non-
sporing, spindle-shaped, Gram-negative rod. It is indole-
positive, does not grow on bile agar and does not ferment

mannitol, lactose, or rhamnose. It is negative for
esculin hydrolysis, catalase, lecithinase, lipase, starch
hydrolysis, milk proteolysis, DNase, and gelatinase.
Butyrate is the major metabolic end product, which
distinguishes it from most Bacteroides species.

Treatment
Some Fusobacterium species produce �-lactamase;
therefore the use of penicillin is typically avoided or
combined with �-lactamase inhibitors. Also useful are
cefoxitin and imipenem.

12-27 FUSOBACTERIUM NECROPHORUM GROWING ON
CHOCOLATE AGAR Note the flat, grayish-brown colonies.

12-26 GRAM STAIN OF A FUSOBACTERIUM NUCLEATUM STOCK CULTURE
Note the long, thin spindle-shaped cells, ranging in length from 5–10 µm.
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Differential Characteristics
C. diphtheriae is a nonmotile, nonsporing,
Gram-positive rod (Figure 12-23). It pro-
duces acid from glucose and maltose
fermentation, and no acid from sucrose.
It is negative for urease, pyrazinamidase,
and alkaline phosphatase. Diagnostic tests
include throat culture.

Treatment
Penicillin G Procaine or erythromycin
may be used.

144 � A Photographic Atlas for the Microbiology Laboratory

12-23 GRAM STAIN OF A CORYNEBACTERIUM DIPHTHERIAE STOCK CULTURE Note the
club-shaped cells. C. diphtheriae frequently arranges itself in “V-shaped” pairs (V) or palisades
(P). Cells can range in size from 1 µm or less wide by 1.0–8.0 µm long.

Escherichia coli
Escherichia coli (Class Gammaproteobacteria) is a
member of the large family Enterobacteriaceae, the
“Enterics.” It inhabits the intestinal tract of humans
and many other animals. Generally each type of ani-
mal host harbors a different strain of the organism.
The strains most important to humans are those that
inhabit us and those that live in the intestines of cattle.

Human E. coli is an opportunistic pathogen and
in the right place at the right time may cause any-
thing from mild stomach upset to diarrhea, urinary
tract infections, sepsis, and meningitis. Strains of
E. coli carried in cattle and contaminated beef are
differentiated and named according to their virulence
properties. These are: enteropathogenic E. coli (EPEC)
that causes diarrhea in infants, enterotoxigenic E. coli (ETEC)
that is responsible for infant diarrhea and traveler’s diarrhea,
enterohemorrhagic E. coli (EHEC) that is associated with
hemorrhagic colitis and hemolytic uremic syndromes, entero-
invasive E. coli (EIEC) that produces a shigellosis-like disease,
and enteroaggregative E. coli (EAEC) that causes acute and
chronic diarrhea. These strains are seen primarily in developing
countries, but EHEC O157:H7 has been responsible for out-
breaks of hemorrhagic colitis in the United States. Disease is
almost always caused by ingestion of contaminated meat;
however, person to person transmission has been reported.

Differential Characteristics
All members of Enterobacteriaceae are oxidase-negative,
Gram-negative, facultatively anaerobic rods that produce acid
from glucose fermentation (Figures 12-24 and 12-25). Several
commercial multiple test systems are available for the differen-
tiation and identification of the individual species including

12-24 GRAM STAIN OF AN ESCHERICHIA COLI STOCK CULTURE The straight
rods are usually arranged singly or in pairs. Cell sizes range from 1–1.5 µm wide
to 2–6 µm long.
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Enterotube®II (page 70), API 20 E® (page 57), and BBL
Crystal® (page 66). Diagnostic tests for identification of
individual strains include Shiga toxin test (some strains of
E. coli produce Shiga toxin or Shiga-like toxin very similar
to that produced by Shigella spp.), and O157 and H7 serum
agglutination tests (SAT—page 101).

Treatment
Cephalosporins, ampicillin, sulfamethoxazole are sometimes
administered although there is evidence that EHEC disease
is actually complicated by antibiotic use. Diarrhea is typi-
cally a self-limiting disease; therefore, fluid and electrolyte
replacement therapy is the standard treatment.

SECTION 12 � Bacterial Pathogens � 145

Fusobacterium spp.
Fusobacterium species (Phylum Fusobacteria) are commonly
encountered opportunistic pathogens normally found in the
human mouth, as well as the urinary, gastrointestinal, and
upper respiratory tracts. They are involved (usually in a
mixture of organisms) in most dental infections and are very
common agents in upper respiratory infections, including
chronic sinusitis, aspiration pneumonia, lung abscesses, and
brain abscesses. Fusobacterium has been shown to cause
severe systemic infections in cancer patients following chemo-
therapy. The virulence of fusobacteria is largely due to
endotoxins that evoke a vigorous immune reaction that can
lead to toxic shock with widespread systemic collapse. Two
species are of primary interest, F. nucleatum (Figure 12-26),
which is involved in producing periodontal disease, and F.
necrophorum (Figure 12-27), which can produce meningitis
and thrombosis of the external jugular and cerebral veins.

Differential Characteristics
Fusobacterium nucleatum is a nonmotile, anaerobic, non-
sporing, spindle-shaped, Gram-negative rod. It is indole-
positive, does not grow on bile agar and does not ferment

mannitol, lactose, or rhamnose. It is negative for
esculin hydrolysis, catalase, lecithinase, lipase, starch
hydrolysis, milk proteolysis, DNase, and gelatinase.
Butyrate is the major metabolic end product, which
distinguishes it from most Bacteroides species.

Treatment
Some Fusobacterium species produce �-lactamase;
therefore the use of penicillin is typically avoided or
combined with �-lactamase inhibitors. Also useful are
cefoxitin and imipenem.

12-27 FUSOBACTERIUM NECROPHORUM GROWING ON
CHOCOLATE AGAR Note the flat, grayish-brown colonies.

12-26 GRAM STAIN OF A FUSOBACTERIUM NUCLEATUM STOCK CULTURE
Note the long, thin spindle-shaped cells, ranging in length from 5–10 µm.
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Differential Characteristics
C. diphtheriae is a nonmotile, nonsporing,
Gram-positive rod (Figure 12-23). It pro-
duces acid from glucose and maltose
fermentation, and no acid from sucrose.
It is negative for urease, pyrazinamidase,
and alkaline phosphatase. Diagnostic tests
include throat culture.

Treatment
Penicillin G Procaine or erythromycin
may be used.

144 � A Photographic Atlas for the Microbiology Laboratory

12-23 GRAM STAIN OF A CORYNEBACTERIUM DIPHTHERIAE STOCK CULTURE Note the
club-shaped cells. C. diphtheriae frequently arranges itself in “V-shaped” pairs (V) or palisades
(P). Cells can range in size from 1 µm or less wide by 1.0–8.0 µm long.

Escherichia coli
Escherichia coli (Class Gammaproteobacteria) is a
member of the large family Enterobacteriaceae, the
“Enterics.” It inhabits the intestinal tract of humans
and many other animals. Generally each type of ani-
mal host harbors a different strain of the organism.
The strains most important to humans are those that
inhabit us and those that live in the intestines of cattle.

Human E. coli is an opportunistic pathogen and
in the right place at the right time may cause any-
thing from mild stomach upset to diarrhea, urinary
tract infections, sepsis, and meningitis. Strains of
E. coli carried in cattle and contaminated beef are
differentiated and named according to their virulence
properties. These are: enteropathogenic E. coli (EPEC)
that causes diarrhea in infants, enterotoxigenic E. coli (ETEC)
that is responsible for infant diarrhea and traveler’s diarrhea,
enterohemorrhagic E. coli (EHEC) that is associated with
hemorrhagic colitis and hemolytic uremic syndromes, entero-
invasive E. coli (EIEC) that produces a shigellosis-like disease,
and enteroaggregative E. coli (EAEC) that causes acute and
chronic diarrhea. These strains are seen primarily in developing
countries, but EHEC O157:H7 has been responsible for out-
breaks of hemorrhagic colitis in the United States. Disease is
almost always caused by ingestion of contaminated meat;
however, person to person transmission has been reported.

Differential Characteristics
All members of Enterobacteriaceae are oxidase-negative,
Gram-negative, facultatively anaerobic rods that produce acid
from glucose fermentation (Figures 12-24 and 12-25). Several
commercial multiple test systems are available for the differen-
tiation and identification of the individual species including

12-24 GRAM STAIN OF AN ESCHERICHIA COLI STOCK CULTURE The straight
rods are usually arranged singly or in pairs. Cell sizes range from 1–1.5 µm wide
to 2–6 µm long.

12-25 ESCHERICHIA COLI ON SHEEP BLOOD AGAR

V

P

133-164 Section 12 12/15/10 11:30 AM Page 144

Enterotube®II (page 70), API 20 E® (page 57), and BBL
Crystal® (page 66). Diagnostic tests for identification of
individual strains include Shiga toxin test (some strains of
E. coli produce Shiga toxin or Shiga-like toxin very similar
to that produced by Shigella spp.), and O157 and H7 serum
agglutination tests (SAT—page 101).

Treatment
Cephalosporins, ampicillin, sulfamethoxazole are sometimes
administered although there is evidence that EHEC disease
is actually complicated by antibiotic use. Diarrhea is typi-
cally a self-limiting disease; therefore, fluid and electrolyte
replacement therapy is the standard treatment.

SECTION 12 � Bacterial Pathogens � 145

Fusobacterium spp.
Fusobacterium species (Phylum Fusobacteria) are commonly
encountered opportunistic pathogens normally found in the
human mouth, as well as the urinary, gastrointestinal, and
upper respiratory tracts. They are involved (usually in a
mixture of organisms) in most dental infections and are very
common agents in upper respiratory infections, including
chronic sinusitis, aspiration pneumonia, lung abscesses, and
brain abscesses. Fusobacterium has been shown to cause
severe systemic infections in cancer patients following chemo-
therapy. The virulence of fusobacteria is largely due to
endotoxins that evoke a vigorous immune reaction that can
lead to toxic shock with widespread systemic collapse. Two
species are of primary interest, F. nucleatum (Figure 12-26),
which is involved in producing periodontal disease, and F.
necrophorum (Figure 12-27), which can produce meningitis
and thrombosis of the external jugular and cerebral veins.

Differential Characteristics
Fusobacterium nucleatum is a nonmotile, anaerobic, non-
sporing, spindle-shaped, Gram-negative rod. It is indole-
positive, does not grow on bile agar and does not ferment

mannitol, lactose, or rhamnose. It is negative for
esculin hydrolysis, catalase, lecithinase, lipase, starch
hydrolysis, milk proteolysis, DNase, and gelatinase.
Butyrate is the major metabolic end product, which
distinguishes it from most Bacteroides species.

Treatment
Some Fusobacterium species produce �-lactamase;
therefore the use of penicillin is typically avoided or
combined with �-lactamase inhibitors. Also useful are
cefoxitin and imipenem.

12-27 FUSOBACTERIUM NECROPHORUM GROWING ON
CHOCOLATE AGAR Note the flat, grayish-brown colonies.

12-26 GRAM STAIN OF A FUSOBACTERIUM NUCLEATUM STOCK CULTURE
Note the long, thin spindle-shaped cells, ranging in length from 5–10 µm.
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Commensal strains of avirulent Haemophilus influenzae
(Class Gammaproteobacteria) can be found in the naso-
pharynx of virtually everyone over the age of 3 months.
Virulent strains also inhabit the upper respiratory tract but
to a much lesser degree. Typically transmitted from person
to person by aerosol droplets, it is an obligate human micro-
organism. It was given the name “Haemophilus” (blood
loving) because it requires specific blood factors (V and X)
to live (Figures 12-28 and 12-29). Of the six known capsu-
lar types (a–f), type b is the most pathogenic. The nonpatho-
genic forms are nonencapsulated and rarely cause disease.
Haemophilus influenzae b was once the most common
cause of bacterial meningitis in children; however, its
epidemiologic impact has dramatically changed since the
development and widespread use of vaccine in the 1990s.
Still, it is the most common cause of bacterial meningitis in
unvaccinated children, with as many as 700,000 deaths
each year worldwide. Encapsulated forms of H. influenzae
also cause epiglottitis, cellulitis, otitis, pneumonia, septi-
cemia, and endocarditis.

Differential Characteristics
Haemophilus influenzae is a small, nonmotile, facultatively
anaerobic, pleomorphic, Gram-negative rod (Figure 12-30).
Taxonomically the species is divided into six serogroups (a–f)
and/or eight biotypes (I–VIII). Serogroups are differentiated

based on capsule formation and biotypes are differentiated
based on a battery of three tests—indole, urease, and orni-
thine decarboxylase. Each biotype demonstrates a unique
combination of positive and negative results.

Treatment
Administration of third generation cephalosporins, chloram-
phenicol or fluoroquinolones for severe infection; though
ampicillin may be used, up to 25% of H. influenzae b strains
produce a �-lactamase (page 59).

146 � A Photographic Atlas for the Microbiology Laboratory

Haemophilus influenzae

12-30 GRAM STAIN OF A HAEMOPHILUS INFLUENZAE STOCK
CULTURE Note the various shapes and sizes of the cells (pleomorphism).
Cells can range in size from about 0.5 µm wide by 0.5–3.0 µm long.
H. influenzae b is also encapsulated.

12-28 HAEMOPHILUS INFLUENZAE DEMONSTRATING CHAR-
ACTERISTIC REQUIREMENT OF BOTH X AND V BLOOD FACTORS
Note the growth surrounding the strip containing both factors
and absence of growth around the discs containing only X or V
factor. X factor is hemin, V factor is NAD.

12-29 HAEMOPHILUS PARAINFLUENZAE DEMONSTRATING
CHARACTERISTIC GROWTH IN THE X–V TEST H. parainfluenzae
requires only V factor to survive. Note the growth surrounding
both the V disc and X-V strip.
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Helicobacter pylori (Class Gammaproteobacteria) is
associated with gastric ulcers, duodenal ulcers, nonulcer
dyspepsia, and gastric carcinoma. H. pylori does not enter
cells, but resides solely in the deepest parts of the mucous
layer lining the gastric mucosa and epithelial cell surface. It
causes inflammation by 1) blocking gastric acid production
with inhibitory proteins, and 2) neutralizing acid with am-
monia produced from urea hydrolysis. It avoids phagocytosis
by producing superoxide dismutase and catalase. The host
immune response to factors produced by H. pylori is re-
sponsible in part for the severity of the symptoms. The
typical immune reaction includes secretion of interleukin-8,
hypersecretion of gastric acid, and programmed epithelial
cell death. Transmission is person-to-person.

Differential Characteristics
Helicobacter pylori is a motile, curved, spiral, or straight,
slightly plump, Gram-negative rod (Figure 12-31). It is
vigorously urease-positive, catalase-positive, and oxidase-
positive. Diagnostic procedures include culture, direct
antigen test, urease test, gastric biopsy, serology, and urea
breath test.

Treatment
Administration of amoxicillin, tetracycline, metronidazole,
or bismuth subsalicylate.

SECTION 12 � Bacterial Pathogens � 147

Helicobacter pylori

12-31 GRAM STAIN OF A HELICOBACTER PYLORI STOCK CULTURE
Young cultures of H. pylori grown in vitro frequently stain Gram-positive.
These cells are uncharacteristically straight. Most are curved or spiral-
shaped. Cells range in size from 0.5 µm wide by 2.5–5 µm long.

Klebsiella pneumoniae (Class Gammaproteobacteria) is
found in soil, water, grain, fruits, vegetables, and the intes-
tinal tracts of a variety of animals including humans. It is
harbored in the nasopharynx and oropharynx of humans
and is frequently transmitted as aerosol droplets from person
to person. K. pneumoniae is a very common nosocomial
pathogen, but also causes community-acquired primary
lobar pneumonia—a severe (frequently fatal) necrotizing
infection. Nosocomial infections commonly caused by
K. pneumoniae are pneumonia, urinary tract infections,
bronchitis, surgical wound infections, biliary tract infections,
and hospital associated bacteremia. The organism owes its
virulence to endotoxin production and its ability to form
a protective polysaccharide capsule. Over the last several
years, plasmid-mediated antibiotic resistance in the species
(in response to widespread antibiotic use) has complicated
treatment efforts and necessitated antimicrobial susceptibility
testing on specific isolates.

Differential Characteristics
K. pneumoniae is a nonmotile, encapsulated, facultatively
anaerobic, Gram-negative rod (Figures 6-20, 12-32 and

12-33). K. pneumoniae is negative for indole, arginine and
ornithine decarboxylase, and positive for lysine decarboxylase.

Klebsiella pneumoniae

12-32 GRAM STAIN OF A KLEBSIELLA PNEUMONIAE STOCK
CULTURE Cells range in size from 0.3–1.0 µm wide by 0.6–6.0 µm long.
Note the bipolar staining (arrows).
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Commensal strains of avirulent Haemophilus influenzae
(Class Gammaproteobacteria) can be found in the naso-
pharynx of virtually everyone over the age of 3 months.
Virulent strains also inhabit the upper respiratory tract but
to a much lesser degree. Typically transmitted from person
to person by aerosol droplets, it is an obligate human micro-
organism. It was given the name “Haemophilus” (blood
loving) because it requires specific blood factors (V and X)
to live (Figures 12-28 and 12-29). Of the six known capsu-
lar types (a–f), type b is the most pathogenic. The nonpatho-
genic forms are nonencapsulated and rarely cause disease.
Haemophilus influenzae b was once the most common
cause of bacterial meningitis in children; however, its
epidemiologic impact has dramatically changed since the
development and widespread use of vaccine in the 1990s.
Still, it is the most common cause of bacterial meningitis in
unvaccinated children, with as many as 700,000 deaths
each year worldwide. Encapsulated forms of H. influenzae
also cause epiglottitis, cellulitis, otitis, pneumonia, septi-
cemia, and endocarditis.

Differential Characteristics
Haemophilus influenzae is a small, nonmotile, facultatively
anaerobic, pleomorphic, Gram-negative rod (Figure 12-30).
Taxonomically the species is divided into six serogroups (a–f)
and/or eight biotypes (I–VIII). Serogroups are differentiated

based on capsule formation and biotypes are differentiated
based on a battery of three tests—indole, urease, and orni-
thine decarboxylase. Each biotype demonstrates a unique
combination of positive and negative results.

Treatment
Administration of third generation cephalosporins, chloram-
phenicol or fluoroquinolones for severe infection; though
ampicillin may be used, up to 25% of H. influenzae b strains
produce a �-lactamase (page 59).

146 � A Photographic Atlas for the Microbiology Laboratory

Haemophilus influenzae

12-30 GRAM STAIN OF A HAEMOPHILUS INFLUENZAE STOCK
CULTURE Note the various shapes and sizes of the cells (pleomorphism).
Cells can range in size from about 0.5 µm wide by 0.5–3.0 µm long.
H. influenzae b is also encapsulated.

12-28 HAEMOPHILUS INFLUENZAE DEMONSTRATING CHAR-
ACTERISTIC REQUIREMENT OF BOTH X AND V BLOOD FACTORS
Note the growth surrounding the strip containing both factors
and absence of growth around the discs containing only X or V
factor. X factor is hemin, V factor is NAD.

12-29 HAEMOPHILUS PARAINFLUENZAE DEMONSTRATING
CHARACTERISTIC GROWTH IN THE X–V TEST H. parainfluenzae
requires only V factor to survive. Note the growth surrounding
both the V disc and X-V strip.
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Helicobacter pylori (Class Gammaproteobacteria) is
associated with gastric ulcers, duodenal ulcers, nonulcer
dyspepsia, and gastric carcinoma. H. pylori does not enter
cells, but resides solely in the deepest parts of the mucous
layer lining the gastric mucosa and epithelial cell surface. It
causes inflammation by 1) blocking gastric acid production
with inhibitory proteins, and 2) neutralizing acid with am-
monia produced from urea hydrolysis. It avoids phagocytosis
by producing superoxide dismutase and catalase. The host
immune response to factors produced by H. pylori is re-
sponsible in part for the severity of the symptoms. The
typical immune reaction includes secretion of interleukin-8,
hypersecretion of gastric acid, and programmed epithelial
cell death. Transmission is person-to-person.

Differential Characteristics
Helicobacter pylori is a motile, curved, spiral, or straight,
slightly plump, Gram-negative rod (Figure 12-31). It is
vigorously urease-positive, catalase-positive, and oxidase-
positive. Diagnostic procedures include culture, direct
antigen test, urease test, gastric biopsy, serology, and urea
breath test.

Treatment
Administration of amoxicillin, tetracycline, metronidazole,
or bismuth subsalicylate.

SECTION 12 � Bacterial Pathogens � 147

Helicobacter pylori

12-31 GRAM STAIN OF A HELICOBACTER PYLORI STOCK CULTURE
Young cultures of H. pylori grown in vitro frequently stain Gram-positive.
These cells are uncharacteristically straight. Most are curved or spiral-
shaped. Cells range in size from 0.5 µm wide by 2.5–5 µm long.

Klebsiella pneumoniae (Class Gammaproteobacteria) is
found in soil, water, grain, fruits, vegetables, and the intes-
tinal tracts of a variety of animals including humans. It is
harbored in the nasopharynx and oropharynx of humans
and is frequently transmitted as aerosol droplets from person
to person. K. pneumoniae is a very common nosocomial
pathogen, but also causes community-acquired primary
lobar pneumonia—a severe (frequently fatal) necrotizing
infection. Nosocomial infections commonly caused by
K. pneumoniae are pneumonia, urinary tract infections,
bronchitis, surgical wound infections, biliary tract infections,
and hospital associated bacteremia. The organism owes its
virulence to endotoxin production and its ability to form
a protective polysaccharide capsule. Over the last several
years, plasmid-mediated antibiotic resistance in the species
(in response to widespread antibiotic use) has complicated
treatment efforts and necessitated antimicrobial susceptibility
testing on specific isolates.

Differential Characteristics
K. pneumoniae is a nonmotile, encapsulated, facultatively
anaerobic, Gram-negative rod (Figures 6-20, 12-32 and

12-33). K. pneumoniae is negative for indole, arginine and
ornithine decarboxylase, and positive for lysine decarboxylase.

Klebsiella pneumoniae

12-32 GRAM STAIN OF A KLEBSIELLA PNEUMONIAE STOCK
CULTURE Cells range in size from 0.3–1.0 µm wide by 0.6–6.0 µm long.
Note the bipolar staining (arrows).
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Commensal strains of avirulent Haemophilus influenzae
(Class Gammaproteobacteria) can be found in the naso-
pharynx of virtually everyone over the age of 3 months.
Virulent strains also inhabit the upper respiratory tract but
to a much lesser degree. Typically transmitted from person
to person by aerosol droplets, it is an obligate human micro-
organism. It was given the name “Haemophilus” (blood
loving) because it requires specific blood factors (V and X)
to live (Figures 12-28 and 12-29). Of the six known capsu-
lar types (a–f), type b is the most pathogenic. The nonpatho-
genic forms are nonencapsulated and rarely cause disease.
Haemophilus influenzae b was once the most common
cause of bacterial meningitis in children; however, its
epidemiologic impact has dramatically changed since the
development and widespread use of vaccine in the 1990s.
Still, it is the most common cause of bacterial meningitis in
unvaccinated children, with as many as 700,000 deaths
each year worldwide. Encapsulated forms of H. influenzae
also cause epiglottitis, cellulitis, otitis, pneumonia, septi-
cemia, and endocarditis.

Differential Characteristics
Haemophilus influenzae is a small, nonmotile, facultatively
anaerobic, pleomorphic, Gram-negative rod (Figure 12-30).
Taxonomically the species is divided into six serogroups (a–f)
and/or eight biotypes (I–VIII). Serogroups are differentiated

based on capsule formation and biotypes are differentiated
based on a battery of three tests—indole, urease, and orni-
thine decarboxylase. Each biotype demonstrates a unique
combination of positive and negative results.

Treatment
Administration of third generation cephalosporins, chloram-
phenicol or fluoroquinolones for severe infection; though
ampicillin may be used, up to 25% of H. influenzae b strains
produce a �-lactamase (page 59).
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Haemophilus influenzae

12-30 GRAM STAIN OF A HAEMOPHILUS INFLUENZAE STOCK
CULTURE Note the various shapes and sizes of the cells (pleomorphism).
Cells can range in size from about 0.5 µm wide by 0.5–3.0 µm long.
H. influenzae b is also encapsulated.

12-28 HAEMOPHILUS INFLUENZAE DEMONSTRATING CHAR-
ACTERISTIC REQUIREMENT OF BOTH X AND V BLOOD FACTORS
Note the growth surrounding the strip containing both factors
and absence of growth around the discs containing only X or V
factor. X factor is hemin, V factor is NAD.

12-29 HAEMOPHILUS PARAINFLUENZAE DEMONSTRATING
CHARACTERISTIC GROWTH IN THE X–V TEST H. parainfluenzae
requires only V factor to survive. Note the growth surrounding
both the V disc and X-V strip.
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Helicobacter pylori (Class Gammaproteobacteria) is
associated with gastric ulcers, duodenal ulcers, nonulcer
dyspepsia, and gastric carcinoma. H. pylori does not enter
cells, but resides solely in the deepest parts of the mucous
layer lining the gastric mucosa and epithelial cell surface. It
causes inflammation by 1) blocking gastric acid production
with inhibitory proteins, and 2) neutralizing acid with am-
monia produced from urea hydrolysis. It avoids phagocytosis
by producing superoxide dismutase and catalase. The host
immune response to factors produced by H. pylori is re-
sponsible in part for the severity of the symptoms. The
typical immune reaction includes secretion of interleukin-8,
hypersecretion of gastric acid, and programmed epithelial
cell death. Transmission is person-to-person.

Differential Characteristics
Helicobacter pylori is a motile, curved, spiral, or straight,
slightly plump, Gram-negative rod (Figure 12-31). It is
vigorously urease-positive, catalase-positive, and oxidase-
positive. Diagnostic procedures include culture, direct
antigen test, urease test, gastric biopsy, serology, and urea
breath test.

Treatment
Administration of amoxicillin, tetracycline, metronidazole,
or bismuth subsalicylate.
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Helicobacter pylori

12-31 GRAM STAIN OF A HELICOBACTER PYLORI STOCK CULTURE
Young cultures of H. pylori grown in vitro frequently stain Gram-positive.
These cells are uncharacteristically straight. Most are curved or spiral-
shaped. Cells range in size from 0.5 µm wide by 2.5–5 µm long.

Klebsiella pneumoniae (Class Gammaproteobacteria) is
found in soil, water, grain, fruits, vegetables, and the intes-
tinal tracts of a variety of animals including humans. It is
harbored in the nasopharynx and oropharynx of humans
and is frequently transmitted as aerosol droplets from person
to person. K. pneumoniae is a very common nosocomial
pathogen, but also causes community-acquired primary
lobar pneumonia—a severe (frequently fatal) necrotizing
infection. Nosocomial infections commonly caused by
K. pneumoniae are pneumonia, urinary tract infections,
bronchitis, surgical wound infections, biliary tract infections,
and hospital associated bacteremia. The organism owes its
virulence to endotoxin production and its ability to form
a protective polysaccharide capsule. Over the last several
years, plasmid-mediated antibiotic resistance in the species
(in response to widespread antibiotic use) has complicated
treatment efforts and necessitated antimicrobial susceptibility
testing on specific isolates.

Differential Characteristics
K. pneumoniae is a nonmotile, encapsulated, facultatively
anaerobic, Gram-negative rod (Figures 6-20, 12-32 and

12-33). K. pneumoniae is negative for indole, arginine and
ornithine decarboxylase, and positive for lysine decarboxylase.

Klebsiella pneumoniae

12-32 GRAM STAIN OF A KLEBSIELLA PNEUMONIAE STOCK
CULTURE Cells range in size from 0.3–1.0 µm wide by 0.6–6.0 µm long.
Note the bipolar staining (arrows).
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Commensal strains of avirulent Haemophilus influenzae
(Class Gammaproteobacteria) can be found in the naso-
pharynx of virtually everyone over the age of 3 months.
Virulent strains also inhabit the upper respiratory tract but
to a much lesser degree. Typically transmitted from person
to person by aerosol droplets, it is an obligate human micro-
organism. It was given the name “Haemophilus” (blood
loving) because it requires specific blood factors (V and X)
to live (Figures 12-28 and 12-29). Of the six known capsu-
lar types (a–f), type b is the most pathogenic. The nonpatho-
genic forms are nonencapsulated and rarely cause disease.
Haemophilus influenzae b was once the most common
cause of bacterial meningitis in children; however, its
epidemiologic impact has dramatically changed since the
development and widespread use of vaccine in the 1990s.
Still, it is the most common cause of bacterial meningitis in
unvaccinated children, with as many as 700,000 deaths
each year worldwide. Encapsulated forms of H. influenzae
also cause epiglottitis, cellulitis, otitis, pneumonia, septi-
cemia, and endocarditis.

Differential Characteristics
Haemophilus influenzae is a small, nonmotile, facultatively
anaerobic, pleomorphic, Gram-negative rod (Figure 12-30).
Taxonomically the species is divided into six serogroups (a–f)
and/or eight biotypes (I–VIII). Serogroups are differentiated

based on capsule formation and biotypes are differentiated
based on a battery of three tests—indole, urease, and orni-
thine decarboxylase. Each biotype demonstrates a unique
combination of positive and negative results.

Treatment
Administration of third generation cephalosporins, chloram-
phenicol or fluoroquinolones for severe infection; though
ampicillin may be used, up to 25% of H. influenzae b strains
produce a �-lactamase (page 59).
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Haemophilus influenzae

12-30 GRAM STAIN OF A HAEMOPHILUS INFLUENZAE STOCK
CULTURE Note the various shapes and sizes of the cells (pleomorphism).
Cells can range in size from about 0.5 µm wide by 0.5–3.0 µm long.
H. influenzae b is also encapsulated.

12-28 HAEMOPHILUS INFLUENZAE DEMONSTRATING CHAR-
ACTERISTIC REQUIREMENT OF BOTH X AND V BLOOD FACTORS
Note the growth surrounding the strip containing both factors
and absence of growth around the discs containing only X or V
factor. X factor is hemin, V factor is NAD.

12-29 HAEMOPHILUS PARAINFLUENZAE DEMONSTRATING
CHARACTERISTIC GROWTH IN THE X–V TEST H. parainfluenzae
requires only V factor to survive. Note the growth surrounding
both the V disc and X-V strip.
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Helicobacter pylori (Class Gammaproteobacteria) is
associated with gastric ulcers, duodenal ulcers, nonulcer
dyspepsia, and gastric carcinoma. H. pylori does not enter
cells, but resides solely in the deepest parts of the mucous
layer lining the gastric mucosa and epithelial cell surface. It
causes inflammation by 1) blocking gastric acid production
with inhibitory proteins, and 2) neutralizing acid with am-
monia produced from urea hydrolysis. It avoids phagocytosis
by producing superoxide dismutase and catalase. The host
immune response to factors produced by H. pylori is re-
sponsible in part for the severity of the symptoms. The
typical immune reaction includes secretion of interleukin-8,
hypersecretion of gastric acid, and programmed epithelial
cell death. Transmission is person-to-person.

Differential Characteristics
Helicobacter pylori is a motile, curved, spiral, or straight,
slightly plump, Gram-negative rod (Figure 12-31). It is
vigorously urease-positive, catalase-positive, and oxidase-
positive. Diagnostic procedures include culture, direct
antigen test, urease test, gastric biopsy, serology, and urea
breath test.

Treatment
Administration of amoxicillin, tetracycline, metronidazole,
or bismuth subsalicylate.
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Helicobacter pylori

12-31 GRAM STAIN OF A HELICOBACTER PYLORI STOCK CULTURE
Young cultures of H. pylori grown in vitro frequently stain Gram-positive.
These cells are uncharacteristically straight. Most are curved or spiral-
shaped. Cells range in size from 0.5 µm wide by 2.5–5 µm long.

Klebsiella pneumoniae (Class Gammaproteobacteria) is
found in soil, water, grain, fruits, vegetables, and the intes-
tinal tracts of a variety of animals including humans. It is
harbored in the nasopharynx and oropharynx of humans
and is frequently transmitted as aerosol droplets from person
to person. K. pneumoniae is a very common nosocomial
pathogen, but also causes community-acquired primary
lobar pneumonia—a severe (frequently fatal) necrotizing
infection. Nosocomial infections commonly caused by
K. pneumoniae are pneumonia, urinary tract infections,
bronchitis, surgical wound infections, biliary tract infections,
and hospital associated bacteremia. The organism owes its
virulence to endotoxin production and its ability to form
a protective polysaccharide capsule. Over the last several
years, plasmid-mediated antibiotic resistance in the species
(in response to widespread antibiotic use) has complicated
treatment efforts and necessitated antimicrobial susceptibility
testing on specific isolates.

Differential Characteristics
K. pneumoniae is a nonmotile, encapsulated, facultatively
anaerobic, Gram-negative rod (Figures 6-20, 12-32 and

12-33). K. pneumoniae is negative for indole, arginine and
ornithine decarboxylase, and positive for lysine decarboxylase.

Klebsiella pneumoniae

12-32 GRAM STAIN OF A KLEBSIELLA PNEUMONIAE STOCK
CULTURE Cells range in size from 0.3–1.0 µm wide by 0.6–6.0 µm long.
Note the bipolar staining (arrows).
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Treatment
As mentioned above, plasmid-mediated antibiotic resistance
has necessitated the use of antimicrobial susceptibility test-
ing of individual isolates before selecting the most effective
final treatment. Agents traditionally used are 1st, 2nd, and
3rd generation cephalosporins. Also used are penicillins,
imipenem with cilastatin, aztreonam, fluoroquinolones, and
meropenem.

148 � A Photographic Atlas for the Microbiology Laboratory

12-33 KLEBSIELLA
PNEUMONIAE ON SHEEP
BLOOD AGAR Note the
mucoid appearance due
to large polysaccharide
capsules.

Legionella pneumophila (Class Gammaproteobacteria) is a
comparatively “new” organism, having only been discovered
following the outbreak of Legionnaires’ disease in 1976. In
the hotels and hospitals where outbreaks have occurred, the
organism has been isolated from fresh water sources and
various plumbing fixtures. Although recently discovered, L.
pneumophila has been found in abundance in aquatic habi-
tats worldwide, including chlorinated hot tubs. Interestingly,
the organism survives in such harsh conditions because it is
able to parasitize amoebae living in the water. L. pneumo-
phila is not passed directly from person to person but is in-
haled as aerosols from environmental sources. Legionellosis
is the general heading used to include all of the diseases
caused by this organism (i.e., Legionnaires’ disease—
a pneumonia-like disease, Pontiac fever—a milder, short
term flu-like illness, and a variety of other systemic infec-
tions). Although capable of surviving extracellularly, it is
classified as an intracellular pathogen because of its ability
to survive and multiply inside phagosomes of pulmonary
macrophages. The multiplying bacteria eventually kill the
macrophages, spread, and repeat the process. The number
of Legionella associated infections reported in the United
States annually is 1,500 to 1,800. The CDC estimates that
10,000 to 20,000 cases go unreported each year.

Differential Characteristics
L. pneumophila is a motile, nonsporing, aerobic, Gram-
negative rod (Figure 12-34). Diagnostic procedures include

culture, Legionella antigen urine test, DNA probe, and
polymerase chain reaction (PCR—page 111).

Treatment
Administration of azithromycin individually or combined
with rifampin, erythromycin individually or combined with
rifampin, clarithromycin, ciprofloxacin, or levofloxacin.

Legionella pneumophila

12-34 GRAM STAIN OF A LEGIONELLA PNEUMOPHILA STOCK
CULTURE Cells can range in size from less than 1 µm wide by 2–20 µm
long or more.
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Listeria monocytogenes (Phylum Firmicutes) is a very com-
mon soil saprophyte and vegetable matter decomposer, but
it can also be found in red meat, poultry, fish, and the intes-
tinal tract of many animals including humans. It is also a
common contaminant of raw milk and cheeses. The organ-
ism gains entry to the body as a food-borne contaminant or
through openings in the skin. After attaching to host epithe-
lial cells, it induces phagocytosis. Once in the phagolyso-
some, it produces an enzyme that lyses the phagolysosome
and releases the cells to the cytoplasm. The protein ActA
on the cells’ surface induces host cell actin to push them to
the surface, where they enter protrusions called filopods.
Filopods are subsequently phagocytized by adjacent epithe-
lial cells and macrophages, and the process repeats in these
new cells. This spreading mechanism protects Listeria from
defenses such as complement and antibodies. L. monocyto-
genes primarily affects pregnant women and their fetuses,
immunocompromised individuals, and the elderly, but has
recently been associated with gastroenteritis in healthy
adults. Listeriosis is the general heading used to include all
diseases caused by the organism. In adults and elderly,
meningitis is the most common form of listeriosis. In neo-
nates, the disease takes one of two forms—early-onset and
late-onset. Early-onset disease is acquired in utero, while
late-onset infections occur at or soon after birth. Granulo-
matosis infantiseptica is the early-onset disease and is fre-
quently fatal. Neonatal meningoencephalitis is the late-onset
form. Bacteremia is the most common form of disease for
immunocompromised individuals.

Differential Characteristics
L. monocytogenes is a small, motile, �-hemolytic, non-
sporing, Gram-positive rod (Figure 12-35). It is catalase-
positive, ferments glucose, trehalose and salicin, and
hydrolyzes esculin (Figure 12-36). Diagnostic tests include
Gram stain, cerebrospinal fluid (CSF) culture or analysis,
aerobic and anaerobic blood culture, and lumbar puncture.

Treatment
Administration of ampicillin individually or combined with
gentamicin, penicillin G individually or combined with
gentamicin.

Listeria monocytogenes

12-35 GRAM STAIN OF A LISTERIA MONOCYTOGENES STOCK
CULTURE This organism typically appears as single cells, diplobacilli,
chains, or clusters of parallel cells with blunt ends, all of which are visible
in this micrograph. Sizes range from 0.5 µm wide to 1–2 µm long.

12-36 LISTERIA MONOCYTOGENES ON OXFORD MEDIUM Note the
darkening of the medium due to esculin hydrolysis. See Bile Esculin
Agar on page 60.
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Treatment
As mentioned above, plasmid-mediated antibiotic resistance
has necessitated the use of antimicrobial susceptibility test-
ing of individual isolates before selecting the most effective
final treatment. Agents traditionally used are 1st, 2nd, and
3rd generation cephalosporins. Also used are penicillins,
imipenem with cilastatin, aztreonam, fluoroquinolones, and
meropenem.
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Legionella pneumophila (Class Gammaproteobacteria) is a
comparatively “new” organism, having only been discovered
following the outbreak of Legionnaires’ disease in 1976. In
the hotels and hospitals where outbreaks have occurred, the
organism has been isolated from fresh water sources and
various plumbing fixtures. Although recently discovered, L.
pneumophila has been found in abundance in aquatic habi-
tats worldwide, including chlorinated hot tubs. Interestingly,
the organism survives in such harsh conditions because it is
able to parasitize amoebae living in the water. L. pneumo-
phila is not passed directly from person to person but is in-
haled as aerosols from environmental sources. Legionellosis
is the general heading used to include all of the diseases
caused by this organism (i.e., Legionnaires’ disease—
a pneumonia-like disease, Pontiac fever—a milder, short
term flu-like illness, and a variety of other systemic infec-
tions). Although capable of surviving extracellularly, it is
classified as an intracellular pathogen because of its ability
to survive and multiply inside phagosomes of pulmonary
macrophages. The multiplying bacteria eventually kill the
macrophages, spread, and repeat the process. The number
of Legionella associated infections reported in the United
States annually is 1,500 to 1,800. The CDC estimates that
10,000 to 20,000 cases go unreported each year.

Differential Characteristics
L. pneumophila is a motile, nonsporing, aerobic, Gram-
negative rod (Figure 12-34). Diagnostic procedures include

culture, Legionella antigen urine test, DNA probe, and
polymerase chain reaction (PCR—page 111).

Treatment
Administration of azithromycin individually or combined
with rifampin, erythromycin individually or combined with
rifampin, clarithromycin, ciprofloxacin, or levofloxacin.

Legionella pneumophila

12-34 GRAM STAIN OF A LEGIONELLA PNEUMOPHILA STOCK
CULTURE Cells can range in size from less than 1 µm wide by 2–20 µm
long or more.
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Listeria monocytogenes (Phylum Firmicutes) is a very com-
mon soil saprophyte and vegetable matter decomposer, but
it can also be found in red meat, poultry, fish, and the intes-
tinal tract of many animals including humans. It is also a
common contaminant of raw milk and cheeses. The organ-
ism gains entry to the body as a food-borne contaminant or
through openings in the skin. After attaching to host epithe-
lial cells, it induces phagocytosis. Once in the phagolyso-
some, it produces an enzyme that lyses the phagolysosome
and releases the cells to the cytoplasm. The protein ActA
on the cells’ surface induces host cell actin to push them to
the surface, where they enter protrusions called filopods.
Filopods are subsequently phagocytized by adjacent epithe-
lial cells and macrophages, and the process repeats in these
new cells. This spreading mechanism protects Listeria from
defenses such as complement and antibodies. L. monocyto-
genes primarily affects pregnant women and their fetuses,
immunocompromised individuals, and the elderly, but has
recently been associated with gastroenteritis in healthy
adults. Listeriosis is the general heading used to include all
diseases caused by the organism. In adults and elderly,
meningitis is the most common form of listeriosis. In neo-
nates, the disease takes one of two forms—early-onset and
late-onset. Early-onset disease is acquired in utero, while
late-onset infections occur at or soon after birth. Granulo-
matosis infantiseptica is the early-onset disease and is fre-
quently fatal. Neonatal meningoencephalitis is the late-onset
form. Bacteremia is the most common form of disease for
immunocompromised individuals.

Differential Characteristics
L. monocytogenes is a small, motile, �-hemolytic, non-
sporing, Gram-positive rod (Figure 12-35). It is catalase-
positive, ferments glucose, trehalose and salicin, and
hydrolyzes esculin (Figure 12-36). Diagnostic tests include
Gram stain, cerebrospinal fluid (CSF) culture or analysis,
aerobic and anaerobic blood culture, and lumbar puncture.

Treatment
Administration of ampicillin individually or combined with
gentamicin, penicillin G individually or combined with
gentamicin.

Listeria monocytogenes

12-35 GRAM STAIN OF A LISTERIA MONOCYTOGENES STOCK
CULTURE This organism typically appears as single cells, diplobacilli,
chains, or clusters of parallel cells with blunt ends, all of which are visible
in this micrograph. Sizes range from 0.5 µm wide to 1–2 µm long.

12-36 LISTERIA MONOCYTOGENES ON OXFORD MEDIUM Note the
darkening of the medium due to esculin hydrolysis. See Bile Esculin
Agar on page 60.
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Treatment
As mentioned above, plasmid-mediated antibiotic resistance
has necessitated the use of antimicrobial susceptibility test-
ing of individual isolates before selecting the most effective
final treatment. Agents traditionally used are 1st, 2nd, and
3rd generation cephalosporins. Also used are penicillins,
imipenem with cilastatin, aztreonam, fluoroquinolones, and
meropenem.

148 � A Photographic Atlas for the Microbiology Laboratory
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Legionella pneumophila (Class Gammaproteobacteria) is a
comparatively “new” organism, having only been discovered
following the outbreak of Legionnaires’ disease in 1976. In
the hotels and hospitals where outbreaks have occurred, the
organism has been isolated from fresh water sources and
various plumbing fixtures. Although recently discovered, L.
pneumophila has been found in abundance in aquatic habi-
tats worldwide, including chlorinated hot tubs. Interestingly,
the organism survives in such harsh conditions because it is
able to parasitize amoebae living in the water. L. pneumo-
phila is not passed directly from person to person but is in-
haled as aerosols from environmental sources. Legionellosis
is the general heading used to include all of the diseases
caused by this organism (i.e., Legionnaires’ disease—
a pneumonia-like disease, Pontiac fever—a milder, short
term flu-like illness, and a variety of other systemic infec-
tions). Although capable of surviving extracellularly, it is
classified as an intracellular pathogen because of its ability
to survive and multiply inside phagosomes of pulmonary
macrophages. The multiplying bacteria eventually kill the
macrophages, spread, and repeat the process. The number
of Legionella associated infections reported in the United
States annually is 1,500 to 1,800. The CDC estimates that
10,000 to 20,000 cases go unreported each year.

Differential Characteristics
L. pneumophila is a motile, nonsporing, aerobic, Gram-
negative rod (Figure 12-34). Diagnostic procedures include

culture, Legionella antigen urine test, DNA probe, and
polymerase chain reaction (PCR—page 111).

Treatment
Administration of azithromycin individually or combined
with rifampin, erythromycin individually or combined with
rifampin, clarithromycin, ciprofloxacin, or levofloxacin.

Legionella pneumophila

12-34 GRAM STAIN OF A LEGIONELLA PNEUMOPHILA STOCK
CULTURE Cells can range in size from less than 1 µm wide by 2–20 µm
long or more.
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Listeria monocytogenes (Phylum Firmicutes) is a very com-
mon soil saprophyte and vegetable matter decomposer, but
it can also be found in red meat, poultry, fish, and the intes-
tinal tract of many animals including humans. It is also a
common contaminant of raw milk and cheeses. The organ-
ism gains entry to the body as a food-borne contaminant or
through openings in the skin. After attaching to host epithe-
lial cells, it induces phagocytosis. Once in the phagolyso-
some, it produces an enzyme that lyses the phagolysosome
and releases the cells to the cytoplasm. The protein ActA
on the cells’ surface induces host cell actin to push them to
the surface, where they enter protrusions called filopods.
Filopods are subsequently phagocytized by adjacent epithe-
lial cells and macrophages, and the process repeats in these
new cells. This spreading mechanism protects Listeria from
defenses such as complement and antibodies. L. monocyto-
genes primarily affects pregnant women and their fetuses,
immunocompromised individuals, and the elderly, but has
recently been associated with gastroenteritis in healthy
adults. Listeriosis is the general heading used to include all
diseases caused by the organism. In adults and elderly,
meningitis is the most common form of listeriosis. In neo-
nates, the disease takes one of two forms—early-onset and
late-onset. Early-onset disease is acquired in utero, while
late-onset infections occur at or soon after birth. Granulo-
matosis infantiseptica is the early-onset disease and is fre-
quently fatal. Neonatal meningoencephalitis is the late-onset
form. Bacteremia is the most common form of disease for
immunocompromised individuals.

Differential Characteristics
L. monocytogenes is a small, motile, �-hemolytic, non-
sporing, Gram-positive rod (Figure 12-35). It is catalase-
positive, ferments glucose, trehalose and salicin, and
hydrolyzes esculin (Figure 12-36). Diagnostic tests include
Gram stain, cerebrospinal fluid (CSF) culture or analysis,
aerobic and anaerobic blood culture, and lumbar puncture.

Treatment
Administration of ampicillin individually or combined with
gentamicin, penicillin G individually or combined with
gentamicin.

Listeria monocytogenes

12-35 GRAM STAIN OF A LISTERIA MONOCYTOGENES STOCK
CULTURE This organism typically appears as single cells, diplobacilli,
chains, or clusters of parallel cells with blunt ends, all of which are visible
in this micrograph. Sizes range from 0.5 µm wide to 1–2 µm long.

12-36 LISTERIA MONOCYTOGENES ON OXFORD MEDIUM Note the
darkening of the medium due to esculin hydrolysis. See Bile Esculin
Agar on page 60.
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Treatment
As mentioned above, plasmid-mediated antibiotic resistance
has necessitated the use of antimicrobial susceptibility test-
ing of individual isolates before selecting the most effective
final treatment. Agents traditionally used are 1st, 2nd, and
3rd generation cephalosporins. Also used are penicillins,
imipenem with cilastatin, aztreonam, fluoroquinolones, and
meropenem.
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Legionella pneumophila (Class Gammaproteobacteria) is a
comparatively “new” organism, having only been discovered
following the outbreak of Legionnaires’ disease in 1976. In
the hotels and hospitals where outbreaks have occurred, the
organism has been isolated from fresh water sources and
various plumbing fixtures. Although recently discovered, L.
pneumophila has been found in abundance in aquatic habi-
tats worldwide, including chlorinated hot tubs. Interestingly,
the organism survives in such harsh conditions because it is
able to parasitize amoebae living in the water. L. pneumo-
phila is not passed directly from person to person but is in-
haled as aerosols from environmental sources. Legionellosis
is the general heading used to include all of the diseases
caused by this organism (i.e., Legionnaires’ disease—
a pneumonia-like disease, Pontiac fever—a milder, short
term flu-like illness, and a variety of other systemic infec-
tions). Although capable of surviving extracellularly, it is
classified as an intracellular pathogen because of its ability
to survive and multiply inside phagosomes of pulmonary
macrophages. The multiplying bacteria eventually kill the
macrophages, spread, and repeat the process. The number
of Legionella associated infections reported in the United
States annually is 1,500 to 1,800. The CDC estimates that
10,000 to 20,000 cases go unreported each year.

Differential Characteristics
L. pneumophila is a motile, nonsporing, aerobic, Gram-
negative rod (Figure 12-34). Diagnostic procedures include

culture, Legionella antigen urine test, DNA probe, and
polymerase chain reaction (PCR—page 111).

Treatment
Administration of azithromycin individually or combined
with rifampin, erythromycin individually or combined with
rifampin, clarithromycin, ciprofloxacin, or levofloxacin.

Legionella pneumophila

12-34 GRAM STAIN OF A LEGIONELLA PNEUMOPHILA STOCK
CULTURE Cells can range in size from less than 1 µm wide by 2–20 µm
long or more.
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Listeria monocytogenes (Phylum Firmicutes) is a very com-
mon soil saprophyte and vegetable matter decomposer, but
it can also be found in red meat, poultry, fish, and the intes-
tinal tract of many animals including humans. It is also a
common contaminant of raw milk and cheeses. The organ-
ism gains entry to the body as a food-borne contaminant or
through openings in the skin. After attaching to host epithe-
lial cells, it induces phagocytosis. Once in the phagolyso-
some, it produces an enzyme that lyses the phagolysosome
and releases the cells to the cytoplasm. The protein ActA
on the cells’ surface induces host cell actin to push them to
the surface, where they enter protrusions called filopods.
Filopods are subsequently phagocytized by adjacent epithe-
lial cells and macrophages, and the process repeats in these
new cells. This spreading mechanism protects Listeria from
defenses such as complement and antibodies. L. monocyto-
genes primarily affects pregnant women and their fetuses,
immunocompromised individuals, and the elderly, but has
recently been associated with gastroenteritis in healthy
adults. Listeriosis is the general heading used to include all
diseases caused by the organism. In adults and elderly,
meningitis is the most common form of listeriosis. In neo-
nates, the disease takes one of two forms—early-onset and
late-onset. Early-onset disease is acquired in utero, while
late-onset infections occur at or soon after birth. Granulo-
matosis infantiseptica is the early-onset disease and is fre-
quently fatal. Neonatal meningoencephalitis is the late-onset
form. Bacteremia is the most common form of disease for
immunocompromised individuals.

Differential Characteristics
L. monocytogenes is a small, motile, �-hemolytic, non-
sporing, Gram-positive rod (Figure 12-35). It is catalase-
positive, ferments glucose, trehalose and salicin, and
hydrolyzes esculin (Figure 12-36). Diagnostic tests include
Gram stain, cerebrospinal fluid (CSF) culture or analysis,
aerobic and anaerobic blood culture, and lumbar puncture.

Treatment
Administration of ampicillin individually or combined with
gentamicin, penicillin G individually or combined with
gentamicin.

Listeria monocytogenes

12-35 GRAM STAIN OF A LISTERIA MONOCYTOGENES STOCK
CULTURE This organism typically appears as single cells, diplobacilli,
chains, or clusters of parallel cells with blunt ends, all of which are visible
in this micrograph. Sizes range from 0.5 µm wide to 1–2 µm long.

12-36 LISTERIA MONOCYTOGENES ON OXFORD MEDIUM Note the
darkening of the medium due to esculin hydrolysis. See Bile Esculin
Agar on page 60.
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Mycobacterium leprae (Phylum Actinobacteria) is the causa-
tive agent of leprosy—now rare in the United States, but still
a serious problem in Asia and Africa. Although it can be
cultivated in a few laboratory animals, it is believed to occur
naturally only in humans and in the nine-banded armadillo
of Texas and Louisiana. Like Legionella and Listeria, M.
leprae is an intracellular parasite. Once ingested by a macro-
phage it survives by chemically suppressing the cell’s defen-
sive activity. Two distinctive forms of leprosy are known to
occur—lepromatous leprosy and tuberculoid leprosy. In lep-
romatous leprosy, the more contagious form of disease, host
immune response is suppressed, followed by rapid prolifera-
tion of the organism, severe disfigurement, and loss of nerve
function. In tuberculoid leprosy, a vigorous host immune
response results in the formation of granulomas on the face,
trunk, and extremities. Several intermediate forms of the
disease also exist. The mode of transmission is not well un-
derstood, however, a victim with the lepromatous form can
shed billions of bacterial cells from the nose in a single day.

Differential Characteristics
M. leprae is a nonmotile, anaerobic, acid-fast, nonsporing,
weakly Gram-positive rod (Figure 12-37). M. leprae is
uncultivable in vitro, therefore, standard biochemical tests
are not useful in identifying it. Clinical diagnoses are based
on characteristics of the disease, Gram and acid-fast stain-
ing, and biopsies from skin lesions or nasal secretions. A

skin test using lepromin, an antigen extraction from
lepromatous lesions is also available.

Treatment
The World Health Organization recommends multidrug
therapy (MDT), which includes the drugs dapsone, rifam-
picin, and clofazimine. This approach has seen great success
and the drugs are provided free of charge to leprosy patients
worldwide.

150 � A Photographic Atlas for the Microbiology Laboratory

Mycobacterium leprae

12-37 ACID-FAST STAIN OF A MYCOBACTERIUM LEPRAE STOCK
CULTURE These rods can be straight or curved and are typically found
in clusters.

Mycobacterium tuberculosis
Mycobacterium tuberculosis (Phylum Actinobacteria) is
the pathogen responsible for tuberculosis. Humans are its
principal host and reservoir, although it has been isolated
from other primates. It can be passed directly from person-
to-person or inhaled as droplet nuclei (bacteria carried on
airborne particles). Two manifestations of the disease exist:
primary tuberculosis and secondary tuberculosis. Primary
tuberculosis, the condition produced upon initial exposure
to the bacillus, is for most healthy individuals no more than
a mild flu-like illness. In this initial stage, the bacteria enter
the alveoli and are ingested by resident macrophages. They
multiply intracellularly and spread to other areas of the
lung, killing the macrophages in the process. Eventually, the
host immune response kills most of the bacteria, but some
remain alive inside small granulomas called tubercles. In
otherwise healthy individuals, these tubercles usually remain
intact for a lifetime, holding the bacteria in check. However,
in immunocompromised individuals, the organism soon

gets into the bloodstream and disseminates throughout the
body. Secondary tuberculosis is the condition that occurs as
the aging immune system weakens or is compromised by
other factors. This condition, characterized by progressive,
necrotic lung inflammation, is the form of tuberculosis
most people associate with the disease.

Differential Characteristics
M. tuberculosis is a nonmotile, acid-fast, nonsporing,
weakly Gram-positive rod (Figures 12-38 and 12-39).
Diagnostic procedures include acid-fast stain, tuberculin
skin test, lumbar puncture, sputum, biopsy or body fluid
culture, and polymerase chain reaction (PCR—page 111).

Treatment
Administration of isoniazid and rifampin individually or
combined, pyrazinamide, ethambutol, or streptomycin.
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Neisseria gonorrhoeae (Class Betaproteobacteria) causes
the exclusively human sexually transmitted disease (STD),
gonorrhea. It attaches to urethral or vaginal columnar
epithelial cells by Type IV pili and other surface proteins.
The composition of these surface antigens is controlled
genetically and can therefore change. Because of this, the
organism is able to evade host antibodies that might other-
wise attack it. Most infections caused by N. gonorrhoeae
are confined to the lower reproductive area. However, if
allowed to reach the bloodstream, certain strains of this
organism that contain a surface antigen similar to that of
red blood cells can evade host serum antibodies. When this
occurs, disseminated gonococcal infection (DGI) is the
result, frequently including dermatitis-arthritis-tenosynovitis
syndrome and occasionally, endocarditis or meningitis.
Other infections of this organism include endometritis,
epididymitis, pelvic inflammatory disease (PID), proctitis,
pharyngitis, conjunctivitis, peritonitis, and perihepatitis.

Differential Characteristics
N. gonorrhoeae is an aerobic, Gram-negative diplococcus
that sometimes demonstrates “twitching motility.” It
produces acid only from glucose in the carbohydrate
acidification test. Diagnostic procedures include Gram stain,
nucleic acid probe, and genital culture (Figures 12-40 and
12-41).

Treatment
Resistance to penicillin G and tetracyclines has led to using
ceftriaxone and azithromycin combined with doxycycline.

SECTION 12 � Bacterial Pathogens � 151

12-38 ACID-FAST STAIN
OF A MYCOBACTERIUM
TUBERCULOSIS STOCK
CULTURE Note the charac-
teristic cord-like orientation.
Individual cells are approxi-
mately 0.4 µm wide by 3 µm
long.

12-39 A COLLECTION OF
MYCOBACTERIUM CULTURES ON
LOWENSTEIN-JENSEN AGAR
From left to right, M. fortuitum, M.
gordonae, M. intracellulus, and a
strain of M. tuberculosis (H37Ra).
Note the friable (crumbly) growth
texture of the M. fortuitum and
M. tuberculosis cultures.

Neisseria gonorrhoeae

12-41 NEISSERIA GONORRHOEAE ON CHOCOLATE AGAR AFTER
48 HOURS INCUBATION N. gonorrhoeae typically forms smaller
colonies than other members of the genus. Compare colony size with
N. meningitidis in Figure 12-43.

12-40 GRAM STAIN OF NEISSERIA GONORRHOEAE INSIDE TWO
POLYMORPHONUCLEAR LEUKOCYTES Cells are typically seen as diplo-
cocci with adjacent sides flattened (arrow). Individual cells range in size
from 0.6–1.9 µm in diameter.
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Mycobacterium leprae (Phylum Actinobacteria) is the causa-
tive agent of leprosy—now rare in the United States, but still
a serious problem in Asia and Africa. Although it can be
cultivated in a few laboratory animals, it is believed to occur
naturally only in humans and in the nine-banded armadillo
of Texas and Louisiana. Like Legionella and Listeria, M.
leprae is an intracellular parasite. Once ingested by a macro-
phage it survives by chemically suppressing the cell’s defen-
sive activity. Two distinctive forms of leprosy are known to
occur—lepromatous leprosy and tuberculoid leprosy. In lep-
romatous leprosy, the more contagious form of disease, host
immune response is suppressed, followed by rapid prolifera-
tion of the organism, severe disfigurement, and loss of nerve
function. In tuberculoid leprosy, a vigorous host immune
response results in the formation of granulomas on the face,
trunk, and extremities. Several intermediate forms of the
disease also exist. The mode of transmission is not well un-
derstood, however, a victim with the lepromatous form can
shed billions of bacterial cells from the nose in a single day.

Differential Characteristics
M. leprae is a nonmotile, anaerobic, acid-fast, nonsporing,
weakly Gram-positive rod (Figure 12-37). M. leprae is
uncultivable in vitro, therefore, standard biochemical tests
are not useful in identifying it. Clinical diagnoses are based
on characteristics of the disease, Gram and acid-fast stain-
ing, and biopsies from skin lesions or nasal secretions. A

skin test using lepromin, an antigen extraction from
lepromatous lesions is also available.

Treatment
The World Health Organization recommends multidrug
therapy (MDT), which includes the drugs dapsone, rifam-
picin, and clofazimine. This approach has seen great success
and the drugs are provided free of charge to leprosy patients
worldwide.

150 � A Photographic Atlas for the Microbiology Laboratory

Mycobacterium leprae

12-37 ACID-FAST STAIN OF A MYCOBACTERIUM LEPRAE STOCK
CULTURE These rods can be straight or curved and are typically found
in clusters.

Mycobacterium tuberculosis
Mycobacterium tuberculosis (Phylum Actinobacteria) is
the pathogen responsible for tuberculosis. Humans are its
principal host and reservoir, although it has been isolated
from other primates. It can be passed directly from person-
to-person or inhaled as droplet nuclei (bacteria carried on
airborne particles). Two manifestations of the disease exist:
primary tuberculosis and secondary tuberculosis. Primary
tuberculosis, the condition produced upon initial exposure
to the bacillus, is for most healthy individuals no more than
a mild flu-like illness. In this initial stage, the bacteria enter
the alveoli and are ingested by resident macrophages. They
multiply intracellularly and spread to other areas of the
lung, killing the macrophages in the process. Eventually, the
host immune response kills most of the bacteria, but some
remain alive inside small granulomas called tubercles. In
otherwise healthy individuals, these tubercles usually remain
intact for a lifetime, holding the bacteria in check. However,
in immunocompromised individuals, the organism soon

gets into the bloodstream and disseminates throughout the
body. Secondary tuberculosis is the condition that occurs as
the aging immune system weakens or is compromised by
other factors. This condition, characterized by progressive,
necrotic lung inflammation, is the form of tuberculosis
most people associate with the disease.

Differential Characteristics
M. tuberculosis is a nonmotile, acid-fast, nonsporing,
weakly Gram-positive rod (Figures 12-38 and 12-39).
Diagnostic procedures include acid-fast stain, tuberculin
skin test, lumbar puncture, sputum, biopsy or body fluid
culture, and polymerase chain reaction (PCR—page 111).

Treatment
Administration of isoniazid and rifampin individually or
combined, pyrazinamide, ethambutol, or streptomycin.
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Neisseria gonorrhoeae (Class Betaproteobacteria) causes
the exclusively human sexually transmitted disease (STD),
gonorrhea. It attaches to urethral or vaginal columnar
epithelial cells by Type IV pili and other surface proteins.
The composition of these surface antigens is controlled
genetically and can therefore change. Because of this, the
organism is able to evade host antibodies that might other-
wise attack it. Most infections caused by N. gonorrhoeae
are confined to the lower reproductive area. However, if
allowed to reach the bloodstream, certain strains of this
organism that contain a surface antigen similar to that of
red blood cells can evade host serum antibodies. When this
occurs, disseminated gonococcal infection (DGI) is the
result, frequently including dermatitis-arthritis-tenosynovitis
syndrome and occasionally, endocarditis or meningitis.
Other infections of this organism include endometritis,
epididymitis, pelvic inflammatory disease (PID), proctitis,
pharyngitis, conjunctivitis, peritonitis, and perihepatitis.

Differential Characteristics
N. gonorrhoeae is an aerobic, Gram-negative diplococcus
that sometimes demonstrates “twitching motility.” It
produces acid only from glucose in the carbohydrate
acidification test. Diagnostic procedures include Gram stain,
nucleic acid probe, and genital culture (Figures 12-40 and
12-41).

Treatment
Resistance to penicillin G and tetracyclines has led to using
ceftriaxone and azithromycin combined with doxycycline.

SECTION 12 � Bacterial Pathogens � 151

12-38 ACID-FAST STAIN
OF A MYCOBACTERIUM
TUBERCULOSIS STOCK
CULTURE Note the charac-
teristic cord-like orientation.
Individual cells are approxi-
mately 0.4 µm wide by 3 µm
long.

12-39 A COLLECTION OF
MYCOBACTERIUM CULTURES ON
LOWENSTEIN-JENSEN AGAR
From left to right, M. fortuitum, M.
gordonae, M. intracellulus, and a
strain of M. tuberculosis (H37Ra).
Note the friable (crumbly) growth
texture of the M. fortuitum and
M. tuberculosis cultures.

Neisseria gonorrhoeae

12-41 NEISSERIA GONORRHOEAE ON CHOCOLATE AGAR AFTER
48 HOURS INCUBATION N. gonorrhoeae typically forms smaller
colonies than other members of the genus. Compare colony size with
N. meningitidis in Figure 12-43.

12-40 GRAM STAIN OF NEISSERIA GONORRHOEAE INSIDE TWO
POLYMORPHONUCLEAR LEUKOCYTES Cells are typically seen as diplo-
cocci with adjacent sides flattened (arrow). Individual cells range in size
from 0.6–1.9 µm in diameter.
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Mycobacterium leprae (Phylum Actinobacteria) is the causa-
tive agent of leprosy—now rare in the United States, but still
a serious problem in Asia and Africa. Although it can be
cultivated in a few laboratory animals, it is believed to occur
naturally only in humans and in the nine-banded armadillo
of Texas and Louisiana. Like Legionella and Listeria, M.
leprae is an intracellular parasite. Once ingested by a macro-
phage it survives by chemically suppressing the cell’s defen-
sive activity. Two distinctive forms of leprosy are known to
occur—lepromatous leprosy and tuberculoid leprosy. In lep-
romatous leprosy, the more contagious form of disease, host
immune response is suppressed, followed by rapid prolifera-
tion of the organism, severe disfigurement, and loss of nerve
function. In tuberculoid leprosy, a vigorous host immune
response results in the formation of granulomas on the face,
trunk, and extremities. Several intermediate forms of the
disease also exist. The mode of transmission is not well un-
derstood, however, a victim with the lepromatous form can
shed billions of bacterial cells from the nose in a single day.

Differential Characteristics
M. leprae is a nonmotile, anaerobic, acid-fast, nonsporing,
weakly Gram-positive rod (Figure 12-37). M. leprae is
uncultivable in vitro, therefore, standard biochemical tests
are not useful in identifying it. Clinical diagnoses are based
on characteristics of the disease, Gram and acid-fast stain-
ing, and biopsies from skin lesions or nasal secretions. A

skin test using lepromin, an antigen extraction from
lepromatous lesions is also available.

Treatment
The World Health Organization recommends multidrug
therapy (MDT), which includes the drugs dapsone, rifam-
picin, and clofazimine. This approach has seen great success
and the drugs are provided free of charge to leprosy patients
worldwide.

150 � A Photographic Atlas for the Microbiology Laboratory

Mycobacterium leprae

12-37 ACID-FAST STAIN OF A MYCOBACTERIUM LEPRAE STOCK
CULTURE These rods can be straight or curved and are typically found
in clusters.

Mycobacterium tuberculosis
Mycobacterium tuberculosis (Phylum Actinobacteria) is
the pathogen responsible for tuberculosis. Humans are its
principal host and reservoir, although it has been isolated
from other primates. It can be passed directly from person-
to-person or inhaled as droplet nuclei (bacteria carried on
airborne particles). Two manifestations of the disease exist:
primary tuberculosis and secondary tuberculosis. Primary
tuberculosis, the condition produced upon initial exposure
to the bacillus, is for most healthy individuals no more than
a mild flu-like illness. In this initial stage, the bacteria enter
the alveoli and are ingested by resident macrophages. They
multiply intracellularly and spread to other areas of the
lung, killing the macrophages in the process. Eventually, the
host immune response kills most of the bacteria, but some
remain alive inside small granulomas called tubercles. In
otherwise healthy individuals, these tubercles usually remain
intact for a lifetime, holding the bacteria in check. However,
in immunocompromised individuals, the organism soon

gets into the bloodstream and disseminates throughout the
body. Secondary tuberculosis is the condition that occurs as
the aging immune system weakens or is compromised by
other factors. This condition, characterized by progressive,
necrotic lung inflammation, is the form of tuberculosis
most people associate with the disease.

Differential Characteristics
M. tuberculosis is a nonmotile, acid-fast, nonsporing,
weakly Gram-positive rod (Figures 12-38 and 12-39).
Diagnostic procedures include acid-fast stain, tuberculin
skin test, lumbar puncture, sputum, biopsy or body fluid
culture, and polymerase chain reaction (PCR—page 111).

Treatment
Administration of isoniazid and rifampin individually or
combined, pyrazinamide, ethambutol, or streptomycin.
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Neisseria gonorrhoeae (Class Betaproteobacteria) causes
the exclusively human sexually transmitted disease (STD),
gonorrhea. It attaches to urethral or vaginal columnar
epithelial cells by Type IV pili and other surface proteins.
The composition of these surface antigens is controlled
genetically and can therefore change. Because of this, the
organism is able to evade host antibodies that might other-
wise attack it. Most infections caused by N. gonorrhoeae
are confined to the lower reproductive area. However, if
allowed to reach the bloodstream, certain strains of this
organism that contain a surface antigen similar to that of
red blood cells can evade host serum antibodies. When this
occurs, disseminated gonococcal infection (DGI) is the
result, frequently including dermatitis-arthritis-tenosynovitis
syndrome and occasionally, endocarditis or meningitis.
Other infections of this organism include endometritis,
epididymitis, pelvic inflammatory disease (PID), proctitis,
pharyngitis, conjunctivitis, peritonitis, and perihepatitis.

Differential Characteristics
N. gonorrhoeae is an aerobic, Gram-negative diplococcus
that sometimes demonstrates “twitching motility.” It
produces acid only from glucose in the carbohydrate
acidification test. Diagnostic procedures include Gram stain,
nucleic acid probe, and genital culture (Figures 12-40 and
12-41).

Treatment
Resistance to penicillin G and tetracyclines has led to using
ceftriaxone and azithromycin combined with doxycycline.

SECTION 12 � Bacterial Pathogens � 151

12-38 ACID-FAST STAIN
OF A MYCOBACTERIUM
TUBERCULOSIS STOCK
CULTURE Note the charac-
teristic cord-like orientation.
Individual cells are approxi-
mately 0.4 µm wide by 3 µm
long.

12-39 A COLLECTION OF
MYCOBACTERIUM CULTURES ON
LOWENSTEIN-JENSEN AGAR
From left to right, M. fortuitum, M.
gordonae, M. intracellulus, and a
strain of M. tuberculosis (H37Ra).
Note the friable (crumbly) growth
texture of the M. fortuitum and
M. tuberculosis cultures.

Neisseria gonorrhoeae

12-41 NEISSERIA GONORRHOEAE ON CHOCOLATE AGAR AFTER
48 HOURS INCUBATION N. gonorrhoeae typically forms smaller
colonies than other members of the genus. Compare colony size with
N. meningitidis in Figure 12-43.

12-40 GRAM STAIN OF NEISSERIA GONORRHOEAE INSIDE TWO
POLYMORPHONUCLEAR LEUKOCYTES Cells are typically seen as diplo-
cocci with adjacent sides flattened (arrow). Individual cells range in size
from 0.6–1.9 µm in diameter.
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Mycobacterium leprae (Phylum Actinobacteria) is the causa-
tive agent of leprosy—now rare in the United States, but still
a serious problem in Asia and Africa. Although it can be
cultivated in a few laboratory animals, it is believed to occur
naturally only in humans and in the nine-banded armadillo
of Texas and Louisiana. Like Legionella and Listeria, M.
leprae is an intracellular parasite. Once ingested by a macro-
phage it survives by chemically suppressing the cell’s defen-
sive activity. Two distinctive forms of leprosy are known to
occur—lepromatous leprosy and tuberculoid leprosy. In lep-
romatous leprosy, the more contagious form of disease, host
immune response is suppressed, followed by rapid prolifera-
tion of the organism, severe disfigurement, and loss of nerve
function. In tuberculoid leprosy, a vigorous host immune
response results in the formation of granulomas on the face,
trunk, and extremities. Several intermediate forms of the
disease also exist. The mode of transmission is not well un-
derstood, however, a victim with the lepromatous form can
shed billions of bacterial cells from the nose in a single day.

Differential Characteristics
M. leprae is a nonmotile, anaerobic, acid-fast, nonsporing,
weakly Gram-positive rod (Figure 12-37). M. leprae is
uncultivable in vitro, therefore, standard biochemical tests
are not useful in identifying it. Clinical diagnoses are based
on characteristics of the disease, Gram and acid-fast stain-
ing, and biopsies from skin lesions or nasal secretions. A

skin test using lepromin, an antigen extraction from
lepromatous lesions is also available.

Treatment
The World Health Organization recommends multidrug
therapy (MDT), which includes the drugs dapsone, rifam-
picin, and clofazimine. This approach has seen great success
and the drugs are provided free of charge to leprosy patients
worldwide.
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Mycobacterium leprae

12-37 ACID-FAST STAIN OF A MYCOBACTERIUM LEPRAE STOCK
CULTURE These rods can be straight or curved and are typically found
in clusters.

Mycobacterium tuberculosis
Mycobacterium tuberculosis (Phylum Actinobacteria) is
the pathogen responsible for tuberculosis. Humans are its
principal host and reservoir, although it has been isolated
from other primates. It can be passed directly from person-
to-person or inhaled as droplet nuclei (bacteria carried on
airborne particles). Two manifestations of the disease exist:
primary tuberculosis and secondary tuberculosis. Primary
tuberculosis, the condition produced upon initial exposure
to the bacillus, is for most healthy individuals no more than
a mild flu-like illness. In this initial stage, the bacteria enter
the alveoli and are ingested by resident macrophages. They
multiply intracellularly and spread to other areas of the
lung, killing the macrophages in the process. Eventually, the
host immune response kills most of the bacteria, but some
remain alive inside small granulomas called tubercles. In
otherwise healthy individuals, these tubercles usually remain
intact for a lifetime, holding the bacteria in check. However,
in immunocompromised individuals, the organism soon

gets into the bloodstream and disseminates throughout the
body. Secondary tuberculosis is the condition that occurs as
the aging immune system weakens or is compromised by
other factors. This condition, characterized by progressive,
necrotic lung inflammation, is the form of tuberculosis
most people associate with the disease.

Differential Characteristics
M. tuberculosis is a nonmotile, acid-fast, nonsporing,
weakly Gram-positive rod (Figures 12-38 and 12-39).
Diagnostic procedures include acid-fast stain, tuberculin
skin test, lumbar puncture, sputum, biopsy or body fluid
culture, and polymerase chain reaction (PCR—page 111).

Treatment
Administration of isoniazid and rifampin individually or
combined, pyrazinamide, ethambutol, or streptomycin.
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Neisseria gonorrhoeae (Class Betaproteobacteria) causes
the exclusively human sexually transmitted disease (STD),
gonorrhea. It attaches to urethral or vaginal columnar
epithelial cells by Type IV pili and other surface proteins.
The composition of these surface antigens is controlled
genetically and can therefore change. Because of this, the
organism is able to evade host antibodies that might other-
wise attack it. Most infections caused by N. gonorrhoeae
are confined to the lower reproductive area. However, if
allowed to reach the bloodstream, certain strains of this
organism that contain a surface antigen similar to that of
red blood cells can evade host serum antibodies. When this
occurs, disseminated gonococcal infection (DGI) is the
result, frequently including dermatitis-arthritis-tenosynovitis
syndrome and occasionally, endocarditis or meningitis.
Other infections of this organism include endometritis,
epididymitis, pelvic inflammatory disease (PID), proctitis,
pharyngitis, conjunctivitis, peritonitis, and perihepatitis.

Differential Characteristics
N. gonorrhoeae is an aerobic, Gram-negative diplococcus
that sometimes demonstrates “twitching motility.” It
produces acid only from glucose in the carbohydrate
acidification test. Diagnostic procedures include Gram stain,
nucleic acid probe, and genital culture (Figures 12-40 and
12-41).

Treatment
Resistance to penicillin G and tetracyclines has led to using
ceftriaxone and azithromycin combined with doxycycline.

SECTION 12 � Bacterial Pathogens � 151

12-38 ACID-FAST STAIN
OF A MYCOBACTERIUM
TUBERCULOSIS STOCK
CULTURE Note the charac-
teristic cord-like orientation.
Individual cells are approxi-
mately 0.4 µm wide by 3 µm
long.

12-39 A COLLECTION OF
MYCOBACTERIUM CULTURES ON
LOWENSTEIN-JENSEN AGAR
From left to right, M. fortuitum, M.
gordonae, M. intracellulus, and a
strain of M. tuberculosis (H37Ra).
Note the friable (crumbly) growth
texture of the M. fortuitum and
M. tuberculosis cultures.

Neisseria gonorrhoeae

12-41 NEISSERIA GONORRHOEAE ON CHOCOLATE AGAR AFTER
48 HOURS INCUBATION N. gonorrhoeae typically forms smaller
colonies than other members of the genus. Compare colony size with
N. meningitidis in Figure 12-43.

12-40 GRAM STAIN OF NEISSERIA GONORRHOEAE INSIDE TWO
POLYMORPHONUCLEAR LEUKOCYTES Cells are typically seen as diplo-
cocci with adjacent sides flattened (arrow). Individual cells range in size
from 0.6–1.9 µm in diameter.
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Neisseria meningitidis (Class Betaproteobacteria) is one of
two human pathogens in the genus. It resides on mucous
membranes of the nasopharynx, oropharynx, and the
anogenital region. It does not remain viable for long outside
the human body and must be transferred sexually or by
direct contact with infected respiratory secretions. It causes
meningococcemia and the accompanying meningococcal
meningitis, a devastating disease primarily of children and
young adults. The organism’s virulence can be attributed to
at least four factors: surface pili which help it attach to host
mucous membranes, a heavy capsule which helps it survive
and multiply inside phagocytes, a hemolysin which facilitates
the destruction of red blood cells (RBCs), and in some strains,
surface components similar to those of RBCs that fail to
stimulate a serum antibody response. In most healthy indi-
viduals the organism produces a localized infection or no
symptoms at all, but in the absence of an early antibody
response, may result in fulminant sepsis and meningitis.

Differential Characteristics
N. meningitidis (Figures 12-42 and 12-43) is an aerobic,
Gram-negative diplococcus that sometimes demonstrates
“twitching motility.” It produces acid from glucose and
maltose in the carbohydrate acidification test. Diagnostic
tests include cerebrospinal fluid (CSF) culture and latex
agglutination test, Gram stain, and skin biopsy.

Treatment
Administration of penicillin G, 3rd generation cephalosporins,
or chloramphenicol.

152 � A Photographic Atlas for the Microbiology Laboratory

12-42 GRAM STAIN OF A NEISSERIA MENINGITIDIS STOCK CULTURE
Meningococci are usually seen as diplococci with adjacent sides flat-
tened. Cells are about 1 µm in diameter.

12-43 NEISSERIA MENINGITIDIS ON CHOCOLATE AGAR AFTER
48 HOURS INCUBATION Compare colony size with N. gonorrhoeae in
Figure 12-41.

Neisseria meningitidis

Nocardia asteroides
Nocardia asteroides (Phylum Actinobacteria) was once
believed to be a fungus because of its ability to produce
branching vegetative hyphae (Figures 12-44 through 12-46).
However, its mycelia fragment into rod and coccus-like
elements that contain no membrane-bound organelles.
N. asteroides is found principally on vegetation and in
the soil. It is the infective agent of nocardiosis. Although
it occasionally affects healthy individuals, it is primarily an
opportunistic pathogen of immunosuppressed patients fol-
lowing organ transplant or people whose immune systems
have otherwise been compromised by AIDS, lymphoma,
or corticosteroids. In the majority of cases, transmission
is by inhalation of aerosol droplets leading to pulmonary
nocardiosis (chronic pneumonia). Dissemination of the

12-44 ACID-FAST STAIN OF A NOCARDIA ASTEROIDES STOCK
CULTURE Because Nocardia species are weakly acid-fast, decolorization
is done with a lower concentration of acid-alcohol.
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organism by the bloodstream typically leads to central
nervous system nocardiosis (brain abscesses) and infection
of virtually all organ systems. Other infections caused by N.
asteroides include cellulitis with lymphocutaneous nodules,
mycetoma (usually in the tropics), and keratitis.

Differential Characteristics
Norcardia asteroides is anaerobic, nonmotile, Gram-positive
to Gram-variable, partially acid-fast rod. It is lysozyme-
resistant and urease-positive. It reduces nitrate, does not

hydrolyze casein, tyrosine, xanthine, hypoxanthine, gelatin,
or starch, and does not produce acid from lactose, xylose,
or arabinose. Diagnostic procedures include acid-fast stain
and culture of the infected site.

Treatment
Trimethoprim-sulfamethoxazole is the treatment of choice.

SECTION 12 � Bacterial Pathogens � 153

12-45 GRAM STAIN OF AN OLD CULTURE OF NOCARDIA
ASTEROIDES STOCK CULTURE The Gram reaction is weak due to
mycolic acid in the cell walls. Note the beaded appearance of the
branched filaments.

12-46 NOCARDIA ASTEROIDES ON SABOURAUD DEXTROSE AGAR
Note the fungus-like appearance due to aerial elements of the orange-
pigmented mycelium.

Proteus mirabilis
Proteus mirabilis (Class Betaproteobacteria) is a normal inhabi-
tant of the human intestinal tract and that of a variety of other
animals. It is also common in soil and polluted water. P. mirabilis,
like all Proteus species, has the ability to periodically migrate on
the surface of plated agar media. This cycle of alternating migra-
tion and consolidation is due to a characteristic called “swarming
motility” and produces a series of visible concentric rings (Figure
12-47). P. mirabilis is a common nosocomial pathogen isolated
from septic wounds and urinary tract infections. Transmission is
by direct contact with a carrier or other contaminated source. It
is of particular importance as a urinary tract pathogen because
of its ability to produce urease (page 96). Urease splits urea, thus
creating an alkaline environment and promoting the formation of
kidney stones. Proteus septicemia is a potential complication of
urinary tract infections and can be fatal in weakened individuals.

Differential Characteristics
P. mirabilis is a straight, facultatively anaerobic, highly motile
(swarming) Gram-negative rod (Figure 12-48). It is negative for
indole, esculin hydrolysis, and lactose and salicin fermentation. It

12-47 THREE COLONIES OF PROTEUS MIRABILIS ON SHEEP
BLOOD AGAR Note the characteristic swarming growth pattern.
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Neisseria meningitidis (Class Betaproteobacteria) is one of
two human pathogens in the genus. It resides on mucous
membranes of the nasopharynx, oropharynx, and the
anogenital region. It does not remain viable for long outside
the human body and must be transferred sexually or by
direct contact with infected respiratory secretions. It causes
meningococcemia and the accompanying meningococcal
meningitis, a devastating disease primarily of children and
young adults. The organism’s virulence can be attributed to
at least four factors: surface pili which help it attach to host
mucous membranes, a heavy capsule which helps it survive
and multiply inside phagocytes, a hemolysin which facilitates
the destruction of red blood cells (RBCs), and in some strains,
surface components similar to those of RBCs that fail to
stimulate a serum antibody response. In most healthy indi-
viduals the organism produces a localized infection or no
symptoms at all, but in the absence of an early antibody
response, may result in fulminant sepsis and meningitis.

Differential Characteristics
N. meningitidis (Figures 12-42 and 12-43) is an aerobic,
Gram-negative diplococcus that sometimes demonstrates
“twitching motility.” It produces acid from glucose and
maltose in the carbohydrate acidification test. Diagnostic
tests include cerebrospinal fluid (CSF) culture and latex
agglutination test, Gram stain, and skin biopsy.

Treatment
Administration of penicillin G, 3rd generation cephalosporins,
or chloramphenicol.

152 � A Photographic Atlas for the Microbiology Laboratory

12-42 GRAM STAIN OF A NEISSERIA MENINGITIDIS STOCK CULTURE
Meningococci are usually seen as diplococci with adjacent sides flat-
tened. Cells are about 1 µm in diameter.

12-43 NEISSERIA MENINGITIDIS ON CHOCOLATE AGAR AFTER
48 HOURS INCUBATION Compare colony size with N. gonorrhoeae in
Figure 12-41.

Neisseria meningitidis

Nocardia asteroides
Nocardia asteroides (Phylum Actinobacteria) was once
believed to be a fungus because of its ability to produce
branching vegetative hyphae (Figures 12-44 through 12-46).
However, its mycelia fragment into rod and coccus-like
elements that contain no membrane-bound organelles.
N. asteroides is found principally on vegetation and in
the soil. It is the infective agent of nocardiosis. Although
it occasionally affects healthy individuals, it is primarily an
opportunistic pathogen of immunosuppressed patients fol-
lowing organ transplant or people whose immune systems
have otherwise been compromised by AIDS, lymphoma,
or corticosteroids. In the majority of cases, transmission
is by inhalation of aerosol droplets leading to pulmonary
nocardiosis (chronic pneumonia). Dissemination of the

12-44 ACID-FAST STAIN OF A NOCARDIA ASTEROIDES STOCK
CULTURE Because Nocardia species are weakly acid-fast, decolorization
is done with a lower concentration of acid-alcohol.
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organism by the bloodstream typically leads to central
nervous system nocardiosis (brain abscesses) and infection
of virtually all organ systems. Other infections caused by N.
asteroides include cellulitis with lymphocutaneous nodules,
mycetoma (usually in the tropics), and keratitis.

Differential Characteristics
Norcardia asteroides is anaerobic, nonmotile, Gram-positive
to Gram-variable, partially acid-fast rod. It is lysozyme-
resistant and urease-positive. It reduces nitrate, does not

hydrolyze casein, tyrosine, xanthine, hypoxanthine, gelatin,
or starch, and does not produce acid from lactose, xylose,
or arabinose. Diagnostic procedures include acid-fast stain
and culture of the infected site.

Treatment
Trimethoprim-sulfamethoxazole is the treatment of choice.

SECTION 12 � Bacterial Pathogens � 153

12-45 GRAM STAIN OF AN OLD CULTURE OF NOCARDIA
ASTEROIDES STOCK CULTURE The Gram reaction is weak due to
mycolic acid in the cell walls. Note the beaded appearance of the
branched filaments.

12-46 NOCARDIA ASTEROIDES ON SABOURAUD DEXTROSE AGAR
Note the fungus-like appearance due to aerial elements of the orange-
pigmented mycelium.

Proteus mirabilis
Proteus mirabilis (Class Betaproteobacteria) is a normal inhabi-
tant of the human intestinal tract and that of a variety of other
animals. It is also common in soil and polluted water. P. mirabilis,
like all Proteus species, has the ability to periodically migrate on
the surface of plated agar media. This cycle of alternating migra-
tion and consolidation is due to a characteristic called “swarming
motility” and produces a series of visible concentric rings (Figure
12-47). P. mirabilis is a common nosocomial pathogen isolated
from septic wounds and urinary tract infections. Transmission is
by direct contact with a carrier or other contaminated source. It
is of particular importance as a urinary tract pathogen because
of its ability to produce urease (page 96). Urease splits urea, thus
creating an alkaline environment and promoting the formation of
kidney stones. Proteus septicemia is a potential complication of
urinary tract infections and can be fatal in weakened individuals.

Differential Characteristics
P. mirabilis is a straight, facultatively anaerobic, highly motile
(swarming) Gram-negative rod (Figure 12-48). It is negative for
indole, esculin hydrolysis, and lactose and salicin fermentation. It

12-47 THREE COLONIES OF PROTEUS MIRABILIS ON SHEEP
BLOOD AGAR Note the characteristic swarming growth pattern.
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Neisseria meningitidis (Class Betaproteobacteria) is one of
two human pathogens in the genus. It resides on mucous
membranes of the nasopharynx, oropharynx, and the
anogenital region. It does not remain viable for long outside
the human body and must be transferred sexually or by
direct contact with infected respiratory secretions. It causes
meningococcemia and the accompanying meningococcal
meningitis, a devastating disease primarily of children and
young adults. The organism’s virulence can be attributed to
at least four factors: surface pili which help it attach to host
mucous membranes, a heavy capsule which helps it survive
and multiply inside phagocytes, a hemolysin which facilitates
the destruction of red blood cells (RBCs), and in some strains,
surface components similar to those of RBCs that fail to
stimulate a serum antibody response. In most healthy indi-
viduals the organism produces a localized infection or no
symptoms at all, but in the absence of an early antibody
response, may result in fulminant sepsis and meningitis.

Differential Characteristics
N. meningitidis (Figures 12-42 and 12-43) is an aerobic,
Gram-negative diplococcus that sometimes demonstrates
“twitching motility.” It produces acid from glucose and
maltose in the carbohydrate acidification test. Diagnostic
tests include cerebrospinal fluid (CSF) culture and latex
agglutination test, Gram stain, and skin biopsy.

Treatment
Administration of penicillin G, 3rd generation cephalosporins,
or chloramphenicol.

152 � A Photographic Atlas for the Microbiology Laboratory

12-42 GRAM STAIN OF A NEISSERIA MENINGITIDIS STOCK CULTURE
Meningococci are usually seen as diplococci with adjacent sides flat-
tened. Cells are about 1 µm in diameter.

12-43 NEISSERIA MENINGITIDIS ON CHOCOLATE AGAR AFTER
48 HOURS INCUBATION Compare colony size with N. gonorrhoeae in
Figure 12-41.

Neisseria meningitidis

Nocardia asteroides
Nocardia asteroides (Phylum Actinobacteria) was once
believed to be a fungus because of its ability to produce
branching vegetative hyphae (Figures 12-44 through 12-46).
However, its mycelia fragment into rod and coccus-like
elements that contain no membrane-bound organelles.
N. asteroides is found principally on vegetation and in
the soil. It is the infective agent of nocardiosis. Although
it occasionally affects healthy individuals, it is primarily an
opportunistic pathogen of immunosuppressed patients fol-
lowing organ transplant or people whose immune systems
have otherwise been compromised by AIDS, lymphoma,
or corticosteroids. In the majority of cases, transmission
is by inhalation of aerosol droplets leading to pulmonary
nocardiosis (chronic pneumonia). Dissemination of the

12-44 ACID-FAST STAIN OF A NOCARDIA ASTEROIDES STOCK
CULTURE Because Nocardia species are weakly acid-fast, decolorization
is done with a lower concentration of acid-alcohol.
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organism by the bloodstream typically leads to central
nervous system nocardiosis (brain abscesses) and infection
of virtually all organ systems. Other infections caused by N.
asteroides include cellulitis with lymphocutaneous nodules,
mycetoma (usually in the tropics), and keratitis.

Differential Characteristics
Norcardia asteroides is anaerobic, nonmotile, Gram-positive
to Gram-variable, partially acid-fast rod. It is lysozyme-
resistant and urease-positive. It reduces nitrate, does not

hydrolyze casein, tyrosine, xanthine, hypoxanthine, gelatin,
or starch, and does not produce acid from lactose, xylose,
or arabinose. Diagnostic procedures include acid-fast stain
and culture of the infected site.

Treatment
Trimethoprim-sulfamethoxazole is the treatment of choice.

SECTION 12 � Bacterial Pathogens � 153

12-45 GRAM STAIN OF AN OLD CULTURE OF NOCARDIA
ASTEROIDES STOCK CULTURE The Gram reaction is weak due to
mycolic acid in the cell walls. Note the beaded appearance of the
branched filaments.

12-46 NOCARDIA ASTEROIDES ON SABOURAUD DEXTROSE AGAR
Note the fungus-like appearance due to aerial elements of the orange-
pigmented mycelium.

Proteus mirabilis
Proteus mirabilis (Class Betaproteobacteria) is a normal inhabi-
tant of the human intestinal tract and that of a variety of other
animals. It is also common in soil and polluted water. P. mirabilis,
like all Proteus species, has the ability to periodically migrate on
the surface of plated agar media. This cycle of alternating migra-
tion and consolidation is due to a characteristic called “swarming
motility” and produces a series of visible concentric rings (Figure
12-47). P. mirabilis is a common nosocomial pathogen isolated
from septic wounds and urinary tract infections. Transmission is
by direct contact with a carrier or other contaminated source. It
is of particular importance as a urinary tract pathogen because
of its ability to produce urease (page 96). Urease splits urea, thus
creating an alkaline environment and promoting the formation of
kidney stones. Proteus septicemia is a potential complication of
urinary tract infections and can be fatal in weakened individuals.

Differential Characteristics
P. mirabilis is a straight, facultatively anaerobic, highly motile
(swarming) Gram-negative rod (Figure 12-48). It is negative for
indole, esculin hydrolysis, and lactose and salicin fermentation. It

12-47 THREE COLONIES OF PROTEUS MIRABILIS ON SHEEP
BLOOD AGAR Note the characteristic swarming growth pattern.
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Neisseria meningitidis (Class Betaproteobacteria) is one of
two human pathogens in the genus. It resides on mucous
membranes of the nasopharynx, oropharynx, and the
anogenital region. It does not remain viable for long outside
the human body and must be transferred sexually or by
direct contact with infected respiratory secretions. It causes
meningococcemia and the accompanying meningococcal
meningitis, a devastating disease primarily of children and
young adults. The organism’s virulence can be attributed to
at least four factors: surface pili which help it attach to host
mucous membranes, a heavy capsule which helps it survive
and multiply inside phagocytes, a hemolysin which facilitates
the destruction of red blood cells (RBCs), and in some strains,
surface components similar to those of RBCs that fail to
stimulate a serum antibody response. In most healthy indi-
viduals the organism produces a localized infection or no
symptoms at all, but in the absence of an early antibody
response, may result in fulminant sepsis and meningitis.

Differential Characteristics
N. meningitidis (Figures 12-42 and 12-43) is an aerobic,
Gram-negative diplococcus that sometimes demonstrates
“twitching motility.” It produces acid from glucose and
maltose in the carbohydrate acidification test. Diagnostic
tests include cerebrospinal fluid (CSF) culture and latex
agglutination test, Gram stain, and skin biopsy.

Treatment
Administration of penicillin G, 3rd generation cephalosporins,
or chloramphenicol.

152 � A Photographic Atlas for the Microbiology Laboratory

12-42 GRAM STAIN OF A NEISSERIA MENINGITIDIS STOCK CULTURE
Meningococci are usually seen as diplococci with adjacent sides flat-
tened. Cells are about 1 µm in diameter.

12-43 NEISSERIA MENINGITIDIS ON CHOCOLATE AGAR AFTER
48 HOURS INCUBATION Compare colony size with N. gonorrhoeae in
Figure 12-41.

Neisseria meningitidis

Nocardia asteroides
Nocardia asteroides (Phylum Actinobacteria) was once
believed to be a fungus because of its ability to produce
branching vegetative hyphae (Figures 12-44 through 12-46).
However, its mycelia fragment into rod and coccus-like
elements that contain no membrane-bound organelles.
N. asteroides is found principally on vegetation and in
the soil. It is the infective agent of nocardiosis. Although
it occasionally affects healthy individuals, it is primarily an
opportunistic pathogen of immunosuppressed patients fol-
lowing organ transplant or people whose immune systems
have otherwise been compromised by AIDS, lymphoma,
or corticosteroids. In the majority of cases, transmission
is by inhalation of aerosol droplets leading to pulmonary
nocardiosis (chronic pneumonia). Dissemination of the

12-44 ACID-FAST STAIN OF A NOCARDIA ASTEROIDES STOCK
CULTURE Because Nocardia species are weakly acid-fast, decolorization
is done with a lower concentration of acid-alcohol.
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organism by the bloodstream typically leads to central
nervous system nocardiosis (brain abscesses) and infection
of virtually all organ systems. Other infections caused by N.
asteroides include cellulitis with lymphocutaneous nodules,
mycetoma (usually in the tropics), and keratitis.

Differential Characteristics
Norcardia asteroides is anaerobic, nonmotile, Gram-positive
to Gram-variable, partially acid-fast rod. It is lysozyme-
resistant and urease-positive. It reduces nitrate, does not

hydrolyze casein, tyrosine, xanthine, hypoxanthine, gelatin,
or starch, and does not produce acid from lactose, xylose,
or arabinose. Diagnostic procedures include acid-fast stain
and culture of the infected site.

Treatment
Trimethoprim-sulfamethoxazole is the treatment of choice.

SECTION 12 � Bacterial Pathogens � 153

12-45 GRAM STAIN OF AN OLD CULTURE OF NOCARDIA
ASTEROIDES STOCK CULTURE The Gram reaction is weak due to
mycolic acid in the cell walls. Note the beaded appearance of the
branched filaments.

12-46 NOCARDIA ASTEROIDES ON SABOURAUD DEXTROSE AGAR
Note the fungus-like appearance due to aerial elements of the orange-
pigmented mycelium.

Proteus mirabilis
Proteus mirabilis (Class Betaproteobacteria) is a normal inhabi-
tant of the human intestinal tract and that of a variety of other
animals. It is also common in soil and polluted water. P. mirabilis,
like all Proteus species, has the ability to periodically migrate on
the surface of plated agar media. This cycle of alternating migra-
tion and consolidation is due to a characteristic called “swarming
motility” and produces a series of visible concentric rings (Figure
12-47). P. mirabilis is a common nosocomial pathogen isolated
from septic wounds and urinary tract infections. Transmission is
by direct contact with a carrier or other contaminated source. It
is of particular importance as a urinary tract pathogen because
of its ability to produce urease (page 96). Urease splits urea, thus
creating an alkaline environment and promoting the formation of
kidney stones. Proteus septicemia is a potential complication of
urinary tract infections and can be fatal in weakened individuals.

Differential Characteristics
P. mirabilis is a straight, facultatively anaerobic, highly motile
(swarming) Gram-negative rod (Figure 12-48). It is negative for
indole, esculin hydrolysis, and lactose and salicin fermentation. It

12-47 THREE COLONIES OF PROTEUS MIRABILIS ON SHEEP
BLOOD AGAR Note the characteristic swarming growth pattern.
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is positive for lipase and ornithine decar-
boxylase, and strongly positive for urease.
Diagnostic procedures include Gram stain
and culture of infected site.

Treatment
Administration of 1st, 2nd, or 3rd generation
cephalosporins, carbapenems, fluoroquino-
lones, or extended spectrum penicillins.

154 � A Photographic Atlas for the Microbiology Laboratory

12-48 GRAM STAIN OF A PROTEUS MIRABILIS STOCK CULTURE Straight rods range in
size from 0.4–0.8 µm wide by 1.0–3.0 µm long.

Pseudomonas aeruginosa
Pseudomonas aeruginosa (Class Gammaproteo-
bacteria) is an opportunistic pathogen ubiquitous
in soil, water, and living or decaying plant material.
It has also been isolated from hospital sinks and
tubs, dialysis equipment, contact lens solution,
aerators, irrigation fluids, hot tubs, ointments,
insoles of shoes, and even in soaps and cleaning
solutions. It is the most significant opportunistic
pathogen of its genus and is an especially trouble-
some nosocomial agent because of its ability to
survive eradication attempts. In addition, symp-
toms of Pseudomonas infections are problematic
because they are virtually indistinguishable from those
caused by Enterobacteriaceae, which tend to produce fewer
fatalities. Transmission can be by ingestion, inhalation, or
through openings in the skin. P. aeruginosa employs surface
pili to attach to host cells and secretes an array of tissue-
damaging enzymes. While healthy individuals are less fre-
quently affected by the organism, immunosuppressed patients
are susceptible to a variety of serious infections. Among the
nosocomial infections caused by this organism are pneu-
monia, wound sepsis, bacteremia, and urinary tract infec-
tions. Other infections include: corneal ulcers, swimmer’s
ear, folliculitis (from contaminated swimming pools or hot
tubs), and osteomyelitis of the calcaneus in children due to
puncture wounds through the shoe.

Differential Characteristics
P. aeruginosa is an aerobic, motile, straight or slightly
curved, Gram-negative rod that produces a green diffusible
pigment when grown on solid media (Figures 12-49, 12-50,
and 3-29). It does not ferment carbohydrates. It utilizes

12-49 GRAM STAIN OF A PSEUDOMONAS AERUGINOSA STOCK CULTURE Cells
are approximately 1 µm or less wide by 2–5 µm long.

12-50 PSEUDOMONAS AERUGINOSA ON SHEEP BLOOD AGAR
Note the greenish pigment, especially in the regions of heaviest growth.
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glucose oxidatively and does not utilize lactose or esculin.
It reduces nitrate, is positive for oxidase and arginine
decarboxylase, and negative for ONPG, urease, and lysine
decarboxylase. Diagnostic procedures include Gram stain
and appropriate-site culture.

Treatment
Administration of ceftazidime individually or combined
with aminoglycosides, extended spectrum penicillins,
cefepime, fluoroquinolones, or ciprofloxacin.

SECTION 12 � Bacterial Pathogens � 155

Salmonella enteritidis
Salmonella Enteritidis (Class Gammaproteobacteria)3

typically resides in the gastrointestinal tract of humans and
many other animals, including poultry, rodents, and wild
birds. It is one of approximately 2,200 nontyphoidal Salmo-
nella serotypes, all of which cause gastroenteritis in humans.
The mechanisms described here for S. Enteritidis apply to
those serotypes as well. Entry into the body is by ingestion
of food or water contaminated with feces. Salmonella spp.
are susceptible to acidic conditions and thus require a large
number of organisms (>106) to infect a human with normal
stomach acidity. Thus, the organism tends to favor hosts
with low gastric acidity. Once through the hostile environ-
ment of the stomach, they are taken up by intestinal epithe-
lial cells and are released into the underlying connective
tissue where they begin to multiply. The mechanism by
which diarrhea is induced is not fully understood, however,
evidence suggests that it is due to the production of a cholera-
like or Shiga-like toxin. Salmonella Enteritidis is not well
suited for intracellular conditions, therefore, except in cases
where the host immune system has been compromised,
gastrointestinal infections are generally short-lived. Lacking
an appropriate host immune response, however, dissemina-
tion of the organism may occur, resulting in widespread
systemic infection.

Differential Characteristics
Salmonella Enteritidis is a straight, motile, facultatively
anaerobic, nonsporing, Gram-negative rod (Figures 12-51
and 12-52). Diagnostic procedures include aerobic and
anaerobic blood culture, bone marrow culture, and stool
culture. It is methyl red and citrate positive, and negative
for indole, VP, and lactose fermentation. Because the vast
number of strains differ primarily in antigenic structure,
serogrouping by a reference laboratory is necessary for final
identification.

Treatment
In most cases of diarrheal disease, antibiotics are not neces-
sary. However, in disseminated Salmonella infections, third
generation cephalosporins, ampicillin, or sulfamethoxazole
with trimethoprim are used.

12-51 GRAM STAIN OF A SALMONELLA ENTERITIDIS STOCK
CULTURE The cells are straight rods ranging in size from 0.7–1.5 µm
wide by 2.0–5.0 µm long.

12-52 SALMONELLA ENTERITIDIS ON SALMONELLA-SHIGELLA (SS)
AGAR Compare to Salmonella typhi (Figure 12-54) and Shigella flexneri
(Figure 12-56). Note the black colonies due to reaction of H2S (from
sulfur reduction) and ferric citrate in the medium. Also see page 16 for
more information about SS Agar.3 Abbreviated from Salmonella enterica serovar Enteritidis.
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is positive for lipase and ornithine decar-
boxylase, and strongly positive for urease.
Diagnostic procedures include Gram stain
and culture of infected site.

Treatment
Administration of 1st, 2nd, or 3rd generation
cephalosporins, carbapenems, fluoroquino-
lones, or extended spectrum penicillins.

154 � A Photographic Atlas for the Microbiology Laboratory

12-48 GRAM STAIN OF A PROTEUS MIRABILIS STOCK CULTURE Straight rods range in
size from 0.4–0.8 µm wide by 1.0–3.0 µm long.

Pseudomonas aeruginosa
Pseudomonas aeruginosa (Class Gammaproteo-
bacteria) is an opportunistic pathogen ubiquitous
in soil, water, and living or decaying plant material.
It has also been isolated from hospital sinks and
tubs, dialysis equipment, contact lens solution,
aerators, irrigation fluids, hot tubs, ointments,
insoles of shoes, and even in soaps and cleaning
solutions. It is the most significant opportunistic
pathogen of its genus and is an especially trouble-
some nosocomial agent because of its ability to
survive eradication attempts. In addition, symp-
toms of Pseudomonas infections are problematic
because they are virtually indistinguishable from those
caused by Enterobacteriaceae, which tend to produce fewer
fatalities. Transmission can be by ingestion, inhalation, or
through openings in the skin. P. aeruginosa employs surface
pili to attach to host cells and secretes an array of tissue-
damaging enzymes. While healthy individuals are less fre-
quently affected by the organism, immunosuppressed patients
are susceptible to a variety of serious infections. Among the
nosocomial infections caused by this organism are pneu-
monia, wound sepsis, bacteremia, and urinary tract infec-
tions. Other infections include: corneal ulcers, swimmer’s
ear, folliculitis (from contaminated swimming pools or hot
tubs), and osteomyelitis of the calcaneus in children due to
puncture wounds through the shoe.

Differential Characteristics
P. aeruginosa is an aerobic, motile, straight or slightly
curved, Gram-negative rod that produces a green diffusible
pigment when grown on solid media (Figures 12-49, 12-50,
and 3-29). It does not ferment carbohydrates. It utilizes

12-49 GRAM STAIN OF A PSEUDOMONAS AERUGINOSA STOCK CULTURE Cells
are approximately 1 µm or less wide by 2–5 µm long.

12-50 PSEUDOMONAS AERUGINOSA ON SHEEP BLOOD AGAR
Note the greenish pigment, especially in the regions of heaviest growth.
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glucose oxidatively and does not utilize lactose or esculin.
It reduces nitrate, is positive for oxidase and arginine
decarboxylase, and negative for ONPG, urease, and lysine
decarboxylase. Diagnostic procedures include Gram stain
and appropriate-site culture.

Treatment
Administration of ceftazidime individually or combined
with aminoglycosides, extended spectrum penicillins,
cefepime, fluoroquinolones, or ciprofloxacin.

SECTION 12 � Bacterial Pathogens � 155

Salmonella enteritidis
Salmonella Enteritidis (Class Gammaproteobacteria)3

typically resides in the gastrointestinal tract of humans and
many other animals, including poultry, rodents, and wild
birds. It is one of approximately 2,200 nontyphoidal Salmo-
nella serotypes, all of which cause gastroenteritis in humans.
The mechanisms described here for S. Enteritidis apply to
those serotypes as well. Entry into the body is by ingestion
of food or water contaminated with feces. Salmonella spp.
are susceptible to acidic conditions and thus require a large
number of organisms (>106) to infect a human with normal
stomach acidity. Thus, the organism tends to favor hosts
with low gastric acidity. Once through the hostile environ-
ment of the stomach, they are taken up by intestinal epithe-
lial cells and are released into the underlying connective
tissue where they begin to multiply. The mechanism by
which diarrhea is induced is not fully understood, however,
evidence suggests that it is due to the production of a cholera-
like or Shiga-like toxin. Salmonella Enteritidis is not well
suited for intracellular conditions, therefore, except in cases
where the host immune system has been compromised,
gastrointestinal infections are generally short-lived. Lacking
an appropriate host immune response, however, dissemina-
tion of the organism may occur, resulting in widespread
systemic infection.

Differential Characteristics
Salmonella Enteritidis is a straight, motile, facultatively
anaerobic, nonsporing, Gram-negative rod (Figures 12-51
and 12-52). Diagnostic procedures include aerobic and
anaerobic blood culture, bone marrow culture, and stool
culture. It is methyl red and citrate positive, and negative
for indole, VP, and lactose fermentation. Because the vast
number of strains differ primarily in antigenic structure,
serogrouping by a reference laboratory is necessary for final
identification.

Treatment
In most cases of diarrheal disease, antibiotics are not neces-
sary. However, in disseminated Salmonella infections, third
generation cephalosporins, ampicillin, or sulfamethoxazole
with trimethoprim are used.

12-51 GRAM STAIN OF A SALMONELLA ENTERITIDIS STOCK
CULTURE The cells are straight rods ranging in size from 0.7–1.5 µm
wide by 2.0–5.0 µm long.

12-52 SALMONELLA ENTERITIDIS ON SALMONELLA-SHIGELLA (SS)
AGAR Compare to Salmonella typhi (Figure 12-54) and Shigella flexneri
(Figure 12-56). Note the black colonies due to reaction of H2S (from
sulfur reduction) and ferric citrate in the medium. Also see page 16 for
more information about SS Agar.3 Abbreviated from Salmonella enterica serovar Enteritidis.
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is positive for lipase and ornithine decar-
boxylase, and strongly positive for urease.
Diagnostic procedures include Gram stain
and culture of infected site.

Treatment
Administration of 1st, 2nd, or 3rd generation
cephalosporins, carbapenems, fluoroquino-
lones, or extended spectrum penicillins.

154 � A Photographic Atlas for the Microbiology Laboratory

12-48 GRAM STAIN OF A PROTEUS MIRABILIS STOCK CULTURE Straight rods range in
size from 0.4–0.8 µm wide by 1.0–3.0 µm long.

Pseudomonas aeruginosa
Pseudomonas aeruginosa (Class Gammaproteo-
bacteria) is an opportunistic pathogen ubiquitous
in soil, water, and living or decaying plant material.
It has also been isolated from hospital sinks and
tubs, dialysis equipment, contact lens solution,
aerators, irrigation fluids, hot tubs, ointments,
insoles of shoes, and even in soaps and cleaning
solutions. It is the most significant opportunistic
pathogen of its genus and is an especially trouble-
some nosocomial agent because of its ability to
survive eradication attempts. In addition, symp-
toms of Pseudomonas infections are problematic
because they are virtually indistinguishable from those
caused by Enterobacteriaceae, which tend to produce fewer
fatalities. Transmission can be by ingestion, inhalation, or
through openings in the skin. P. aeruginosa employs surface
pili to attach to host cells and secretes an array of tissue-
damaging enzymes. While healthy individuals are less fre-
quently affected by the organism, immunosuppressed patients
are susceptible to a variety of serious infections. Among the
nosocomial infections caused by this organism are pneu-
monia, wound sepsis, bacteremia, and urinary tract infec-
tions. Other infections include: corneal ulcers, swimmer’s
ear, folliculitis (from contaminated swimming pools or hot
tubs), and osteomyelitis of the calcaneus in children due to
puncture wounds through the shoe.

Differential Characteristics
P. aeruginosa is an aerobic, motile, straight or slightly
curved, Gram-negative rod that produces a green diffusible
pigment when grown on solid media (Figures 12-49, 12-50,
and 3-29). It does not ferment carbohydrates. It utilizes

12-49 GRAM STAIN OF A PSEUDOMONAS AERUGINOSA STOCK CULTURE Cells
are approximately 1 µm or less wide by 2–5 µm long.

12-50 PSEUDOMONAS AERUGINOSA ON SHEEP BLOOD AGAR
Note the greenish pigment, especially in the regions of heaviest growth.
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glucose oxidatively and does not utilize lactose or esculin.
It reduces nitrate, is positive for oxidase and arginine
decarboxylase, and negative for ONPG, urease, and lysine
decarboxylase. Diagnostic procedures include Gram stain
and appropriate-site culture.

Treatment
Administration of ceftazidime individually or combined
with aminoglycosides, extended spectrum penicillins,
cefepime, fluoroquinolones, or ciprofloxacin.
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Salmonella enteritidis
Salmonella Enteritidis (Class Gammaproteobacteria)3

typically resides in the gastrointestinal tract of humans and
many other animals, including poultry, rodents, and wild
birds. It is one of approximately 2,200 nontyphoidal Salmo-
nella serotypes, all of which cause gastroenteritis in humans.
The mechanisms described here for S. Enteritidis apply to
those serotypes as well. Entry into the body is by ingestion
of food or water contaminated with feces. Salmonella spp.
are susceptible to acidic conditions and thus require a large
number of organisms (>106) to infect a human with normal
stomach acidity. Thus, the organism tends to favor hosts
with low gastric acidity. Once through the hostile environ-
ment of the stomach, they are taken up by intestinal epithe-
lial cells and are released into the underlying connective
tissue where they begin to multiply. The mechanism by
which diarrhea is induced is not fully understood, however,
evidence suggests that it is due to the production of a cholera-
like or Shiga-like toxin. Salmonella Enteritidis is not well
suited for intracellular conditions, therefore, except in cases
where the host immune system has been compromised,
gastrointestinal infections are generally short-lived. Lacking
an appropriate host immune response, however, dissemina-
tion of the organism may occur, resulting in widespread
systemic infection.

Differential Characteristics
Salmonella Enteritidis is a straight, motile, facultatively
anaerobic, nonsporing, Gram-negative rod (Figures 12-51
and 12-52). Diagnostic procedures include aerobic and
anaerobic blood culture, bone marrow culture, and stool
culture. It is methyl red and citrate positive, and negative
for indole, VP, and lactose fermentation. Because the vast
number of strains differ primarily in antigenic structure,
serogrouping by a reference laboratory is necessary for final
identification.

Treatment
In most cases of diarrheal disease, antibiotics are not neces-
sary. However, in disseminated Salmonella infections, third
generation cephalosporins, ampicillin, or sulfamethoxazole
with trimethoprim are used.

12-51 GRAM STAIN OF A SALMONELLA ENTERITIDIS STOCK
CULTURE The cells are straight rods ranging in size from 0.7–1.5 µm
wide by 2.0–5.0 µm long.

12-52 SALMONELLA ENTERITIDIS ON SALMONELLA-SHIGELLA (SS)
AGAR Compare to Salmonella typhi (Figure 12-54) and Shigella flexneri
(Figure 12-56). Note the black colonies due to reaction of H2S (from
sulfur reduction) and ferric citrate in the medium. Also see page 16 for
more information about SS Agar.3 Abbreviated from Salmonella enterica serovar Enteritidis.

133-164 Section 12 12/15/10 11:30 AM Page 155

is positive for lipase and ornithine decar-
boxylase, and strongly positive for urease.
Diagnostic procedures include Gram stain
and culture of infected site.

Treatment
Administration of 1st, 2nd, or 3rd generation
cephalosporins, carbapenems, fluoroquino-
lones, or extended spectrum penicillins.
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12-48 GRAM STAIN OF A PROTEUS MIRABILIS STOCK CULTURE Straight rods range in
size from 0.4–0.8 µm wide by 1.0–3.0 µm long.

Pseudomonas aeruginosa
Pseudomonas aeruginosa (Class Gammaproteo-
bacteria) is an opportunistic pathogen ubiquitous
in soil, water, and living or decaying plant material.
It has also been isolated from hospital sinks and
tubs, dialysis equipment, contact lens solution,
aerators, irrigation fluids, hot tubs, ointments,
insoles of shoes, and even in soaps and cleaning
solutions. It is the most significant opportunistic
pathogen of its genus and is an especially trouble-
some nosocomial agent because of its ability to
survive eradication attempts. In addition, symp-
toms of Pseudomonas infections are problematic
because they are virtually indistinguishable from those
caused by Enterobacteriaceae, which tend to produce fewer
fatalities. Transmission can be by ingestion, inhalation, or
through openings in the skin. P. aeruginosa employs surface
pili to attach to host cells and secretes an array of tissue-
damaging enzymes. While healthy individuals are less fre-
quently affected by the organism, immunosuppressed patients
are susceptible to a variety of serious infections. Among the
nosocomial infections caused by this organism are pneu-
monia, wound sepsis, bacteremia, and urinary tract infec-
tions. Other infections include: corneal ulcers, swimmer’s
ear, folliculitis (from contaminated swimming pools or hot
tubs), and osteomyelitis of the calcaneus in children due to
puncture wounds through the shoe.

Differential Characteristics
P. aeruginosa is an aerobic, motile, straight or slightly
curved, Gram-negative rod that produces a green diffusible
pigment when grown on solid media (Figures 12-49, 12-50,
and 3-29). It does not ferment carbohydrates. It utilizes

12-49 GRAM STAIN OF A PSEUDOMONAS AERUGINOSA STOCK CULTURE Cells
are approximately 1 µm or less wide by 2–5 µm long.

12-50 PSEUDOMONAS AERUGINOSA ON SHEEP BLOOD AGAR
Note the greenish pigment, especially in the regions of heaviest growth.
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glucose oxidatively and does not utilize lactose or esculin.
It reduces nitrate, is positive for oxidase and arginine
decarboxylase, and negative for ONPG, urease, and lysine
decarboxylase. Diagnostic procedures include Gram stain
and appropriate-site culture.

Treatment
Administration of ceftazidime individually or combined
with aminoglycosides, extended spectrum penicillins,
cefepime, fluoroquinolones, or ciprofloxacin.
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Salmonella enteritidis
Salmonella Enteritidis (Class Gammaproteobacteria)3

typically resides in the gastrointestinal tract of humans and
many other animals, including poultry, rodents, and wild
birds. It is one of approximately 2,200 nontyphoidal Salmo-
nella serotypes, all of which cause gastroenteritis in humans.
The mechanisms described here for S. Enteritidis apply to
those serotypes as well. Entry into the body is by ingestion
of food or water contaminated with feces. Salmonella spp.
are susceptible to acidic conditions and thus require a large
number of organisms (>106) to infect a human with normal
stomach acidity. Thus, the organism tends to favor hosts
with low gastric acidity. Once through the hostile environ-
ment of the stomach, they are taken up by intestinal epithe-
lial cells and are released into the underlying connective
tissue where they begin to multiply. The mechanism by
which diarrhea is induced is not fully understood, however,
evidence suggests that it is due to the production of a cholera-
like or Shiga-like toxin. Salmonella Enteritidis is not well
suited for intracellular conditions, therefore, except in cases
where the host immune system has been compromised,
gastrointestinal infections are generally short-lived. Lacking
an appropriate host immune response, however, dissemina-
tion of the organism may occur, resulting in widespread
systemic infection.

Differential Characteristics
Salmonella Enteritidis is a straight, motile, facultatively
anaerobic, nonsporing, Gram-negative rod (Figures 12-51
and 12-52). Diagnostic procedures include aerobic and
anaerobic blood culture, bone marrow culture, and stool
culture. It is methyl red and citrate positive, and negative
for indole, VP, and lactose fermentation. Because the vast
number of strains differ primarily in antigenic structure,
serogrouping by a reference laboratory is necessary for final
identification.

Treatment
In most cases of diarrheal disease, antibiotics are not neces-
sary. However, in disseminated Salmonella infections, third
generation cephalosporins, ampicillin, or sulfamethoxazole
with trimethoprim are used.

12-51 GRAM STAIN OF A SALMONELLA ENTERITIDIS STOCK
CULTURE The cells are straight rods ranging in size from 0.7–1.5 µm
wide by 2.0–5.0 µm long.

12-52 SALMONELLA ENTERITIDIS ON SALMONELLA-SHIGELLA (SS)
AGAR Compare to Salmonella typhi (Figure 12-54) and Shigella flexneri
(Figure 12-56). Note the black colonies due to reaction of H2S (from
sulfur reduction) and ferric citrate in the medium. Also see page 16 for
more information about SS Agar.3 Abbreviated from Salmonella enterica serovar Enteritidis.
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Salmonella typhi
Salmonella typhi (Class Gammaproteobacteria)4 is the causative
agent of typhoid fever in humans. The organism is typically trans-
mitted by fecally contaminated food or water. As described in Sal-
monella Enteritidis on the previous page, S. typhi initially attacks
epithelial cells of the small intestine, is ushered into the under-
lying connective tissue and regional lymph nodes, and begins to
multiply. It then enters the bloodstream where it produces acute
bacteremia and subsequently infects the liver, spleen, bone
marrow, and eventually the kidneys and gallbladder. This phase,
accompanied by high fever and sometimes diarrhea, is long lasting
and continuous (up to 8 weeks in untreated cases). In a small
percentage of patients (“carriers”), the organism is harbored
asymptomatically in the gallbladder and sloughed in the feces
for up to a year or more.

Differential Characteristics
S. typhi is a straight, motile, encapsulated, facultatively anaerobic,
nonsporing, Gram-negative rod (Figures 12-53 and 12-54). Diag-
nostic procedures include aerobic and anaerobic blood culture,

12-53 GRAM STAIN OF A SALMONELLA TYPHI STOCK CULTURE The cells
are straight rods ranging in size from 0.7–1.5 µm wide by 2.0–5.0 µm long.

12-54 SALMONELLA TYPHI ON SALMONELLA-SHIGELLA
AGAR Compare to Salmonella Enteritidis (Figure 12-52) and
Shigella flexneri (Figure 12-56). Note the absence of black in the
colonies due to weak (or lack of) sulfur reduction to H2S.

bone marrow culture, and stool culture. S. typhi is
MR positive and indole, VP, and citrate negative,
and does not ferment lactose. Because the vast num-
ber of strains differ primarily in antigenic structure,
serogrouping by a reference laboratory is necessary
for final identification.

Treatment
Administration of third generation cephalosporins,
ampicillin, sulfamethoxazole with trimethoprim,
chloramphenicol, or ciprofloxacin

Shigella dysenteriae
Shigella dysenteriae (Class Gammaproteobacteria) is one of
four Shigella species (S. dysenteriae [Figure 12-55], S. flexneri
[Figure 12-56], S. boydii, and S. sonnei), all of which are
responsible for bacillary dysentery (shigellosis) in humans
and a few other primates. S. dysenteriae is endemic in Africa,
Asia, and Latin America; S. flexneri and S. sonnei are found
primarily in developed areas including the United States;
and S. boydii is mostly restricted to India. The majority of
cases occur in children under 10 years of age. Transmission
is by direct person-to-person contact or ingestion of food or

water contaminated by human feces. It is highly communi-
cable and virulent; it can cause illness with as few as 200
organisms, but more typically with 103 organisms. Although
all species of Shigella cause the disease, S. dysenteriae alone
produces the cell-killing Shiga exotoxin and is, therefore, re-
sponsible for the most severe symptoms. Unlike Salmonella,
Shigella spp. are resistant to the stomach’s acidic environ-
ment which accounts, in part, for the low infectious dose.
Once in the intestine, they induce phagocytosis by host
epithelial cells where they multiply and then spread in a

4 Abbreviated from Salmonella enterica subspecies Enterica serovar Typhi.
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process that kills the cells and forms mucosal ulcerations. This
process combined with an acute immune response is responsible
for the purulent bloody diarrhea characteristic of the disease.

Differential Characteristics
S. dysenteriae is a straight, nonmotile, facultatively anaerobic, Gram-
negative rod. It does not ferment lactose, mannitol, raffinose,
sucrose, or xylose and is negative for ONPG and ornithine decar-
boxylase. Diagnostic procedures include fecal leukocyte stain and
stool culture.

SECTION 12 � Bacterial Pathogens � 157

12-55 GRAM STAIN OF A SHIGELLA DYSENTERIAE STOCK CULTURE The
cells are straight rods ranging in size from 0.7–1.0 µm wide by 1.0–3.0 µm long.

12-56 SHIGELLA FLEXNERI ON SALMONELLA-SHIGELLA
(SS) AGAR Compare to Salmonella Enteritidis (Figure 12-52)
and Salmonella typhi (Figure 12-54). Note the colorless
colonies due to inability to ferment lactose or reduce sulfur—
both included in the medium.

Treatment
Administration of ampicillin, sulfamethoxazole
with trimethoprim, or ciprofloxacin.

Staphylococcus aureus
Staphylococcus aureus (Phylum Firmicutes) is a normal
human inhabitant, most commonly found in the nose, but
also known to inhabit the skin and vagina. It is a common
nosocomial pathogen that causes toxic shock syndrome,
food poisoning, scalded skin syndrome, and abscesses
virtually anywhere in the body. Factors that increase its
virulence include: antiphagocytic proteins, lipase production
(which aids entry through the skin), coagulase (which en-
hances the formation of abscesses), enterotoxins (which
induce vomiting and diarrhea), and exotoxins (which destroy
polymorphonuclear leukocytes, aid necrosis, and produce
fever, chills, shock, and rash). S. aureus is transmitted by
direct human-to-human contact, aerosols, or environmental
factors. It is a robust organism that resists cleaning solutions
and antimicrobial agents, and can survive for weeks in the
environment.

Differential Characteristics
S. aureus is a nonmotile, facultatively anaerobic, �-hemolytic,
Gram-positive coccus (Figures 12-57 and 12-58). S. aureus

is positive for the slide coagulase test (bound coagulase),
the tube coagulase test (free coagulase), and DNAse. It can
grow in media containing up to 10% NaCl. Diagnostic
procedures include Gram stain, appropriate-site aerobic
culture, and teichoic acid antibody test.

12-57 GRAM STAIN OF A STAPHYLOCOCCUS AUREUS STOCK
CULTURE Note the characteristic grape-like clusters. Cells are approxi-
mately 0.5–1.0 in diameter.
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Salmonella typhi
Salmonella typhi (Class Gammaproteobacteria)4 is the causative
agent of typhoid fever in humans. The organism is typically trans-
mitted by fecally contaminated food or water. As described in Sal-
monella Enteritidis on the previous page, S. typhi initially attacks
epithelial cells of the small intestine, is ushered into the under-
lying connective tissue and regional lymph nodes, and begins to
multiply. It then enters the bloodstream where it produces acute
bacteremia and subsequently infects the liver, spleen, bone
marrow, and eventually the kidneys and gallbladder. This phase,
accompanied by high fever and sometimes diarrhea, is long lasting
and continuous (up to 8 weeks in untreated cases). In a small
percentage of patients (“carriers”), the organism is harbored
asymptomatically in the gallbladder and sloughed in the feces
for up to a year or more.

Differential Characteristics
S. typhi is a straight, motile, encapsulated, facultatively anaerobic,
nonsporing, Gram-negative rod (Figures 12-53 and 12-54). Diag-
nostic procedures include aerobic and anaerobic blood culture,

12-53 GRAM STAIN OF A SALMONELLA TYPHI STOCK CULTURE The cells
are straight rods ranging in size from 0.7–1.5 µm wide by 2.0–5.0 µm long.

12-54 SALMONELLA TYPHI ON SALMONELLA-SHIGELLA
AGAR Compare to Salmonella Enteritidis (Figure 12-52) and
Shigella flexneri (Figure 12-56). Note the absence of black in the
colonies due to weak (or lack of) sulfur reduction to H2S.

bone marrow culture, and stool culture. S. typhi is
MR positive and indole, VP, and citrate negative,
and does not ferment lactose. Because the vast num-
ber of strains differ primarily in antigenic structure,
serogrouping by a reference laboratory is necessary
for final identification.

Treatment
Administration of third generation cephalosporins,
ampicillin, sulfamethoxazole with trimethoprim,
chloramphenicol, or ciprofloxacin

Shigella dysenteriae
Shigella dysenteriae (Class Gammaproteobacteria) is one of
four Shigella species (S. dysenteriae [Figure 12-55], S. flexneri
[Figure 12-56], S. boydii, and S. sonnei), all of which are
responsible for bacillary dysentery (shigellosis) in humans
and a few other primates. S. dysenteriae is endemic in Africa,
Asia, and Latin America; S. flexneri and S. sonnei are found
primarily in developed areas including the United States;
and S. boydii is mostly restricted to India. The majority of
cases occur in children under 10 years of age. Transmission
is by direct person-to-person contact or ingestion of food or

water contaminated by human feces. It is highly communi-
cable and virulent; it can cause illness with as few as 200
organisms, but more typically with 103 organisms. Although
all species of Shigella cause the disease, S. dysenteriae alone
produces the cell-killing Shiga exotoxin and is, therefore, re-
sponsible for the most severe symptoms. Unlike Salmonella,
Shigella spp. are resistant to the stomach’s acidic environ-
ment which accounts, in part, for the low infectious dose.
Once in the intestine, they induce phagocytosis by host
epithelial cells where they multiply and then spread in a

4 Abbreviated from Salmonella enterica subspecies Enterica serovar Typhi.
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process that kills the cells and forms mucosal ulcerations. This
process combined with an acute immune response is responsible
for the purulent bloody diarrhea characteristic of the disease.

Differential Characteristics
S. dysenteriae is a straight, nonmotile, facultatively anaerobic, Gram-
negative rod. It does not ferment lactose, mannitol, raffinose,
sucrose, or xylose and is negative for ONPG and ornithine decar-
boxylase. Diagnostic procedures include fecal leukocyte stain and
stool culture.

SECTION 12 � Bacterial Pathogens � 157

12-55 GRAM STAIN OF A SHIGELLA DYSENTERIAE STOCK CULTURE The
cells are straight rods ranging in size from 0.7–1.0 µm wide by 1.0–3.0 µm long.

12-56 SHIGELLA FLEXNERI ON SALMONELLA-SHIGELLA
(SS) AGAR Compare to Salmonella Enteritidis (Figure 12-52)
and Salmonella typhi (Figure 12-54). Note the colorless
colonies due to inability to ferment lactose or reduce sulfur—
both included in the medium.

Treatment
Administration of ampicillin, sulfamethoxazole
with trimethoprim, or ciprofloxacin.

Staphylococcus aureus
Staphylococcus aureus (Phylum Firmicutes) is a normal
human inhabitant, most commonly found in the nose, but
also known to inhabit the skin and vagina. It is a common
nosocomial pathogen that causes toxic shock syndrome,
food poisoning, scalded skin syndrome, and abscesses
virtually anywhere in the body. Factors that increase its
virulence include: antiphagocytic proteins, lipase production
(which aids entry through the skin), coagulase (which en-
hances the formation of abscesses), enterotoxins (which
induce vomiting and diarrhea), and exotoxins (which destroy
polymorphonuclear leukocytes, aid necrosis, and produce
fever, chills, shock, and rash). S. aureus is transmitted by
direct human-to-human contact, aerosols, or environmental
factors. It is a robust organism that resists cleaning solutions
and antimicrobial agents, and can survive for weeks in the
environment.

Differential Characteristics
S. aureus is a nonmotile, facultatively anaerobic, �-hemolytic,
Gram-positive coccus (Figures 12-57 and 12-58). S. aureus

is positive for the slide coagulase test (bound coagulase),
the tube coagulase test (free coagulase), and DNAse. It can
grow in media containing up to 10% NaCl. Diagnostic
procedures include Gram stain, appropriate-site aerobic
culture, and teichoic acid antibody test.

12-57 GRAM STAIN OF A STAPHYLOCOCCUS AUREUS STOCK
CULTURE Note the characteristic grape-like clusters. Cells are approxi-
mately 0.5–1.0 in diameter.
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Salmonella typhi
Salmonella typhi (Class Gammaproteobacteria)4 is the causative
agent of typhoid fever in humans. The organism is typically trans-
mitted by fecally contaminated food or water. As described in Sal-
monella Enteritidis on the previous page, S. typhi initially attacks
epithelial cells of the small intestine, is ushered into the under-
lying connective tissue and regional lymph nodes, and begins to
multiply. It then enters the bloodstream where it produces acute
bacteremia and subsequently infects the liver, spleen, bone
marrow, and eventually the kidneys and gallbladder. This phase,
accompanied by high fever and sometimes diarrhea, is long lasting
and continuous (up to 8 weeks in untreated cases). In a small
percentage of patients (“carriers”), the organism is harbored
asymptomatically in the gallbladder and sloughed in the feces
for up to a year or more.

Differential Characteristics
S. typhi is a straight, motile, encapsulated, facultatively anaerobic,
nonsporing, Gram-negative rod (Figures 12-53 and 12-54). Diag-
nostic procedures include aerobic and anaerobic blood culture,

12-53 GRAM STAIN OF A SALMONELLA TYPHI STOCK CULTURE The cells
are straight rods ranging in size from 0.7–1.5 µm wide by 2.0–5.0 µm long.

12-54 SALMONELLA TYPHI ON SALMONELLA-SHIGELLA
AGAR Compare to Salmonella Enteritidis (Figure 12-52) and
Shigella flexneri (Figure 12-56). Note the absence of black in the
colonies due to weak (or lack of) sulfur reduction to H2S.

bone marrow culture, and stool culture. S. typhi is
MR positive and indole, VP, and citrate negative,
and does not ferment lactose. Because the vast num-
ber of strains differ primarily in antigenic structure,
serogrouping by a reference laboratory is necessary
for final identification.

Treatment
Administration of third generation cephalosporins,
ampicillin, sulfamethoxazole with trimethoprim,
chloramphenicol, or ciprofloxacin

Shigella dysenteriae
Shigella dysenteriae (Class Gammaproteobacteria) is one of
four Shigella species (S. dysenteriae [Figure 12-55], S. flexneri
[Figure 12-56], S. boydii, and S. sonnei), all of which are
responsible for bacillary dysentery (shigellosis) in humans
and a few other primates. S. dysenteriae is endemic in Africa,
Asia, and Latin America; S. flexneri and S. sonnei are found
primarily in developed areas including the United States;
and S. boydii is mostly restricted to India. The majority of
cases occur in children under 10 years of age. Transmission
is by direct person-to-person contact or ingestion of food or

water contaminated by human feces. It is highly communi-
cable and virulent; it can cause illness with as few as 200
organisms, but more typically with 103 organisms. Although
all species of Shigella cause the disease, S. dysenteriae alone
produces the cell-killing Shiga exotoxin and is, therefore, re-
sponsible for the most severe symptoms. Unlike Salmonella,
Shigella spp. are resistant to the stomach’s acidic environ-
ment which accounts, in part, for the low infectious dose.
Once in the intestine, they induce phagocytosis by host
epithelial cells where they multiply and then spread in a

4 Abbreviated from Salmonella enterica subspecies Enterica serovar Typhi.
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process that kills the cells and forms mucosal ulcerations. This
process combined with an acute immune response is responsible
for the purulent bloody diarrhea characteristic of the disease.

Differential Characteristics
S. dysenteriae is a straight, nonmotile, facultatively anaerobic, Gram-
negative rod. It does not ferment lactose, mannitol, raffinose,
sucrose, or xylose and is negative for ONPG and ornithine decar-
boxylase. Diagnostic procedures include fecal leukocyte stain and
stool culture.

SECTION 12 � Bacterial Pathogens � 157

12-55 GRAM STAIN OF A SHIGELLA DYSENTERIAE STOCK CULTURE The
cells are straight rods ranging in size from 0.7–1.0 µm wide by 1.0–3.0 µm long.

12-56 SHIGELLA FLEXNERI ON SALMONELLA-SHIGELLA
(SS) AGAR Compare to Salmonella Enteritidis (Figure 12-52)
and Salmonella typhi (Figure 12-54). Note the colorless
colonies due to inability to ferment lactose or reduce sulfur—
both included in the medium.

Treatment
Administration of ampicillin, sulfamethoxazole
with trimethoprim, or ciprofloxacin.

Staphylococcus aureus
Staphylococcus aureus (Phylum Firmicutes) is a normal
human inhabitant, most commonly found in the nose, but
also known to inhabit the skin and vagina. It is a common
nosocomial pathogen that causes toxic shock syndrome,
food poisoning, scalded skin syndrome, and abscesses
virtually anywhere in the body. Factors that increase its
virulence include: antiphagocytic proteins, lipase production
(which aids entry through the skin), coagulase (which en-
hances the formation of abscesses), enterotoxins (which
induce vomiting and diarrhea), and exotoxins (which destroy
polymorphonuclear leukocytes, aid necrosis, and produce
fever, chills, shock, and rash). S. aureus is transmitted by
direct human-to-human contact, aerosols, or environmental
factors. It is a robust organism that resists cleaning solutions
and antimicrobial agents, and can survive for weeks in the
environment.

Differential Characteristics
S. aureus is a nonmotile, facultatively anaerobic, �-hemolytic,
Gram-positive coccus (Figures 12-57 and 12-58). S. aureus

is positive for the slide coagulase test (bound coagulase),
the tube coagulase test (free coagulase), and DNAse. It can
grow in media containing up to 10% NaCl. Diagnostic
procedures include Gram stain, appropriate-site aerobic
culture, and teichoic acid antibody test.

12-57 GRAM STAIN OF A STAPHYLOCOCCUS AUREUS STOCK
CULTURE Note the characteristic grape-like clusters. Cells are approxi-
mately 0.5–1.0 in diameter.
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Salmonella typhi
Salmonella typhi (Class Gammaproteobacteria)4 is the causative
agent of typhoid fever in humans. The organism is typically trans-
mitted by fecally contaminated food or water. As described in Sal-
monella Enteritidis on the previous page, S. typhi initially attacks
epithelial cells of the small intestine, is ushered into the under-
lying connective tissue and regional lymph nodes, and begins to
multiply. It then enters the bloodstream where it produces acute
bacteremia and subsequently infects the liver, spleen, bone
marrow, and eventually the kidneys and gallbladder. This phase,
accompanied by high fever and sometimes diarrhea, is long lasting
and continuous (up to 8 weeks in untreated cases). In a small
percentage of patients (“carriers”), the organism is harbored
asymptomatically in the gallbladder and sloughed in the feces
for up to a year or more.

Differential Characteristics
S. typhi is a straight, motile, encapsulated, facultatively anaerobic,
nonsporing, Gram-negative rod (Figures 12-53 and 12-54). Diag-
nostic procedures include aerobic and anaerobic blood culture,

12-53 GRAM STAIN OF A SALMONELLA TYPHI STOCK CULTURE The cells
are straight rods ranging in size from 0.7–1.5 µm wide by 2.0–5.0 µm long.

12-54 SALMONELLA TYPHI ON SALMONELLA-SHIGELLA
AGAR Compare to Salmonella Enteritidis (Figure 12-52) and
Shigella flexneri (Figure 12-56). Note the absence of black in the
colonies due to weak (or lack of) sulfur reduction to H2S.

bone marrow culture, and stool culture. S. typhi is
MR positive and indole, VP, and citrate negative,
and does not ferment lactose. Because the vast num-
ber of strains differ primarily in antigenic structure,
serogrouping by a reference laboratory is necessary
for final identification.

Treatment
Administration of third generation cephalosporins,
ampicillin, sulfamethoxazole with trimethoprim,
chloramphenicol, or ciprofloxacin

Shigella dysenteriae
Shigella dysenteriae (Class Gammaproteobacteria) is one of
four Shigella species (S. dysenteriae [Figure 12-55], S. flexneri
[Figure 12-56], S. boydii, and S. sonnei), all of which are
responsible for bacillary dysentery (shigellosis) in humans
and a few other primates. S. dysenteriae is endemic in Africa,
Asia, and Latin America; S. flexneri and S. sonnei are found
primarily in developed areas including the United States;
and S. boydii is mostly restricted to India. The majority of
cases occur in children under 10 years of age. Transmission
is by direct person-to-person contact or ingestion of food or

water contaminated by human feces. It is highly communi-
cable and virulent; it can cause illness with as few as 200
organisms, but more typically with 103 organisms. Although
all species of Shigella cause the disease, S. dysenteriae alone
produces the cell-killing Shiga exotoxin and is, therefore, re-
sponsible for the most severe symptoms. Unlike Salmonella,
Shigella spp. are resistant to the stomach’s acidic environ-
ment which accounts, in part, for the low infectious dose.
Once in the intestine, they induce phagocytosis by host
epithelial cells where they multiply and then spread in a

4 Abbreviated from Salmonella enterica subspecies Enterica serovar Typhi.
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process that kills the cells and forms mucosal ulcerations. This
process combined with an acute immune response is responsible
for the purulent bloody diarrhea characteristic of the disease.

Differential Characteristics
S. dysenteriae is a straight, nonmotile, facultatively anaerobic, Gram-
negative rod. It does not ferment lactose, mannitol, raffinose,
sucrose, or xylose and is negative for ONPG and ornithine decar-
boxylase. Diagnostic procedures include fecal leukocyte stain and
stool culture.

SECTION 12 � Bacterial Pathogens � 157

12-55 GRAM STAIN OF A SHIGELLA DYSENTERIAE STOCK CULTURE The
cells are straight rods ranging in size from 0.7–1.0 µm wide by 1.0–3.0 µm long.

12-56 SHIGELLA FLEXNERI ON SALMONELLA-SHIGELLA
(SS) AGAR Compare to Salmonella Enteritidis (Figure 12-52)
and Salmonella typhi (Figure 12-54). Note the colorless
colonies due to inability to ferment lactose or reduce sulfur—
both included in the medium.

Treatment
Administration of ampicillin, sulfamethoxazole
with trimethoprim, or ciprofloxacin.

Staphylococcus aureus
Staphylococcus aureus (Phylum Firmicutes) is a normal
human inhabitant, most commonly found in the nose, but
also known to inhabit the skin and vagina. It is a common
nosocomial pathogen that causes toxic shock syndrome,
food poisoning, scalded skin syndrome, and abscesses
virtually anywhere in the body. Factors that increase its
virulence include: antiphagocytic proteins, lipase production
(which aids entry through the skin), coagulase (which en-
hances the formation of abscesses), enterotoxins (which
induce vomiting and diarrhea), and exotoxins (which destroy
polymorphonuclear leukocytes, aid necrosis, and produce
fever, chills, shock, and rash). S. aureus is transmitted by
direct human-to-human contact, aerosols, or environmental
factors. It is a robust organism that resists cleaning solutions
and antimicrobial agents, and can survive for weeks in the
environment.

Differential Characteristics
S. aureus is a nonmotile, facultatively anaerobic, �-hemolytic,
Gram-positive coccus (Figures 12-57 and 12-58). S. aureus

is positive for the slide coagulase test (bound coagulase),
the tube coagulase test (free coagulase), and DNAse. It can
grow in media containing up to 10% NaCl. Diagnostic
procedures include Gram stain, appropriate-site aerobic
culture, and teichoic acid antibody test.

12-57 GRAM STAIN OF A STAPHYLOCOCCUS AUREUS STOCK
CULTURE Note the characteristic grape-like clusters. Cells are approxi-
mately 0.5–1.0 in diameter.
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Treatment
Possible effective antibiotics are too numerous to mention here.
Since S. aureus has shown a remarkable ability to resist most
antibiotics (e.g., Methicillin-resistant Staphylococcus aureus—
MRSA), susceptibility testing (page 223) is recommended for
each isolate.

158 � A Photographic Atlas for the Microbiology Laboratory

12-58 STAPHYLOCOCCUS AUREUS ON SHEEP BLOOD AGAR
Note the �-hemolysis. Note also the absence of yellow color in the
colonies, typical of S. aureus growth on Nutrient Agar. Compare
with S. epidermidis colonies in Figure 12-60.

Staphylococcus epidermidis
Staphylococcus epidermidis (Phylum Firmicutes) is a normal
inhabitant of human skin that has become a significant oppor-
tunistic nosocomial pathogen. It is the most common coagulase-
negative Staphylococcus encountered clinically. Most strains
produce a slime layer that may enable them to attach to certain
hospital apparati used in invasive procedures, thereby gaining
entry to the body. Infections originating at the site of prosthetic
implantation are frequently caused by S. epidermidis. Due to
multiple antibiotic resistance and the generally weakened con-
dition of a convalescing patient, disseminated S. epidermidis
infection can be quite severe and is frequently fatal.

Differential Characteristics
S. epidermidis is a nonmotile, facultatively anaerobic, non-
hemolytic, Gram-positive coccus (Figures 12-59 and 12-60).
It ferments maltose but does not ferment sucrose, xylose, or
trehalose. It is positive for alkaline phosphatase production and

12-60 STAPHYLOCOCCUS EPIDERMIDIS ON SHEEP BLOOD
AGAR Note the small white colonies and absence of hemolysis.
Compare with S. aureus colonies in Figure 12-58.

negative for coagulase and DNase. Diagnostic procedures
include Gram stain and appropriate-site aerobic culture.

Treatment
Like S. aureus, S. epidermidis has demonstrated an
ability to resist certain antibiotics. Susceptibility testing
(page 223) is recommended for individual isolates.

12-59 GRAM STAIN OF A STAPHYLOCOCCUS EPIDERMIDIS STOCK
CULTURE Cells are approximately 0.8–1.0 µm in diameter.
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Streptococcus agalactiae
Known also as group B streptococci, strains of Streptococcus
agalactiae (Phylum Firmicutes) are the major cause of neonatal
meningitis in the United States. The reservoir for this organism is
believed to be the intestinal tracts of humans and animals, but it
is often found in the vagina of pregnant women. The organism
is typically acquired by the infant in utero through a damaged
membrane, from the birth canal during childbirth, or from contact
with contaminants after birth. Its virulence is attributable to a
polysaccharide capsule which allows it to survive phagocytosis,
multiply, and eventually spread by way of the bloodstream. Dis-
seminated disease also causes pneumonia and septic shock, espe-
cially in the elderly and immunocompromised populations.

Differential Characteristics
S. agalactiae is a �-hemolytic or nonhemolytic, nonmotile, encap-
sulated, facultatively anaerobic, Gram-positive coccus (Figures
12-61 and 12-62). It is positive for the CAMP test and sodium

12-61 GRAM STAIN OF A STREPTOCOCCUS AGALACTIAE (GROUP B
STREPTOCOCCI) STOCK CULTURE Spherical or ovoid cells 0.6–1.2 µm in
diameter are usually seen as pairs or in chains.

12-62 STREPTOCOCCUS AGALACTIAE (GROUP B STREP-
TOCOCCI) ON SHEEP BLOOD AGAR Note the �-hemolysis
(some strains are nonhemolytic).

hippurae hydrolysis, negative for Voges-Proskauer
and PYR, and is bacitracin and SXT-resistant. Diag-
nostic procedures include appropriate-site aerobic
culture and group B Streptococcus antigen test.

Treatment
Administration of penicillin G, amoxicillin, ampi-
cillin, 1st generation cephalosporins, erythromycin,
or vancomycin.

Streptococcus mutans
Streptococcus mutans (Phylum Firmicutes) is one member
of the streptococcal group known as the “mutans” group.
The mutans group is one of five groups in the “viridans
group,” which also includes the “anginosus group,” “bovis
group,” “mitis group,” and “salivarius group.” All viridans
streptococci are either �-hemolytic or nonhemolytic, Gram-
positive cocci typically found in the mouth, upper respira-
tory tract, and urogenital tract of humans.

Members of the mutans group are the most common
cause of subacute endocarditis in patients with existing
heart valve problems or prosthetic heart valves. They are

also responsible for bacteremia following dental or urogenital
invasive procedures, and in immunosuppressed patients un-
dergoing chemotherapy and bone marrow transplantation.
Clinically, the most common encounter with oral strepto-
cocci is in the dentist’s chair. Several of these organisms are
capable of hydrolyzing sucrose and forming dental plaque,
which in turn provides the anaerobic environment ideal for
fermentation. Acid produced by this fermentation and that
of certain Lactobacilli erodes the tooth enamel and is re-
sponsible for the formation of dental caries (see Snyder Test
on page 237).
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Treatment
Possible effective antibiotics are too numerous to mention here.
Since S. aureus has shown a remarkable ability to resist most
antibiotics (e.g., Methicillin-resistant Staphylococcus aureus—
MRSA), susceptibility testing (page 223) is recommended for
each isolate.

158 � A Photographic Atlas for the Microbiology Laboratory

12-58 STAPHYLOCOCCUS AUREUS ON SHEEP BLOOD AGAR
Note the �-hemolysis. Note also the absence of yellow color in the
colonies, typical of S. aureus growth on Nutrient Agar. Compare
with S. epidermidis colonies in Figure 12-60.

Staphylococcus epidermidis
Staphylococcus epidermidis (Phylum Firmicutes) is a normal
inhabitant of human skin that has become a significant oppor-
tunistic nosocomial pathogen. It is the most common coagulase-
negative Staphylococcus encountered clinically. Most strains
produce a slime layer that may enable them to attach to certain
hospital apparati used in invasive procedures, thereby gaining
entry to the body. Infections originating at the site of prosthetic
implantation are frequently caused by S. epidermidis. Due to
multiple antibiotic resistance and the generally weakened con-
dition of a convalescing patient, disseminated S. epidermidis
infection can be quite severe and is frequently fatal.

Differential Characteristics
S. epidermidis is a nonmotile, facultatively anaerobic, non-
hemolytic, Gram-positive coccus (Figures 12-59 and 12-60).
It ferments maltose but does not ferment sucrose, xylose, or
trehalose. It is positive for alkaline phosphatase production and

12-60 STAPHYLOCOCCUS EPIDERMIDIS ON SHEEP BLOOD
AGAR Note the small white colonies and absence of hemolysis.
Compare with S. aureus colonies in Figure 12-58.

negative for coagulase and DNase. Diagnostic procedures
include Gram stain and appropriate-site aerobic culture.

Treatment
Like S. aureus, S. epidermidis has demonstrated an
ability to resist certain antibiotics. Susceptibility testing
(page 223) is recommended for individual isolates.

12-59 GRAM STAIN OF A STAPHYLOCOCCUS EPIDERMIDIS STOCK
CULTURE Cells are approximately 0.8–1.0 µm in diameter.
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Streptococcus agalactiae
Known also as group B streptococci, strains of Streptococcus
agalactiae (Phylum Firmicutes) are the major cause of neonatal
meningitis in the United States. The reservoir for this organism is
believed to be the intestinal tracts of humans and animals, but it
is often found in the vagina of pregnant women. The organism
is typically acquired by the infant in utero through a damaged
membrane, from the birth canal during childbirth, or from contact
with contaminants after birth. Its virulence is attributable to a
polysaccharide capsule which allows it to survive phagocytosis,
multiply, and eventually spread by way of the bloodstream. Dis-
seminated disease also causes pneumonia and septic shock, espe-
cially in the elderly and immunocompromised populations.

Differential Characteristics
S. agalactiae is a �-hemolytic or nonhemolytic, nonmotile, encap-
sulated, facultatively anaerobic, Gram-positive coccus (Figures
12-61 and 12-62). It is positive for the CAMP test and sodium

12-61 GRAM STAIN OF A STREPTOCOCCUS AGALACTIAE (GROUP B
STREPTOCOCCI) STOCK CULTURE Spherical or ovoid cells 0.6–1.2 µm in
diameter are usually seen as pairs or in chains.

12-62 STREPTOCOCCUS AGALACTIAE (GROUP B STREP-
TOCOCCI) ON SHEEP BLOOD AGAR Note the �-hemolysis
(some strains are nonhemolytic).

hippurae hydrolysis, negative for Voges-Proskauer
and PYR, and is bacitracin and SXT-resistant. Diag-
nostic procedures include appropriate-site aerobic
culture and group B Streptococcus antigen test.

Treatment
Administration of penicillin G, amoxicillin, ampi-
cillin, 1st generation cephalosporins, erythromycin,
or vancomycin.

Streptococcus mutans
Streptococcus mutans (Phylum Firmicutes) is one member
of the streptococcal group known as the “mutans” group.
The mutans group is one of five groups in the “viridans
group,” which also includes the “anginosus group,” “bovis
group,” “mitis group,” and “salivarius group.” All viridans
streptococci are either �-hemolytic or nonhemolytic, Gram-
positive cocci typically found in the mouth, upper respira-
tory tract, and urogenital tract of humans.

Members of the mutans group are the most common
cause of subacute endocarditis in patients with existing
heart valve problems or prosthetic heart valves. They are

also responsible for bacteremia following dental or urogenital
invasive procedures, and in immunosuppressed patients un-
dergoing chemotherapy and bone marrow transplantation.
Clinically, the most common encounter with oral strepto-
cocci is in the dentist’s chair. Several of these organisms are
capable of hydrolyzing sucrose and forming dental plaque,
which in turn provides the anaerobic environment ideal for
fermentation. Acid produced by this fermentation and that
of certain Lactobacilli erodes the tooth enamel and is re-
sponsible for the formation of dental caries (see Snyder Test
on page 237).

133-164 Section 12 12/15/10 11:30 AM Page 159

90 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 161 91



Treatment
Possible effective antibiotics are too numerous to mention here.
Since S. aureus has shown a remarkable ability to resist most
antibiotics (e.g., Methicillin-resistant Staphylococcus aureus—
MRSA), susceptibility testing (page 223) is recommended for
each isolate.

158 � A Photographic Atlas for the Microbiology Laboratory

12-58 STAPHYLOCOCCUS AUREUS ON SHEEP BLOOD AGAR
Note the �-hemolysis. Note also the absence of yellow color in the
colonies, typical of S. aureus growth on Nutrient Agar. Compare
with S. epidermidis colonies in Figure 12-60.

Staphylococcus epidermidis
Staphylococcus epidermidis (Phylum Firmicutes) is a normal
inhabitant of human skin that has become a significant oppor-
tunistic nosocomial pathogen. It is the most common coagulase-
negative Staphylococcus encountered clinically. Most strains
produce a slime layer that may enable them to attach to certain
hospital apparati used in invasive procedures, thereby gaining
entry to the body. Infections originating at the site of prosthetic
implantation are frequently caused by S. epidermidis. Due to
multiple antibiotic resistance and the generally weakened con-
dition of a convalescing patient, disseminated S. epidermidis
infection can be quite severe and is frequently fatal.

Differential Characteristics
S. epidermidis is a nonmotile, facultatively anaerobic, non-
hemolytic, Gram-positive coccus (Figures 12-59 and 12-60).
It ferments maltose but does not ferment sucrose, xylose, or
trehalose. It is positive for alkaline phosphatase production and

12-60 STAPHYLOCOCCUS EPIDERMIDIS ON SHEEP BLOOD
AGAR Note the small white colonies and absence of hemolysis.
Compare with S. aureus colonies in Figure 12-58.

negative for coagulase and DNase. Diagnostic procedures
include Gram stain and appropriate-site aerobic culture.

Treatment
Like S. aureus, S. epidermidis has demonstrated an
ability to resist certain antibiotics. Susceptibility testing
(page 223) is recommended for individual isolates.

12-59 GRAM STAIN OF A STAPHYLOCOCCUS EPIDERMIDIS STOCK
CULTURE Cells are approximately 0.8–1.0 µm in diameter.
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Streptococcus agalactiae
Known also as group B streptococci, strains of Streptococcus
agalactiae (Phylum Firmicutes) are the major cause of neonatal
meningitis in the United States. The reservoir for this organism is
believed to be the intestinal tracts of humans and animals, but it
is often found in the vagina of pregnant women. The organism
is typically acquired by the infant in utero through a damaged
membrane, from the birth canal during childbirth, or from contact
with contaminants after birth. Its virulence is attributable to a
polysaccharide capsule which allows it to survive phagocytosis,
multiply, and eventually spread by way of the bloodstream. Dis-
seminated disease also causes pneumonia and septic shock, espe-
cially in the elderly and immunocompromised populations.

Differential Characteristics
S. agalactiae is a �-hemolytic or nonhemolytic, nonmotile, encap-
sulated, facultatively anaerobic, Gram-positive coccus (Figures
12-61 and 12-62). It is positive for the CAMP test and sodium

12-61 GRAM STAIN OF A STREPTOCOCCUS AGALACTIAE (GROUP B
STREPTOCOCCI) STOCK CULTURE Spherical or ovoid cells 0.6–1.2 µm in
diameter are usually seen as pairs or in chains.

12-62 STREPTOCOCCUS AGALACTIAE (GROUP B STREP-
TOCOCCI) ON SHEEP BLOOD AGAR Note the �-hemolysis
(some strains are nonhemolytic).

hippurae hydrolysis, negative for Voges-Proskauer
and PYR, and is bacitracin and SXT-resistant. Diag-
nostic procedures include appropriate-site aerobic
culture and group B Streptococcus antigen test.

Treatment
Administration of penicillin G, amoxicillin, ampi-
cillin, 1st generation cephalosporins, erythromycin,
or vancomycin.

Streptococcus mutans
Streptococcus mutans (Phylum Firmicutes) is one member
of the streptococcal group known as the “mutans” group.
The mutans group is one of five groups in the “viridans
group,” which also includes the “anginosus group,” “bovis
group,” “mitis group,” and “salivarius group.” All viridans
streptococci are either �-hemolytic or nonhemolytic, Gram-
positive cocci typically found in the mouth, upper respira-
tory tract, and urogenital tract of humans.

Members of the mutans group are the most common
cause of subacute endocarditis in patients with existing
heart valve problems or prosthetic heart valves. They are

also responsible for bacteremia following dental or urogenital
invasive procedures, and in immunosuppressed patients un-
dergoing chemotherapy and bone marrow transplantation.
Clinically, the most common encounter with oral strepto-
cocci is in the dentist’s chair. Several of these organisms are
capable of hydrolyzing sucrose and forming dental plaque,
which in turn provides the anaerobic environment ideal for
fermentation. Acid produced by this fermentation and that
of certain Lactobacilli erodes the tooth enamel and is re-
sponsible for the formation of dental caries (see Snyder Test
on page 237).
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Treatment
Possible effective antibiotics are too numerous to mention here.
Since S. aureus has shown a remarkable ability to resist most
antibiotics (e.g., Methicillin-resistant Staphylococcus aureus—
MRSA), susceptibility testing (page 223) is recommended for
each isolate.

158 � A Photographic Atlas for the Microbiology Laboratory

12-58 STAPHYLOCOCCUS AUREUS ON SHEEP BLOOD AGAR
Note the �-hemolysis. Note also the absence of yellow color in the
colonies, typical of S. aureus growth on Nutrient Agar. Compare
with S. epidermidis colonies in Figure 12-60.

Staphylococcus epidermidis
Staphylococcus epidermidis (Phylum Firmicutes) is a normal
inhabitant of human skin that has become a significant oppor-
tunistic nosocomial pathogen. It is the most common coagulase-
negative Staphylococcus encountered clinically. Most strains
produce a slime layer that may enable them to attach to certain
hospital apparati used in invasive procedures, thereby gaining
entry to the body. Infections originating at the site of prosthetic
implantation are frequently caused by S. epidermidis. Due to
multiple antibiotic resistance and the generally weakened con-
dition of a convalescing patient, disseminated S. epidermidis
infection can be quite severe and is frequently fatal.

Differential Characteristics
S. epidermidis is a nonmotile, facultatively anaerobic, non-
hemolytic, Gram-positive coccus (Figures 12-59 and 12-60).
It ferments maltose but does not ferment sucrose, xylose, or
trehalose. It is positive for alkaline phosphatase production and

12-60 STAPHYLOCOCCUS EPIDERMIDIS ON SHEEP BLOOD
AGAR Note the small white colonies and absence of hemolysis.
Compare with S. aureus colonies in Figure 12-58.

negative for coagulase and DNase. Diagnostic procedures
include Gram stain and appropriate-site aerobic culture.

Treatment
Like S. aureus, S. epidermidis has demonstrated an
ability to resist certain antibiotics. Susceptibility testing
(page 223) is recommended for individual isolates.

12-59 GRAM STAIN OF A STAPHYLOCOCCUS EPIDERMIDIS STOCK
CULTURE Cells are approximately 0.8–1.0 µm in diameter.
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Streptococcus agalactiae
Known also as group B streptococci, strains of Streptococcus
agalactiae (Phylum Firmicutes) are the major cause of neonatal
meningitis in the United States. The reservoir for this organism is
believed to be the intestinal tracts of humans and animals, but it
is often found in the vagina of pregnant women. The organism
is typically acquired by the infant in utero through a damaged
membrane, from the birth canal during childbirth, or from contact
with contaminants after birth. Its virulence is attributable to a
polysaccharide capsule which allows it to survive phagocytosis,
multiply, and eventually spread by way of the bloodstream. Dis-
seminated disease also causes pneumonia and septic shock, espe-
cially in the elderly and immunocompromised populations.

Differential Characteristics
S. agalactiae is a �-hemolytic or nonhemolytic, nonmotile, encap-
sulated, facultatively anaerobic, Gram-positive coccus (Figures
12-61 and 12-62). It is positive for the CAMP test and sodium

12-61 GRAM STAIN OF A STREPTOCOCCUS AGALACTIAE (GROUP B
STREPTOCOCCI) STOCK CULTURE Spherical or ovoid cells 0.6–1.2 µm in
diameter are usually seen as pairs or in chains.

12-62 STREPTOCOCCUS AGALACTIAE (GROUP B STREP-
TOCOCCI) ON SHEEP BLOOD AGAR Note the �-hemolysis
(some strains are nonhemolytic).

hippurae hydrolysis, negative for Voges-Proskauer
and PYR, and is bacitracin and SXT-resistant. Diag-
nostic procedures include appropriate-site aerobic
culture and group B Streptococcus antigen test.

Treatment
Administration of penicillin G, amoxicillin, ampi-
cillin, 1st generation cephalosporins, erythromycin,
or vancomycin.

Streptococcus mutans
Streptococcus mutans (Phylum Firmicutes) is one member
of the streptococcal group known as the “mutans” group.
The mutans group is one of five groups in the “viridans
group,” which also includes the “anginosus group,” “bovis
group,” “mitis group,” and “salivarius group.” All viridans
streptococci are either �-hemolytic or nonhemolytic, Gram-
positive cocci typically found in the mouth, upper respira-
tory tract, and urogenital tract of humans.

Members of the mutans group are the most common
cause of subacute endocarditis in patients with existing
heart valve problems or prosthetic heart valves. They are

also responsible for bacteremia following dental or urogenital
invasive procedures, and in immunosuppressed patients un-
dergoing chemotherapy and bone marrow transplantation.
Clinically, the most common encounter with oral strepto-
cocci is in the dentist’s chair. Several of these organisms are
capable of hydrolyzing sucrose and forming dental plaque,
which in turn provides the anaerobic environment ideal for
fermentation. Acid produced by this fermentation and that
of certain Lactobacilli erodes the tooth enamel and is re-
sponsible for the formation of dental caries (see Snyder Test
on page 237).

133-164 Section 12 12/15/10 11:30 AM Page 159

90 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 161 91



Differential Characteristics
S. mutans is an �-hemolytic or nonhemolytic, nonmotile,
facultatively anaerobic, Gram-positive coccus (Figure 12-63)
and is resistant to optochin (page 87). Species identification
is usually not clinically necessary for the �-hemolytic and
nonhemolytic streptococci. The various groups can be
differentiated from other groups based on their reactions in
six biochemical tests: arginine hydrolysis, esculin hydrolysis,
urease, Voges-Proskauer, and acid production from mannitol
and sorbitol fermentation. Diagnostic procedures include
Gram stain and appropriate-site aerobic culture.

Treatment
Administration of penicillin G, vancomycin, or 1st generation
cephalosporins.

160 � A Photographic Atlas for the Microbiology Laboratory

12-63 GRAM STAIN OF A STREPTOCOCCUS MUTANS STOCK
CULTURE Ovoid cells usually appear in short chains and range in
diameter from 0.5–0.75 µm.

Streptococcus pneumoniae
Streptococcus pneumoniae (Phylum Firmicutes) is esti-
mated to be carried asymptomatically by up to 75% of
the human population. Children and adults with children
are the principal carriers. It is a significant cause of
community-acquired bacterial pneumonia and meningitis
in adults. The organism typically colonizes the nasopharynx
where it either is eliminated from the body, spreads to
the lungs and develops into pneumonia, or is harbored
asymptomatically for up to several months. Transmission
is usually by direct contact with a carrier or contaminated
aerosols. At least 80 different serotypes of S. pneumoniae
exist and are defined antigenically by their capsules,
which are their primary virulence factor. Some serotypes
are more virulent than others due to their ability to avoid
phagocytosis by host cells and the degree to which they stimulate
antibody production. In the lungs the organism stimulates a vigor-
ous immune response marked by copious fluid production. In the
majority of infections, the invading organisms are cleared with no
long term effects. However, if complicated by bacteremia, menin-
gitis and other secondary infections are the likely result.

Differential Characteristics
S. pneumoniae is an �-hemolytic, nonmotile, encapsulated, facul-
tatively anaerobic, Gram-positive coccus (Figures 12-64 and
12-65). It is negative for arginine hydrolysis, esculin hydrolysis,
and acid production from mannitol and sorbitol. It is also urease
and Voges-Proskauer negative and susceptible to optochin. Diag-
nostic procedures include Gram stain, appropriate-site aerobic
culture, and rapid Streptococcus antigen test.

Treatment
As with the staphylococci, drug resistance is an issue with Strepto-
coccus and requires isolate susceptibility testing (page 223).

12-64 GRAM STAIN OF A STREPTOCOCCUS PNEUMONIAE STOCK CUL-
TURE Specimens from sputum samples are typically seen as singles or in
pairs and the cells are often elongated (lancet-shaped). They range in diam-
eter from 0.5–1.25 µm.

12-65 STREPTOCOCCUS PNEUMONIAE ON SHEEP BLOOD
AGAR Note the greenish color characteristic of �-hemolysis.
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Streptococcus pyogenes
Streptococcus pyogenes (Phylum Firmicutes), the principal
member of the group A streptococci (�-hemolytic streptococci),
is responsible for a variety of severe infections. It is responsible
for streptococcal pharyngitis (“strep throat”), impetigo, middle
ear infections, mastoiditis, and an array of infections resulting
from hematogenic dissemination of the organism, including
glomerulonephritis and acute rheumatic fever (ARF). The human
nose, throat, and skin are reservoirs for S. pyogenes. It is trans-
mitted by direct person-to-person contact or by contaminated
aerosols. A variety of virulence factors allow it to attach to epi-
thelial cells and also help it avoid phagocytosis. Once attached
to the host cells, it releases several toxins that elicit a vigorous
inflammatory response, resulting in severe local inflammation
sometimes accompanied by tissue necrosis. Once thought to be
waning after the discovery of antibiotics, group A streptococci
have made a comeback over the last 20� years. Since outbreaks
of ARF in 1985 there have been reports of other infections
including postpartum endomyometritis (puerpural fever),
necrotizing fasciitis (“flesh eating”), and toxic shock-like
syndrome (TSLS), which is very similar to staphylococcal
toxic shock syndrome.

Differential Characteristics
S. pyogenes is a �-hemolytic, nonmotile, encapsulated, faculta-
tively anaerobic, Gram-positive coccus (Figures 12-66 and 12-67).
It ferments lactose, salicin, and trehalose but not inulin, mannitol,
raffinose, fibose, or sorbitol. It hydrolyzes arginine and PYR,
but not hippurate. Alkaline phosphatase is produced, but acetoin
and �-galactosidase are not. It is susceptible to bacitracin. Diag-
nostic procedures include throat culture for �-hemolysis (large
zones, approximately 1 cm), Gram stain, appropriate-site aerobic
culture, serum antideoxyribonuclease-B titer, serum antistrepto-
lysin-O titer, group A streptococcus antigen test, and strepto-
zyme test.

Treatment
Administration of penicillin G, erythromycin, vancomycin, or
1st generation cephalosporins.

12-66 GRAM STAIN OF A STREPTOCOCCUS PYOGENES STOCK
CULTURE Specimens isolated from patients are usually seen in
pairs and short chains.

12-67 STREPTOCOCCUS PYOGENES ON SHEEP BLOOD AGAR
Note the extensive �-hemolysis.
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Differential Characteristics
S. mutans is an �-hemolytic or nonhemolytic, nonmotile,
facultatively anaerobic, Gram-positive coccus (Figure 12-63)
and is resistant to optochin (page 87). Species identification
is usually not clinically necessary for the �-hemolytic and
nonhemolytic streptococci. The various groups can be
differentiated from other groups based on their reactions in
six biochemical tests: arginine hydrolysis, esculin hydrolysis,
urease, Voges-Proskauer, and acid production from mannitol
and sorbitol fermentation. Diagnostic procedures include
Gram stain and appropriate-site aerobic culture.

Treatment
Administration of penicillin G, vancomycin, or 1st generation
cephalosporins.

160 � A Photographic Atlas for the Microbiology Laboratory

12-63 GRAM STAIN OF A STREPTOCOCCUS MUTANS STOCK
CULTURE Ovoid cells usually appear in short chains and range in
diameter from 0.5–0.75 µm.

Streptococcus pneumoniae
Streptococcus pneumoniae (Phylum Firmicutes) is esti-
mated to be carried asymptomatically by up to 75% of
the human population. Children and adults with children
are the principal carriers. It is a significant cause of
community-acquired bacterial pneumonia and meningitis
in adults. The organism typically colonizes the nasopharynx
where it either is eliminated from the body, spreads to
the lungs and develops into pneumonia, or is harbored
asymptomatically for up to several months. Transmission
is usually by direct contact with a carrier or contaminated
aerosols. At least 80 different serotypes of S. pneumoniae
exist and are defined antigenically by their capsules,
which are their primary virulence factor. Some serotypes
are more virulent than others due to their ability to avoid
phagocytosis by host cells and the degree to which they stimulate
antibody production. In the lungs the organism stimulates a vigor-
ous immune response marked by copious fluid production. In the
majority of infections, the invading organisms are cleared with no
long term effects. However, if complicated by bacteremia, menin-
gitis and other secondary infections are the likely result.

Differential Characteristics
S. pneumoniae is an �-hemolytic, nonmotile, encapsulated, facul-
tatively anaerobic, Gram-positive coccus (Figures 12-64 and
12-65). It is negative for arginine hydrolysis, esculin hydrolysis,
and acid production from mannitol and sorbitol. It is also urease
and Voges-Proskauer negative and susceptible to optochin. Diag-
nostic procedures include Gram stain, appropriate-site aerobic
culture, and rapid Streptococcus antigen test.

Treatment
As with the staphylococci, drug resistance is an issue with Strepto-
coccus and requires isolate susceptibility testing (page 223).

12-64 GRAM STAIN OF A STREPTOCOCCUS PNEUMONIAE STOCK CUL-
TURE Specimens from sputum samples are typically seen as singles or in
pairs and the cells are often elongated (lancet-shaped). They range in diam-
eter from 0.5–1.25 µm.

12-65 STREPTOCOCCUS PNEUMONIAE ON SHEEP BLOOD
AGAR Note the greenish color characteristic of �-hemolysis.
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Streptococcus pyogenes
Streptococcus pyogenes (Phylum Firmicutes), the principal
member of the group A streptococci (�-hemolytic streptococci),
is responsible for a variety of severe infections. It is responsible
for streptococcal pharyngitis (“strep throat”), impetigo, middle
ear infections, mastoiditis, and an array of infections resulting
from hematogenic dissemination of the organism, including
glomerulonephritis and acute rheumatic fever (ARF). The human
nose, throat, and skin are reservoirs for S. pyogenes. It is trans-
mitted by direct person-to-person contact or by contaminated
aerosols. A variety of virulence factors allow it to attach to epi-
thelial cells and also help it avoid phagocytosis. Once attached
to the host cells, it releases several toxins that elicit a vigorous
inflammatory response, resulting in severe local inflammation
sometimes accompanied by tissue necrosis. Once thought to be
waning after the discovery of antibiotics, group A streptococci
have made a comeback over the last 20� years. Since outbreaks
of ARF in 1985 there have been reports of other infections
including postpartum endomyometritis (puerpural fever),
necrotizing fasciitis (“flesh eating”), and toxic shock-like
syndrome (TSLS), which is very similar to staphylococcal
toxic shock syndrome.

Differential Characteristics
S. pyogenes is a �-hemolytic, nonmotile, encapsulated, faculta-
tively anaerobic, Gram-positive coccus (Figures 12-66 and 12-67).
It ferments lactose, salicin, and trehalose but not inulin, mannitol,
raffinose, fibose, or sorbitol. It hydrolyzes arginine and PYR,
but not hippurate. Alkaline phosphatase is produced, but acetoin
and �-galactosidase are not. It is susceptible to bacitracin. Diag-
nostic procedures include throat culture for �-hemolysis (large
zones, approximately 1 cm), Gram stain, appropriate-site aerobic
culture, serum antideoxyribonuclease-B titer, serum antistrepto-
lysin-O titer, group A streptococcus antigen test, and strepto-
zyme test.

Treatment
Administration of penicillin G, erythromycin, vancomycin, or
1st generation cephalosporins.

12-66 GRAM STAIN OF A STREPTOCOCCUS PYOGENES STOCK
CULTURE Specimens isolated from patients are usually seen in
pairs and short chains.

12-67 STREPTOCOCCUS PYOGENES ON SHEEP BLOOD AGAR
Note the extensive �-hemolysis.

133-164 Section 12 12/15/10 11:30 AM Page 161

92 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 161 93



Differential Characteristics
S. mutans is an �-hemolytic or nonhemolytic, nonmotile,
facultatively anaerobic, Gram-positive coccus (Figure 12-63)
and is resistant to optochin (page 87). Species identification
is usually not clinically necessary for the �-hemolytic and
nonhemolytic streptococci. The various groups can be
differentiated from other groups based on their reactions in
six biochemical tests: arginine hydrolysis, esculin hydrolysis,
urease, Voges-Proskauer, and acid production from mannitol
and sorbitol fermentation. Diagnostic procedures include
Gram stain and appropriate-site aerobic culture.

Treatment
Administration of penicillin G, vancomycin, or 1st generation
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mated to be carried asymptomatically by up to 75% of
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are the principal carriers. It is a significant cause of
community-acquired bacterial pneumonia and meningitis
in adults. The organism typically colonizes the nasopharynx
where it either is eliminated from the body, spreads to
the lungs and develops into pneumonia, or is harbored
asymptomatically for up to several months. Transmission
is usually by direct contact with a carrier or contaminated
aerosols. At least 80 different serotypes of S. pneumoniae
exist and are defined antigenically by their capsules,
which are their primary virulence factor. Some serotypes
are more virulent than others due to their ability to avoid
phagocytosis by host cells and the degree to which they stimulate
antibody production. In the lungs the organism stimulates a vigor-
ous immune response marked by copious fluid production. In the
majority of infections, the invading organisms are cleared with no
long term effects. However, if complicated by bacteremia, menin-
gitis and other secondary infections are the likely result.

Differential Characteristics
S. pneumoniae is an �-hemolytic, nonmotile, encapsulated, facul-
tatively anaerobic, Gram-positive coccus (Figures 12-64 and
12-65). It is negative for arginine hydrolysis, esculin hydrolysis,
and acid production from mannitol and sorbitol. It is also urease
and Voges-Proskauer negative and susceptible to optochin. Diag-
nostic procedures include Gram stain, appropriate-site aerobic
culture, and rapid Streptococcus antigen test.

Treatment
As with the staphylococci, drug resistance is an issue with Strepto-
coccus and requires isolate susceptibility testing (page 223).

12-64 GRAM STAIN OF A STREPTOCOCCUS PNEUMONIAE STOCK CUL-
TURE Specimens from sputum samples are typically seen as singles or in
pairs and the cells are often elongated (lancet-shaped). They range in diam-
eter from 0.5–1.25 µm.
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Streptococcus pyogenes
Streptococcus pyogenes (Phylum Firmicutes), the principal
member of the group A streptococci (�-hemolytic streptococci),
is responsible for a variety of severe infections. It is responsible
for streptococcal pharyngitis (“strep throat”), impetigo, middle
ear infections, mastoiditis, and an array of infections resulting
from hematogenic dissemination of the organism, including
glomerulonephritis and acute rheumatic fever (ARF). The human
nose, throat, and skin are reservoirs for S. pyogenes. It is trans-
mitted by direct person-to-person contact or by contaminated
aerosols. A variety of virulence factors allow it to attach to epi-
thelial cells and also help it avoid phagocytosis. Once attached
to the host cells, it releases several toxins that elicit a vigorous
inflammatory response, resulting in severe local inflammation
sometimes accompanied by tissue necrosis. Once thought to be
waning after the discovery of antibiotics, group A streptococci
have made a comeback over the last 20� years. Since outbreaks
of ARF in 1985 there have been reports of other infections
including postpartum endomyometritis (puerpural fever),
necrotizing fasciitis (“flesh eating”), and toxic shock-like
syndrome (TSLS), which is very similar to staphylococcal
toxic shock syndrome.

Differential Characteristics
S. pyogenes is a �-hemolytic, nonmotile, encapsulated, faculta-
tively anaerobic, Gram-positive coccus (Figures 12-66 and 12-67).
It ferments lactose, salicin, and trehalose but not inulin, mannitol,
raffinose, fibose, or sorbitol. It hydrolyzes arginine and PYR,
but not hippurate. Alkaline phosphatase is produced, but acetoin
and �-galactosidase are not. It is susceptible to bacitracin. Diag-
nostic procedures include throat culture for �-hemolysis (large
zones, approximately 1 cm), Gram stain, appropriate-site aerobic
culture, serum antideoxyribonuclease-B titer, serum antistrepto-
lysin-O titer, group A streptococcus antigen test, and strepto-
zyme test.

Treatment
Administration of penicillin G, erythromycin, vancomycin, or
1st generation cephalosporins.

12-66 GRAM STAIN OF A STREPTOCOCCUS PYOGENES STOCK
CULTURE Specimens isolated from patients are usually seen in
pairs and short chains.

12-67 STREPTOCOCCUS PYOGENES ON SHEEP BLOOD AGAR
Note the extensive �-hemolysis.
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S. mutans is an �-hemolytic or nonhemolytic, nonmotile,
facultatively anaerobic, Gram-positive coccus (Figure 12-63)
and is resistant to optochin (page 87). Species identification
is usually not clinically necessary for the �-hemolytic and
nonhemolytic streptococci. The various groups can be
differentiated from other groups based on their reactions in
six biochemical tests: arginine hydrolysis, esculin hydrolysis,
urease, Voges-Proskauer, and acid production from mannitol
and sorbitol fermentation. Diagnostic procedures include
Gram stain and appropriate-site aerobic culture.

Treatment
Administration of penicillin G, vancomycin, or 1st generation
cephalosporins.
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mated to be carried asymptomatically by up to 75% of
the human population. Children and adults with children
are the principal carriers. It is a significant cause of
community-acquired bacterial pneumonia and meningitis
in adults. The organism typically colonizes the nasopharynx
where it either is eliminated from the body, spreads to
the lungs and develops into pneumonia, or is harbored
asymptomatically for up to several months. Transmission
is usually by direct contact with a carrier or contaminated
aerosols. At least 80 different serotypes of S. pneumoniae
exist and are defined antigenically by their capsules,
which are their primary virulence factor. Some serotypes
are more virulent than others due to their ability to avoid
phagocytosis by host cells and the degree to which they stimulate
antibody production. In the lungs the organism stimulates a vigor-
ous immune response marked by copious fluid production. In the
majority of infections, the invading organisms are cleared with no
long term effects. However, if complicated by bacteremia, menin-
gitis and other secondary infections are the likely result.

Differential Characteristics
S. pneumoniae is an �-hemolytic, nonmotile, encapsulated, facul-
tatively anaerobic, Gram-positive coccus (Figures 12-64 and
12-65). It is negative for arginine hydrolysis, esculin hydrolysis,
and acid production from mannitol and sorbitol. It is also urease
and Voges-Proskauer negative and susceptible to optochin. Diag-
nostic procedures include Gram stain, appropriate-site aerobic
culture, and rapid Streptococcus antigen test.

Treatment
As with the staphylococci, drug resistance is an issue with Strepto-
coccus and requires isolate susceptibility testing (page 223).

12-64 GRAM STAIN OF A STREPTOCOCCUS PNEUMONIAE STOCK CUL-
TURE Specimens from sputum samples are typically seen as singles or in
pairs and the cells are often elongated (lancet-shaped). They range in diam-
eter from 0.5–1.25 µm.
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Streptococcus pyogenes
Streptococcus pyogenes (Phylum Firmicutes), the principal
member of the group A streptococci (�-hemolytic streptococci),
is responsible for a variety of severe infections. It is responsible
for streptococcal pharyngitis (“strep throat”), impetigo, middle
ear infections, mastoiditis, and an array of infections resulting
from hematogenic dissemination of the organism, including
glomerulonephritis and acute rheumatic fever (ARF). The human
nose, throat, and skin are reservoirs for S. pyogenes. It is trans-
mitted by direct person-to-person contact or by contaminated
aerosols. A variety of virulence factors allow it to attach to epi-
thelial cells and also help it avoid phagocytosis. Once attached
to the host cells, it releases several toxins that elicit a vigorous
inflammatory response, resulting in severe local inflammation
sometimes accompanied by tissue necrosis. Once thought to be
waning after the discovery of antibiotics, group A streptococci
have made a comeback over the last 20� years. Since outbreaks
of ARF in 1985 there have been reports of other infections
including postpartum endomyometritis (puerpural fever),
necrotizing fasciitis (“flesh eating”), and toxic shock-like
syndrome (TSLS), which is very similar to staphylococcal
toxic shock syndrome.

Differential Characteristics
S. pyogenes is a �-hemolytic, nonmotile, encapsulated, faculta-
tively anaerobic, Gram-positive coccus (Figures 12-66 and 12-67).
It ferments lactose, salicin, and trehalose but not inulin, mannitol,
raffinose, fibose, or sorbitol. It hydrolyzes arginine and PYR,
but not hippurate. Alkaline phosphatase is produced, but acetoin
and �-galactosidase are not. It is susceptible to bacitracin. Diag-
nostic procedures include throat culture for �-hemolysis (large
zones, approximately 1 cm), Gram stain, appropriate-site aerobic
culture, serum antideoxyribonuclease-B titer, serum antistrepto-
lysin-O titer, group A streptococcus antigen test, and strepto-
zyme test.

Treatment
Administration of penicillin G, erythromycin, vancomycin, or
1st generation cephalosporins.

12-66 GRAM STAIN OF A STREPTOCOCCUS PYOGENES STOCK
CULTURE Specimens isolated from patients are usually seen in
pairs and short chains.
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Treponema pallidum (Phylum Spirochaetes) is an exclusively
human pathogen and the infective agent of syphilis. It is
primarily a sexually transmitted disease (STD), however,
intravenous drug use has broadened the epidemic. Although
easily treated with penicillin, the number of congenital
syphilis cases (where the organism crosses the placenta and
infects the fetus) has also increased dramatically. The organ-
ism enters the body through mucous membranes, abrasions,
or fissures in the epithelia. Some of the organisms attach to
host epithelial cells and multiply, while others are carried to
lymph nodes where they enter the bloodstream and dissemi-
nate throughout the body. The disease develops in three
distinct stages: primary, secondary, and tertiary syphilis. Pri-
mary syphilis lasts about two to six weeks and is character-
ized by the formation of a local lesion called a “chancre.”
Hematogenic dissemination to all body regions (including
the CNS) takes place in this stage. An asymptomatic period
lasting up to six months follows. Secondary syphilis is char-
acterized by formation of lesions in the liver, lymph nodes,
muscles, and skin. A latent (asymptomatic) period follows
the secondary phase and lasts anywhere from five years
to several decades. Tertiary syphilis, the final stage of the
disease, is characterized by the destruction of neural and
cardiovascular tissue and the formation of tumors through-
out the body.

Differential Characteristics
T. pallidum is a motile, microaerophilic, Gram-negative
corkscrew-shaped rod (Figure 12-68). Initially, darkfield

microscopic examination of the patient’s sample is useful.
Following that, serological tests, such as immunofluorescence
and rapid plasma reagin tests (Figure 8-10), have proven to
be effective methods of determining the presence of T. palli-
dum. Biochemical tests are not done because the organism
does not grow well outside the host.

Treatment
Administration of penicillin G benzathine, penicillin G
procaine, or doxycycline.

162 � A Photographic Atlas for the Microbiology Laboratory

Treponema pallidum

Vibrio cholerae

12-68 SILVER STAIN OF TREPONEMA PALLIDUM (CENTER) IN
ANIMAL TISSUE This spirochete demonstrates “corkscrew motility” by
means of periplasmic flagella. Cells range in size from 0.2 µm wide by
5–15 µm long.

Vibrio cholerae (Class Gammaproteobacteria) strains are
typed according to their cell wall composition (O antigen).
Although there are 139 serotypes of this species, only two
(the O1 serogroup) have been responsible for the seven
cholera pandemics since 1817 including the current one.
The strains have been somewhat arbitrarily divided into the
O1 V. cholerae and the non-O1 V. cholerae to distinguish
the cholera-causing organisms from the rest. In 1992, how-
ever, a new strain appeared in Madras, India and quickly
spread throughout India, Bangladesh, and Southeast Asia.
This new strain, called serogroup O139, is believed by some
to be the etiologic agent of the eighth cholera pandemic.
Although immunity to O1 strains does not confer immunity
to O139, the diseases caused are indistinguishable. The
organism enters the body by the fecal-oral route, frequently
by way of undercooked contaminated seafood. A large

inoculum (1010 cells in water) is required to infect healthy
individuals because sufficient numbers of bacteria must
survive the stomach’s acidity and reach the small intestine to
cause disease. The infectious dose is considerably smaller if
ingested with food. Once in the small intestine, the organism
attaches to the mucosal layer and secretes cholera toxin.
The toxin begins a cascade of reactions that ultimately alter
electrolyte levels and stimulate a vigorous outpouring of
fluids into the intestinal lumen. The result is the characteristic
“watery” or “secretory diarrhea,” which is frequently fatal
within a few hours. Because the infection is self-limiting,
fluid and electrolyte replacement is standard treatment.

Differential characteristics
V. cholerae is a motile, facultatively anaerobic, salt-tolerant,
Gram-negative straight or curved rod (Figures 12-69 and
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12-70). Diagnostic procedures include fecal leukocyte stain,
dark field or phase contrast microscopic examination of
fecal material, and stool culture. It can be further identified
using various ELISA (page 103) techniques to identify
cholera toxin.

Treatment
Administration of sulfamethoxazole with trimethoprim,
tetracycline, or doxycycline.

SECTION 12 � Bacterial Pathogens � 163

12-69 GRAM STAIN OF A VIBRIO CHOLERAE STOCK CULTURE
Note the slight curvature of the rods. Rods range in length from 2–4 µm.

12-70 VIBRIO CHOLERAE ON THIOSULFATE CITRATE BILE SALTS
SUCROSE (TCBS) AGAR TCBS Agar is a selective medium used for
isolation of V. cholerae and V. parahaemolyticus from clinical and
environmental specimens. Refer to Section 2 for more information on
TCBS Agar.

Yersinia pestis
Yersinia pestis (Class Gammaproteobacteria) has been
responsible for dozens of plague epidemics and pandemics
over the last several hundred years, one of which took the
lives of 25 million Europeans in the fourteenth century.
Existing on every continent except Australia, its habitat is
any of a variety of small animals, including rats, ground
squirrels, rabbits, mice, and prairie dogs. In urban outbreaks,
rats are the principal carriers. Y. pestis produces several
antiphagocytic factors that enable it to survive and multiply
both intracellularly and extracellularly. It also produces exo-
toxins and endotoxins which are believed to be responsible
for acute inflammation and necrosis. The organism is most
commonly transmitted by fleas, but can be inhaled as droplet
nuclei, resulting in pneumonic plague (with a nearly 100%
mortality). Fleas ingest the organism when feeding on in-
fected animal blood and pass it to another animal during a
subsequent blood meal. Y. pestis produces a coagulase that
clots the blood inside the flea’s stomach. When the flea
attempts to feed again, it regurgitates the coagulated material
and contaminated blood back into the bite wound. If the
bacteria are deposited directly into the bloodstream by the

flea (usually in children), septicemic plague is the likely
outcome. The most common form of the disease is bubonic
plague, characterized by severe inflammation and hemor-
rhagic necrosis of the inguinal or axillary lymph nodes
called “bubos.” This is an extremely serious disease with a
very high mortality rate (approaching 50%) when untreated.

Differential Characteristics
Y. pestis is a nonmotile, facultatively anaerobic, Gram-
negative rod or coccobacillus (Figures 12-71 and 12-72).
It forms an envelope (not a capsule) when grown at 37°C.
Y. pestis is negative for indole production and ornithine
decarboxylase. It does not ferment sucrose, rhamnose, or
cellobiose. Diagnostic procedures include aerobic and
anaerobic blood culture and appropriate-site aerobic culture.

Treatment
Administration of streptomycin, gentamicin, tetracycline,
doxycyline, or chloramphenicol.
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human pathogen and the infective agent of syphilis. It is
primarily a sexually transmitted disease (STD), however,
intravenous drug use has broadened the epidemic. Although
easily treated with penicillin, the number of congenital
syphilis cases (where the organism crosses the placenta and
infects the fetus) has also increased dramatically. The organ-
ism enters the body through mucous membranes, abrasions,
or fissures in the epithelia. Some of the organisms attach to
host epithelial cells and multiply, while others are carried to
lymph nodes where they enter the bloodstream and dissemi-
nate throughout the body. The disease develops in three
distinct stages: primary, secondary, and tertiary syphilis. Pri-
mary syphilis lasts about two to six weeks and is character-
ized by the formation of a local lesion called a “chancre.”
Hematogenic dissemination to all body regions (including
the CNS) takes place in this stage. An asymptomatic period
lasting up to six months follows. Secondary syphilis is char-
acterized by formation of lesions in the liver, lymph nodes,
muscles, and skin. A latent (asymptomatic) period follows
the secondary phase and lasts anywhere from five years
to several decades. Tertiary syphilis, the final stage of the
disease, is characterized by the destruction of neural and
cardiovascular tissue and the formation of tumors through-
out the body.

Differential Characteristics
T. pallidum is a motile, microaerophilic, Gram-negative
corkscrew-shaped rod (Figure 12-68). Initially, darkfield

microscopic examination of the patient’s sample is useful.
Following that, serological tests, such as immunofluorescence
and rapid plasma reagin tests (Figure 8-10), have proven to
be effective methods of determining the presence of T. palli-
dum. Biochemical tests are not done because the organism
does not grow well outside the host.

Treatment
Administration of penicillin G benzathine, penicillin G
procaine, or doxycycline.
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Treponema pallidum

Vibrio cholerae

12-68 SILVER STAIN OF TREPONEMA PALLIDUM (CENTER) IN
ANIMAL TISSUE This spirochete demonstrates “corkscrew motility” by
means of periplasmic flagella. Cells range in size from 0.2 µm wide by
5–15 µm long.

Vibrio cholerae (Class Gammaproteobacteria) strains are
typed according to their cell wall composition (O antigen).
Although there are 139 serotypes of this species, only two
(the O1 serogroup) have been responsible for the seven
cholera pandemics since 1817 including the current one.
The strains have been somewhat arbitrarily divided into the
O1 V. cholerae and the non-O1 V. cholerae to distinguish
the cholera-causing organisms from the rest. In 1992, how-
ever, a new strain appeared in Madras, India and quickly
spread throughout India, Bangladesh, and Southeast Asia.
This new strain, called serogroup O139, is believed by some
to be the etiologic agent of the eighth cholera pandemic.
Although immunity to O1 strains does not confer immunity
to O139, the diseases caused are indistinguishable. The
organism enters the body by the fecal-oral route, frequently
by way of undercooked contaminated seafood. A large

inoculum (1010 cells in water) is required to infect healthy
individuals because sufficient numbers of bacteria must
survive the stomach’s acidity and reach the small intestine to
cause disease. The infectious dose is considerably smaller if
ingested with food. Once in the small intestine, the organism
attaches to the mucosal layer and secretes cholera toxin.
The toxin begins a cascade of reactions that ultimately alter
electrolyte levels and stimulate a vigorous outpouring of
fluids into the intestinal lumen. The result is the characteristic
“watery” or “secretory diarrhea,” which is frequently fatal
within a few hours. Because the infection is self-limiting,
fluid and electrolyte replacement is standard treatment.

Differential characteristics
V. cholerae is a motile, facultatively anaerobic, salt-tolerant,
Gram-negative straight or curved rod (Figures 12-69 and
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12-70). Diagnostic procedures include fecal leukocyte stain,
dark field or phase contrast microscopic examination of
fecal material, and stool culture. It can be further identified
using various ELISA (page 103) techniques to identify
cholera toxin.

Treatment
Administration of sulfamethoxazole with trimethoprim,
tetracycline, or doxycycline.
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12-69 GRAM STAIN OF A VIBRIO CHOLERAE STOCK CULTURE
Note the slight curvature of the rods. Rods range in length from 2–4 µm.

12-70 VIBRIO CHOLERAE ON THIOSULFATE CITRATE BILE SALTS
SUCROSE (TCBS) AGAR TCBS Agar is a selective medium used for
isolation of V. cholerae and V. parahaemolyticus from clinical and
environmental specimens. Refer to Section 2 for more information on
TCBS Agar.

Yersinia pestis
Yersinia pestis (Class Gammaproteobacteria) has been
responsible for dozens of plague epidemics and pandemics
over the last several hundred years, one of which took the
lives of 25 million Europeans in the fourteenth century.
Existing on every continent except Australia, its habitat is
any of a variety of small animals, including rats, ground
squirrels, rabbits, mice, and prairie dogs. In urban outbreaks,
rats are the principal carriers. Y. pestis produces several
antiphagocytic factors that enable it to survive and multiply
both intracellularly and extracellularly. It also produces exo-
toxins and endotoxins which are believed to be responsible
for acute inflammation and necrosis. The organism is most
commonly transmitted by fleas, but can be inhaled as droplet
nuclei, resulting in pneumonic plague (with a nearly 100%
mortality). Fleas ingest the organism when feeding on in-
fected animal blood and pass it to another animal during a
subsequent blood meal. Y. pestis produces a coagulase that
clots the blood inside the flea’s stomach. When the flea
attempts to feed again, it regurgitates the coagulated material
and contaminated blood back into the bite wound. If the
bacteria are deposited directly into the bloodstream by the

flea (usually in children), septicemic plague is the likely
outcome. The most common form of the disease is bubonic
plague, characterized by severe inflammation and hemor-
rhagic necrosis of the inguinal or axillary lymph nodes
called “bubos.” This is an extremely serious disease with a
very high mortality rate (approaching 50%) when untreated.

Differential Characteristics
Y. pestis is a nonmotile, facultatively anaerobic, Gram-
negative rod or coccobacillus (Figures 12-71 and 12-72).
It forms an envelope (not a capsule) when grown at 37°C.
Y. pestis is negative for indole production and ornithine
decarboxylase. It does not ferment sucrose, rhamnose, or
cellobiose. Diagnostic procedures include aerobic and
anaerobic blood culture and appropriate-site aerobic culture.

Treatment
Administration of streptomycin, gentamicin, tetracycline,
doxycyline, or chloramphenicol.
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Treponema pallidum (Phylum Spirochaetes) is an exclusively
human pathogen and the infective agent of syphilis. It is
primarily a sexually transmitted disease (STD), however,
intravenous drug use has broadened the epidemic. Although
easily treated with penicillin, the number of congenital
syphilis cases (where the organism crosses the placenta and
infects the fetus) has also increased dramatically. The organ-
ism enters the body through mucous membranes, abrasions,
or fissures in the epithelia. Some of the organisms attach to
host epithelial cells and multiply, while others are carried to
lymph nodes where they enter the bloodstream and dissemi-
nate throughout the body. The disease develops in three
distinct stages: primary, secondary, and tertiary syphilis. Pri-
mary syphilis lasts about two to six weeks and is character-
ized by the formation of a local lesion called a “chancre.”
Hematogenic dissemination to all body regions (including
the CNS) takes place in this stage. An asymptomatic period
lasting up to six months follows. Secondary syphilis is char-
acterized by formation of lesions in the liver, lymph nodes,
muscles, and skin. A latent (asymptomatic) period follows
the secondary phase and lasts anywhere from five years
to several decades. Tertiary syphilis, the final stage of the
disease, is characterized by the destruction of neural and
cardiovascular tissue and the formation of tumors through-
out the body.

Differential Characteristics
T. pallidum is a motile, microaerophilic, Gram-negative
corkscrew-shaped rod (Figure 12-68). Initially, darkfield

microscopic examination of the patient’s sample is useful.
Following that, serological tests, such as immunofluorescence
and rapid plasma reagin tests (Figure 8-10), have proven to
be effective methods of determining the presence of T. palli-
dum. Biochemical tests are not done because the organism
does not grow well outside the host.

Treatment
Administration of penicillin G benzathine, penicillin G
procaine, or doxycycline.

162 � A Photographic Atlas for the Microbiology Laboratory

Treponema pallidum

Vibrio cholerae

12-68 SILVER STAIN OF TREPONEMA PALLIDUM (CENTER) IN
ANIMAL TISSUE This spirochete demonstrates “corkscrew motility” by
means of periplasmic flagella. Cells range in size from 0.2 µm wide by
5–15 µm long.

Vibrio cholerae (Class Gammaproteobacteria) strains are
typed according to their cell wall composition (O antigen).
Although there are 139 serotypes of this species, only two
(the O1 serogroup) have been responsible for the seven
cholera pandemics since 1817 including the current one.
The strains have been somewhat arbitrarily divided into the
O1 V. cholerae and the non-O1 V. cholerae to distinguish
the cholera-causing organisms from the rest. In 1992, how-
ever, a new strain appeared in Madras, India and quickly
spread throughout India, Bangladesh, and Southeast Asia.
This new strain, called serogroup O139, is believed by some
to be the etiologic agent of the eighth cholera pandemic.
Although immunity to O1 strains does not confer immunity
to O139, the diseases caused are indistinguishable. The
organism enters the body by the fecal-oral route, frequently
by way of undercooked contaminated seafood. A large

inoculum (1010 cells in water) is required to infect healthy
individuals because sufficient numbers of bacteria must
survive the stomach’s acidity and reach the small intestine to
cause disease. The infectious dose is considerably smaller if
ingested with food. Once in the small intestine, the organism
attaches to the mucosal layer and secretes cholera toxin.
The toxin begins a cascade of reactions that ultimately alter
electrolyte levels and stimulate a vigorous outpouring of
fluids into the intestinal lumen. The result is the characteristic
“watery” or “secretory diarrhea,” which is frequently fatal
within a few hours. Because the infection is self-limiting,
fluid and electrolyte replacement is standard treatment.

Differential characteristics
V. cholerae is a motile, facultatively anaerobic, salt-tolerant,
Gram-negative straight or curved rod (Figures 12-69 and
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12-70). Diagnostic procedures include fecal leukocyte stain,
dark field or phase contrast microscopic examination of
fecal material, and stool culture. It can be further identified
using various ELISA (page 103) techniques to identify
cholera toxin.

Treatment
Administration of sulfamethoxazole with trimethoprim,
tetracycline, or doxycycline.
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12-69 GRAM STAIN OF A VIBRIO CHOLERAE STOCK CULTURE
Note the slight curvature of the rods. Rods range in length from 2–4 µm.

12-70 VIBRIO CHOLERAE ON THIOSULFATE CITRATE BILE SALTS
SUCROSE (TCBS) AGAR TCBS Agar is a selective medium used for
isolation of V. cholerae and V. parahaemolyticus from clinical and
environmental specimens. Refer to Section 2 for more information on
TCBS Agar.

Yersinia pestis
Yersinia pestis (Class Gammaproteobacteria) has been
responsible for dozens of plague epidemics and pandemics
over the last several hundred years, one of which took the
lives of 25 million Europeans in the fourteenth century.
Existing on every continent except Australia, its habitat is
any of a variety of small animals, including rats, ground
squirrels, rabbits, mice, and prairie dogs. In urban outbreaks,
rats are the principal carriers. Y. pestis produces several
antiphagocytic factors that enable it to survive and multiply
both intracellularly and extracellularly. It also produces exo-
toxins and endotoxins which are believed to be responsible
for acute inflammation and necrosis. The organism is most
commonly transmitted by fleas, but can be inhaled as droplet
nuclei, resulting in pneumonic plague (with a nearly 100%
mortality). Fleas ingest the organism when feeding on in-
fected animal blood and pass it to another animal during a
subsequent blood meal. Y. pestis produces a coagulase that
clots the blood inside the flea’s stomach. When the flea
attempts to feed again, it regurgitates the coagulated material
and contaminated blood back into the bite wound. If the
bacteria are deposited directly into the bloodstream by the

flea (usually in children), septicemic plague is the likely
outcome. The most common form of the disease is bubonic
plague, characterized by severe inflammation and hemor-
rhagic necrosis of the inguinal or axillary lymph nodes
called “bubos.” This is an extremely serious disease with a
very high mortality rate (approaching 50%) when untreated.

Differential Characteristics
Y. pestis is a nonmotile, facultatively anaerobic, Gram-
negative rod or coccobacillus (Figures 12-71 and 12-72).
It forms an envelope (not a capsule) when grown at 37°C.
Y. pestis is negative for indole production and ornithine
decarboxylase. It does not ferment sucrose, rhamnose, or
cellobiose. Diagnostic procedures include aerobic and
anaerobic blood culture and appropriate-site aerobic culture.

Treatment
Administration of streptomycin, gentamicin, tetracycline,
doxycyline, or chloramphenicol.
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Treponema pallidum (Phylum Spirochaetes) is an exclusively
human pathogen and the infective agent of syphilis. It is
primarily a sexually transmitted disease (STD), however,
intravenous drug use has broadened the epidemic. Although
easily treated with penicillin, the number of congenital
syphilis cases (where the organism crosses the placenta and
infects the fetus) has also increased dramatically. The organ-
ism enters the body through mucous membranes, abrasions,
or fissures in the epithelia. Some of the organisms attach to
host epithelial cells and multiply, while others are carried to
lymph nodes where they enter the bloodstream and dissemi-
nate throughout the body. The disease develops in three
distinct stages: primary, secondary, and tertiary syphilis. Pri-
mary syphilis lasts about two to six weeks and is character-
ized by the formation of a local lesion called a “chancre.”
Hematogenic dissemination to all body regions (including
the CNS) takes place in this stage. An asymptomatic period
lasting up to six months follows. Secondary syphilis is char-
acterized by formation of lesions in the liver, lymph nodes,
muscles, and skin. A latent (asymptomatic) period follows
the secondary phase and lasts anywhere from five years
to several decades. Tertiary syphilis, the final stage of the
disease, is characterized by the destruction of neural and
cardiovascular tissue and the formation of tumors through-
out the body.

Differential Characteristics
T. pallidum is a motile, microaerophilic, Gram-negative
corkscrew-shaped rod (Figure 12-68). Initially, darkfield

microscopic examination of the patient’s sample is useful.
Following that, serological tests, such as immunofluorescence
and rapid plasma reagin tests (Figure 8-10), have proven to
be effective methods of determining the presence of T. palli-
dum. Biochemical tests are not done because the organism
does not grow well outside the host.

Treatment
Administration of penicillin G benzathine, penicillin G
procaine, or doxycycline.
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Vibrio cholerae

12-68 SILVER STAIN OF TREPONEMA PALLIDUM (CENTER) IN
ANIMAL TISSUE This spirochete demonstrates “corkscrew motility” by
means of periplasmic flagella. Cells range in size from 0.2 µm wide by
5–15 µm long.

Vibrio cholerae (Class Gammaproteobacteria) strains are
typed according to their cell wall composition (O antigen).
Although there are 139 serotypes of this species, only two
(the O1 serogroup) have been responsible for the seven
cholera pandemics since 1817 including the current one.
The strains have been somewhat arbitrarily divided into the
O1 V. cholerae and the non-O1 V. cholerae to distinguish
the cholera-causing organisms from the rest. In 1992, how-
ever, a new strain appeared in Madras, India and quickly
spread throughout India, Bangladesh, and Southeast Asia.
This new strain, called serogroup O139, is believed by some
to be the etiologic agent of the eighth cholera pandemic.
Although immunity to O1 strains does not confer immunity
to O139, the diseases caused are indistinguishable. The
organism enters the body by the fecal-oral route, frequently
by way of undercooked contaminated seafood. A large

inoculum (1010 cells in water) is required to infect healthy
individuals because sufficient numbers of bacteria must
survive the stomach’s acidity and reach the small intestine to
cause disease. The infectious dose is considerably smaller if
ingested with food. Once in the small intestine, the organism
attaches to the mucosal layer and secretes cholera toxin.
The toxin begins a cascade of reactions that ultimately alter
electrolyte levels and stimulate a vigorous outpouring of
fluids into the intestinal lumen. The result is the characteristic
“watery” or “secretory diarrhea,” which is frequently fatal
within a few hours. Because the infection is self-limiting,
fluid and electrolyte replacement is standard treatment.

Differential characteristics
V. cholerae is a motile, facultatively anaerobic, salt-tolerant,
Gram-negative straight or curved rod (Figures 12-69 and
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12-70). Diagnostic procedures include fecal leukocyte stain,
dark field or phase contrast microscopic examination of
fecal material, and stool culture. It can be further identified
using various ELISA (page 103) techniques to identify
cholera toxin.

Treatment
Administration of sulfamethoxazole with trimethoprim,
tetracycline, or doxycycline.
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12-69 GRAM STAIN OF A VIBRIO CHOLERAE STOCK CULTURE
Note the slight curvature of the rods. Rods range in length from 2–4 µm.

12-70 VIBRIO CHOLERAE ON THIOSULFATE CITRATE BILE SALTS
SUCROSE (TCBS) AGAR TCBS Agar is a selective medium used for
isolation of V. cholerae and V. parahaemolyticus from clinical and
environmental specimens. Refer to Section 2 for more information on
TCBS Agar.

Yersinia pestis
Yersinia pestis (Class Gammaproteobacteria) has been
responsible for dozens of plague epidemics and pandemics
over the last several hundred years, one of which took the
lives of 25 million Europeans in the fourteenth century.
Existing on every continent except Australia, its habitat is
any of a variety of small animals, including rats, ground
squirrels, rabbits, mice, and prairie dogs. In urban outbreaks,
rats are the principal carriers. Y. pestis produces several
antiphagocytic factors that enable it to survive and multiply
both intracellularly and extracellularly. It also produces exo-
toxins and endotoxins which are believed to be responsible
for acute inflammation and necrosis. The organism is most
commonly transmitted by fleas, but can be inhaled as droplet
nuclei, resulting in pneumonic plague (with a nearly 100%
mortality). Fleas ingest the organism when feeding on in-
fected animal blood and pass it to another animal during a
subsequent blood meal. Y. pestis produces a coagulase that
clots the blood inside the flea’s stomach. When the flea
attempts to feed again, it regurgitates the coagulated material
and contaminated blood back into the bite wound. If the
bacteria are deposited directly into the bloodstream by the

flea (usually in children), septicemic plague is the likely
outcome. The most common form of the disease is bubonic
plague, characterized by severe inflammation and hemor-
rhagic necrosis of the inguinal or axillary lymph nodes
called “bubos.” This is an extremely serious disease with a
very high mortality rate (approaching 50%) when untreated.

Differential Characteristics
Y. pestis is a nonmotile, facultatively anaerobic, Gram-
negative rod or coccobacillus (Figures 12-71 and 12-72).
It forms an envelope (not a capsule) when grown at 37°C.
Y. pestis is negative for indole production and ornithine
decarboxylase. It does not ferment sucrose, rhamnose, or
cellobiose. Diagnostic procedures include aerobic and
anaerobic blood culture and appropriate-site aerobic culture.

Treatment
Administration of streptomycin, gentamicin, tetracycline,
doxycyline, or chloramphenicol.
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164 � A Photographic Atlas for the Microbiology Laboratory

12-72 YERSINIA PESTIS ON SHEEP BLOOD AGAR Note the charac-
teristic “fried egg” appearance.

Photo by Larry Stauffer, Oregon State Public Health Laboratory.
(Courtesy of CDC Public Health Image Library)

12-71 GRAM STAIN OF A YERSINIA PESTIS STOCK CULTURE This
organism is typically seen as straight rods or coccobacilli ranging in size
from 0.5–0.8 µm wide by 1–3 µm long.
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60 MI C R O B I O L O G Y:  LA B O R A T O R Y TH E O R Y A N D AP P L I C A T I O N

Control of Pathogens: Physical and Chemical Methods

Every patient in a hospital or other clinical setting has the right to expect that he or she will not  contract
a disease or infection while in that institution’s care. Every person donating blood at a blood bank or

mobile center has the right to expect that all materials and surfaces they come in contact with will be free
of pathogens. Workers in health clinics, hospitals,  medical laboratories, and public health laboratories
have the right to  assume that  reasonable precautions have been and are being taken to protect their
safety while in the workplace. 

These are only a few of the many reasons why the importance of understanding and use of pathogen
control systems cannot be overemphasized. Fortunately, with relatively few exceptions, the above-
 described conditions exist in this and other developed countries largely because of the dedication of
 thousands of employees and the oversight of dozens of international, governmental, and private organiza-
tions such as the World Health Organization (WHO), Centers For Disease Control and Prevention (CDC),
Food and Drug Administration (FDA),  Environmental Protection Agency (EPA), American Public Health
 Association (APHA), and Association of  Official Analytical Chemists (AOAC). These and many other federal
and private organizations are responsible for the proper testing, registration, and classification of the
 substances or systems used to prevent the spread of pathogens. 

These substances or systems, both chemical and physical, are referred to broadly as germicides.
Some  germicides are specific in nature and typically include the name of the target pathogen, such as
“tuberculocide,”  “virucide,” or “sporocide.” Most germicides are broad-spectrum and, thus, target a 
wide variety of pathogens. Although some overlap occurs, germicidal systems fall into three categories:
decontamination, disinfection, or sterilization. 

1. Decontamination is the lowest level of control and is defined as “reduction of pathogenic  micro -
 organisms to a level at which items are safe to handle without protective attire.” Decontamination
 usually includes physical cleaning with soaps or detergents, and removal of all (ideally) or most  organic
and  inorganic  material. Proper cleaning of all instruments and surfaces is considered the critical first
step  toward  dis infection or sterilization because, to be fully effective, a disinfectant or sterilant must
come in direct contact with all pathogens present. Materials left to dry on a surface or apparatus can
actually shield pathogens from a disinfecting or sterilizing agent or otherwise neutralize it.

2. Disinfection is the next level of control and is divided into three sublevels—low, medium, and high—
based on  effectiveness against specific control pathogens or their surrogates. All sublevels kill large
numbers, if not all, of the targeted pathogens but typically do not kill large numbers of spores. Some
high-level disinfectants are called chemical sterilants because they have the ability to kill all vegetative
cells and spores. 

Disinfectants typically are liquid chemical agents but can also be solid or gaseous. Other dis infec-
tion methods include dry heat, moist heat, and ultraviolet light. Disinfectants that are designed to
 reduce or  eliminate pathogens on or in living tissue are called antiseptics. For obvious safety  reasons,
antiseptics are subject to additional testing to minimize the risks of side-effects. Some antiseptics are
considered drugs and, therefore, are regulated by the FDA.

3. Sterilization is the complete elimination of viable organisms including spores and, as such, is the
 highest level of pathogen control. Sterilization can be achieved by some chemicals, some gases,
 incineration, dry heat, moist heat, ethylene oxide gas, ionizing radiation (Gamma, X-ray, and electron-
beam), low-temperature plasma (utilizing a combination of chemical sterilants and ultraviolet radiation
in a vacuum chamber), or low-temperature ozone (utilizing  bottled oxygen, water, and electricity in a
chamber to produce a lethal level of ozone).

In this unit you will examine both physical and chemical means of pathogen control. The following
 exercises illustrate the germicidal  effects of UV radiation, disinfection, antisepsis, and steam (moist 
heat) sterilization. (For more information on microbial control, refer to Exercise 1-1 GloGerm, and to
 Exercise 7-3 Antimicrobial Susceptibility Test.) �
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77 Theory
Chemical germicides are substances designed to reduce the 
number of pathogens on a surface, in a liquid, or on or 
in living tissue. Germicides designed for use on surfaces 
(floors, tables, sinks, countertops, surgical instruments, etc.) 
or in liquids are called disinfectants. Germicides designed 
for use on or in living tissue are called antiseptics. 

Before a new substance can be registered by either the 
FDA or EPA and allowed on the market, it must be tested 
and classified according to its effectiveness against patho-
gens. The Use-Dilution Test, published by the Association 
of Official Analytical Chemists (AOAC), is one of many 
commonly used tests for this purpose. 

The Use-Dilution Test is a standard procedure used  
to measure the effectiveness of disinfectants specifically 
against Staphylococcus aureus, Salmonella enterica se-
rovar Choleraesuis, and Pseudomonas aeruginosa. In the 
standard procedure, glass beads or stainless steel cylinders 
coated with living bacteria are exposed to varying con-
centrations (dilutions) of test germicides then transferred 
to a growth medium. After a period of incubation, the 
medium is examined for growth. If a solution is sufficient 
to prevent microbial growth at least 95% of the time, it 
meets the required standards and is considered a usable 
dilution of that germicide for a specific application. Today’s 
exercise is an adaptation of this method.

77 Application
This procedure is used to test the effectiveness of germicides 
against Salmonella spp., Staphylococcus aureus, and 
Pseudomonas aeruginosa. 

77 In This Exercise
Today you will examine the effectiveness of four germi-
cides—two common household disinfectants and two 
over-the-counter antiseptics. The disinfectants selected 
for the exercise are household bleach and Lysol® Brand 
II Disinfectant. The antiseptics are hydrogen peroxide and 
isopropyl alcohol. The organisms used for the test are 
Staphylococcus epidermidis and Escherichia coli. (The 
usual test organisms are BSL-2 and we can demonstrate 
the protocol without using them.)

You will first coat the beads with bacteria, expose 
them to three concentrations of your assigned germicide, 
and then use them to inoculate sterile nutrient broth. If,

during exposure to the germicide, all of the bacteria on the 
bead are killed the broth inoculated with that bead will 
remain clear. If any of the bacteria survive the germicide 
exposure, they will reproduce during incubation and make 
the broth turbid. With these results, you will determine 
the effective concentration (dilution) of your germicide. 

The tasks for the exercise are divided among eight 
groups of students (or a convenient number for your lab 
size). Each group will be responsible for one organism 
and three dilutions of one germicide. Refer to Table 2-4 
for your assignments.

Finally, this is an interesting exercise with moderate 
amount of work involved. If you do not hurry and are 
careful to use aseptic technique, you will be rewarded 
with reliable data at the end.

table 2-4 Group Assignments

Germicide
Staphylococcus 

epidermidis
Escherichia  

coli

Bleach Group 1 Group 2

Lysol® Group 3 Group 4

Hydrogen peroxide Group 5 Group 6

Isopropyl alcohol Group 7 Group 8

✓✓ Materials
Per Class (see Table 2-4)
Disinfectants 
7▫ 0.01%, 0.1%, and 1% household bleach

7▫ 25%, 50%, and 100% Lysol® Brand II Disinfectant

Antiseptics 
7▫ 0.03%, 0.3%, and 3% hydrogen peroxide (3% is full 
strength as purchased at the pharmacy)

7▫ 10%, 30%, and 50% isopropyl alcohol (70% is full 
strength as purchased at the pharmacy)

Per Student Group
7▫ 100 mL flask of sterile deionized water 

7▫ Three concentrations of one germicide (listed above)

7▫ Five sterile 60 mm Petri dishes

7▫ One sterile glass 100 mm Petri dish containing filter or 
bibulous paper

Chemical Germicides: 
Disinfectants and Antiseptics

exercise

2-14
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7▫ One container of sterile ceramic or glass beads1

7▫ Sterile transfer pipette

7▫ Seven sterile nutrient broth tubes 

7▫ Needle-nose forceps (or appropriate device for 
aseptically picking up beads) 

7▫ Small beaker with alcohol (for flaming forceps)

7▫ Fresh broth cultures of (one per group):
7▪ Escherichia coli
7▪ Staphylococcus epidermidis

✓Procedure2

Timing is important in this procedure. Read through it 
and make a plan before you begin so your transfers and 
soaking times are done uniformly and are consistent 
with those of other groups. 

Lab One
 1 Enter the name of your organism here:

 . 

 2 Enter the name of your germicide here: 

 . 

 3 Obtain all of the necessary items for your group as 
listed in Materials. 

 4 Place the materials properly on your workspace as 
shown in Figure 2.54. Label all seven broths with 
your group name or number. Label three of the 
broths “Broths #1, #2, and #3” and label the last 
four broths “Controls #1, #2, #3, and #4” as shown 
in the diagram in Figure 2.54. 

 5 Label three of the 60 mm plates with the name and 
concentration of your germicide. Label the other 
two plates “#4 sterile water” and “#5 sterile water.”

 6 Add approximately 15 mL of each germicide 
concentration to its respective plate (Plates #1 
through #3). Add approximately 15 mL sterile 
water into Plates #4 and #5.

 7 Carefully mix your bacterial culture until uniform 
turbidity is achieved. Take care not to splash into 
the cap.

 8 Aseptically transfer one loopful of culture broth to 
Control #2.

 9 Alcohol-flame your forceps and aseptically drop six 
beads into the broth culture. (You will only use four 
beads; the other two are extras in case you drop 
one during the procedure.) Note: Store your forceps 
in the beaker of alcohol between transfers. When it 
is time to make a transfer, remove the forceps and 
burn off the alcohol, holding them away from the 
alcohol beaker while doing so. If the alcohol beaker 
catches on fire, smother the flame with the lid. 
When finished, return the forceps directly to the 
beaker without flaming.

10 After 1 minute, decant the broth into a beaker of 
disinfectant. Remove as much of the broth as 
possible without losing the beads in the 
disinfectant.

11 Dispense the beads onto the sterile filter paper. This 
can be done by tapping the mouth of the tube on 
the paper. If this doesn’t work, remove the beads 
with a sterile inoculating loop and flame it 
afterward

12 Using alcohol-flamed forceps spread the beads 
apart on the paper and allow them to dry. Do not 
roll them around because this may remove bacteria.

13 After 10 minutes, place one bead in each of the 
three germicide plates using alcohol-flamed forceps. 
Mark the time here: 

 . 

14 With alcohol-flamed forceps, place the fourth bead 
in plate #4 (sterile water).

15 With alcohol-flamed forceps, place a sterile bead in 
plate #5 (sterile water).

16 After 10 minutes from the time marked in step 13, 
remove the beads from the solutions, in the same 
order as they were added, and place them in their 
respective nutrient broths. Carefully mix the broths 
immediately to disperse any residual disinfectant on 
the beads. Do not splash the broth into the cap.

17 Incubate all seven broths at 3552°C for 48 hours.

1 Sterilized #8 seed beads from a craft store will work for this purpose.

2 This procedure has been modified from its original form and is to be 
used for instructional purposes only.
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Lab Two 
 1 Remove all broth tubes from the incubator. Gently 

mix the controls and examine them for evidence of 
growth. Enter your results on the data sheet, page 
139. Control #1 should have no growth and 
Control #2 should show turbidity. If both of these 
conditions have been met, you may proceed. If not, 
see your instructor.

 2 Using Controls #1 and #2 as comparisons, examine 
broths containing beads exposed to germicide 
(broths #1, #2, and #3). Using “G” to indicate 
growth and “NG” to indicate no growth; enter 
your results in both the individual data table and 
the class data table on the data sheet.

 3 Again using Controls #1 and #2 as comparisons, 
examine Controls #3 and #4. Using “G” to indicate 
growth and “NG” to indicate no growth; enter 
your results on the data sheet. 

 4 Answer the questions on the data sheet.
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Disinfectant
 (for broth disposal)

Fifth (sterile) bead

Broth
#1

Control
#1

Dilution
#1

Dilution
#2Sterile 100mm petri

dish with filter paper

Dilution
#3

Plate #4
Sterile water

Plate #5
Sterile water

Broth
#2

Original
culture

(mix well)

OC OC

Broth
#3

Control
#2

Control
#3

Control
#4

3. Mix your original culture (labeled “OC” 
    in the diagram at the lower left) until it 
    is uniformly turbid. Then, transfer 
    one loopful to control tube #2 
    (shown at the far right).  

4. Using alcohol-flamed forceps,
    add four sterile beads to the
    original culture and let them soak
    for one minute.

5. After one minute  
    of soaking, decant
    the nutrient broth
    into a beaker of
    disinfectant.

6. Using alcohol-flamed forceps, 
    transfer the beads to the filter 
    paper inside the 100 mm Petri 
    dish to dry.

8. After ten minutes     
    from the recorded
    time, transfer the 
    beads to their 
    respective sterile 
    broths.

9. Incubate all 
    broths at 35oC 
    for 48 hours.

7a. When dry, transfer
      three beads to the       
      three 60 mm Petri 
      plates containing 
      diluted germicide. 
      Record the time.

7b. Then, transfer
      the fourth bead
      to a 60 mm plate
      containing sterile
      water.

7c. Lastly, transfer a sterile 
      bead to the other
      60 mm Petri plate 
      containing sterile 
      water.

2. Label one uninoculated NB tube “Control #1” and set it aside. 
    (It is shown at the top right of this diagram).

1. Please read the caption for general instructions and advice.

References
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2.54 Procedural Diagram for Chemical Germicides77
At first glance, this procedural diagram looks pretty imposing. 
Read it from left to right and follow the steps in sequence. 
With a little preparation and familiarity, it really isn’t very 
complex.
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Name  

Date  

Lab Section  

I was present and performed this exercise (initials)  

Chemical Germicides: Disinfectants and Antiseptics
observations and interpretations

 1 Enter your individual data in the tables below.

Controls
Growth (G)  

or No Growth (NG)

#1

#2

#3

#4

 2 Enter the class data in the table below. Use “G” for “Growth” and “NG” for “No Growth.”

Organism Household Bleach Hydrogen Peroxide
Lysol® Brand II 

Disinfectant Isopropyl Alcohol

0.01% 0.1% 1% 0.03% 0.3% 3% 25% 50% 100% 10% 30% 50%

S. epidermidis

E. coli

questions
 1 Compare your results with the class data.

a. Which germicide was most effective and at what concentration? Defend your choice.

 

 

 

 

 

Germicide/
Concentration

Growth (G)  
or No Growth (NG)

/

/

/

DATA 
SHEET
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b. Which was least effective? Defend your choice.

 

 

 

 

 

 2 Which organism seemed to be most resistant to the germicides?

 

 

 

 

 3 Consider the controls.

a. Control #1: Was this a positive or a negative control? What purpose did it serve in the experiment?

 

 

 

b. Control #2: Was this a positive or a negative control? What purpose did it serve in the experiment?

 

 

 

c. Control #3: Was this a positive or a negative control? What purpose did it serve in the experiment?

 

 

 

d. Control #4: Was this a positive or a negative control? What purpose did it serve in the experiment?

 

 

 

2
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 7 Theory
Bright-field microscopy produces an image made from 
light that is transmitted through a specimen (Fig. 3.2A). 
The specimen restricts light transmission and appears 
“shadowy” against a bright background (where light enters 
the microscope unimpeded). Because most biological 
specimens are transparent, the contrast between the 
specimen and the background can be improved with  
the application of stains to the specimen (Exercises 3-5 
through 3-11 and 3-13). The “price” of the improved 
contrast is that the staining process usually kills cells. 
This is especially true of bacterial-staining protocols.

Image formation begins with light coming from an 
internal or an external light source (Fig. 3.3). It passes 
through the condenser lens, which concentrates the light 
and makes illumination of the specimen more uniform. 
Refraction (bending) of light as it passes through the  
objective lens from the specimen produces a magnified 
real image. This image is magnified again as it passes 
through the ocular lens to produce a virtual image that 

appears below or within the microscope. The amount of 
magnification that each lens produces is marked on the lens 
(Figs. 3.4A and 3.4B). Total magnification of the specimen 
can be calculated by using the following formula:

Total Magnification by the Magnification by the 
Magnification 

4
  Objective Lens 

2
 Ocular Lens

The practical limit to magnification with a light  
microscope is around 13002. Although higher magnifi-
cations are possible, image clarity is more difficult to 
maintain as the magnification increases. Clarity of an 
image is called resolution (Fig. 3.5). The limit of resolution 
(or resolving power) is an actual measurement of how far 
apart two points must be for the microscope to view them 
as being separate. Notice that resolution improves as the 
limit of resolution is made smaller.

The best limit of resolution achieved by a light mi-
croscope is about 0.2 µm. (That is, at its absolute best, a 
light microscope cannot distinguish between two points 

Introduction to  
the Light Microscope

exercise

3-1

3.2 Types of Light Microscopy  (A) This is a bright-field  
micrograph of an amoeba (called a “whole mount”). Because of its 
thickness, the entire organism is not in focus at once. Continually  
adjusting the fine focus to clearly observe different levels of the  
organism will give a sense of its three-dimensional structure. The  
nucleus (N) is obvious, as are the numerous cyanobacteria (C), both 
inside and outside the amoeba! Other granular material also is seen 
in the cytoplasm but notice its different texture toward the periphery. 
(B) This is a dark-field micrograph of the same amoeba. Notice the 
more three-dimensional image and that the peripheral cytoplasm is 
barely visible. (C) This is a phase contrast image of the same amoeba. 
Different parts of the interior and its detail are visible than what is seen 
in the other two micrographs. (D) This is a fluorescence micrograph 
of Mycobacterium kansasii. The apple green is one of the characteristic 
colors of fluorescence microscopy.

A B C

D

3
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Arm

Revolving
nosepiece

Objective
lenses

Stage clip

Stage

Iris
diaphragm

Condenser

Lamp

Base

Ocular lenses

On/off switch

Light-
intensity knob

Coarse-
focus knob

Mechanical stage 
adjustment knobs

Fine- 
focus knob

3.1 Binocular Compound Microscope  A quality microscope is an essential tool for microbiologists. Most 
are assembled with exchangeable component parts and can be customized to suit the user’s specific needs.

Photograph courtesy of Olympus America Inc.
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Ocular Lens

Observer's 
eye

Real image
(formed by objective lens)

Objective lens

Specimen

Condenser

Virtual image
(formed by ocular lens)

Light

closer together than 0.2 µm.) For a specific microscope, 
the actual limit of resolution can be calculated using the 
following formula:

	 l
 D 4  
 NAcondenser ` NAobjective

where D is the minimum distance at which two points 
can be resolved, l is the wavelength of light used, and 
NAcondenser and NAobjective are the numerical apertures  
of the condenser lens and objective lens, respectively.  
Because numerical aperture has no units, the units for D 

are the same as the units for wavelength, which typically 
are in nanometers (nm).

Numerical aperture is the measure of a lens’s ability to 
“capture” light coming from the specimen and use it to 
make the image. As with magnification, it is marked on 
the lens (Figs. 3.4A, 3.4B, and 3.4D). Using immersion oil 
between the specimen and the oil-immersion lens increases 
its numerical aperture and, in turn, makes its limit of 
resolution smaller. (If necessary, oil also may be placed 
between the condenser lens and the slide.) The result is 
better resolution.

A B C D

3.3 Image Production in a Compound Light Microscope  Light from  
the source is focused on the specimen by the condenser lens. It then enters the 
objective lens, where it is used to produce a magnified real image. The real image 
is magnified again by the ocular lens to produce a virtual image that is seen by the 
eye as being below or within the microscope. (After Chan, et al., 1986)

3.4 Markings of Magnification and Numerical Aperture on Microscope Components  (A) Three plan apochromatic objective lenses 
on the nosepiece of a light microscope. Plan means the lens produces a flat field of view. Apochromatic lenses are made in such a way that 
chromatic aberration is reduced to a minimum. From left to right, the lenses magnify 102, 202, and 402, and have numerical apertures of 
0.40, 0.70, and 0.85. The 202 lens has other markings on it. The mechanical tube length is the distance from the nosepiece to the ocular and 
has become standardized at 160 mm. However, this 202 lens has been corrected so the light rays are made parallel, effectively creating an 
infinitely long mechanical tube length (). This allows insertion of accessories into the light path without decreasing image quality. The thick-
ness of cover glass to be used is also given (0.1750.01 mm). Also notice the standard colored rings for each objective: yellow for 102, green 
for 202 (or 162), and light blue for 402 (or 502). (B) This is an oil-immersion lens. It is the only lens constructed in such a way as not to 
be damaged by oil and, as such, is the only one with which oil is to be used. Oil lenses are indicated by black and white rings. This particular 
lens is also constructed for phase contrast microscopy. It indicates it is to be used with the #3 setting on the phase condenser. (C) A 102 
ocular lens. (D) A condenser (removed from the microscope) with a numerical aperture of 1.25. The lever at the right is used to open and 
close the iris diaphragm and adjust the amount of light entering the specimen.

3
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The light microscope may be modified to improve its 
ability to produce images with contrast without staining, 
which often distorts or kills the specimen. In dark-field 
microscopy (Fig. 3.2B), a special condenser is used so only 
the light reflected off the specimen enters the objective. 
The appearance is of a brightly lit specimen against a dark 
background, and often with better resolution than that of 
the bright-field microscope.

Phase contrast microscopy (Fig. 3.2C) uses special 
optical components to exploit subtle differences in the 
refractive indices of water and cytoplasmic components 
to produce contrast. Light waves that are in phase (that 
is, their peaks and valleys exactly coincide) reinforce one 
another, and their total intensity (because of the summed 
amplitudes) increases. Light waves that are out of phase 
by exactly one-half wavelength cancel each other and  
result in no intensity—that is, darkness. Wavelengths 
that are out of phase by any amount will produce some 
degree of cancellation and result in brightness that is less 
than maximum but more than darkness. Thus, contrast 
is provided by differences in light intensity that result from 
differences in refractive indices in parts of the specimen 
that put light waves more or less out of phase. As a result, 
the specimen appears as various levels of “darks” against 
a bright background.

Fluorescence microscopy (Fig. 3.2D) uses a fluorescent 
dye that emits fluorescence when illuminated with ultra-
violet radiation. In some cases, specimens possess naturally 
fluorescing chemicals and no dye is needed.

 7 Application
Light microscopy (used in conjunction with cytological 
stains) is used to identify microbes from patient specimens 
or the environment. It also may be used to visually examine 
a specimen for the presence of more than one type of bac-
teria, or for the presence of other cell types that indicate 
tissue inflammation or contamination by a patient’s cells.

 7 In This Exercise
Today you will become familiar with the operation and 
limitations of your light microscope. You also will examine 
two practice slides to learn about microscope functioning.

✓✓ Materials
 ▫ Compound light microscope

 ▫ Lens paper

 ▫ Non-sterile cotton swabs

 ▫ Lens-cleaning solution or 95% ethanol

 ▫ Letter “e” slide

 ▫ Colored-threads slide

 7 Instructions for Using the Microscope 
Proper use of the microscope is essential for your success in 
microbiology. Fortunately, with practice and by following 
a few simple guidelines, you can achieve satisfactory results 
quickly. Because student labs may be supplied with a vari-
ety of microscopes, your instructor may supplement the 
following procedures and guidelines with instructions 
specific to your equipment. Refer to Figure 3.1 as you 
read the following (if working independently), or follow 
along on your microscope as your instructor guides you. 
(Note: This is a thorough treatment of microscope use, 
and not all parts may be immediately relevant to your 
laboratory. Refer back to this exercise as necessary.) 

Transport
 1 Carry your microscope to your workstation using 

both hands—one hand grasping the microscope’s 
arm and the other supporting the microscope be-
neath its base.

 2 Gently place the microscope on the table.

Cleaning
 1 Lens paper is used for gently cleaning the condenser 

and objective lenses. Light wiping is usually enough. 
If that still doesn’t clean the lens, call your instructor.

 2 To clean an ocular, moisten a cotton swab with 
cleaning solution and gently wipe in a spiral motion 
starting at the center of the lens and working out-
ward. Follow with a dry swab in the same pattern.

3.5 Resolution and Limit of Resolution  The headlights of 
most automobiles are around 1.5 m apart. As you look at the cars in 
the foreground of the photo, it is easy to see both headlights as 
separate objects. The automobiles in the distance appear smaller 
(but really aren’t) as does the apparent distance between the head-
lights. When the apparent distance between automobile headlights 
reaches about 0.1 mm, they blur into one because that is the limit 
of resolution of the human eye.

3
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Basic Operation
 1 Raise the substage condenser to a couple of milli-

meters below its maximum position nearly even 
with the stage (be sure not to raise it too high if you 
have already placed a slide on the stage) and open 
the iris diaphragm.

 2 Plug in the microscope and turn on the lamp. Adjust 
the light intensity slowly to its maximum.

 3 Using the nosepiece ring, move the scanning objective 
(usually 42) or low-power objective (102) into 
position. Do not rotate the nosepiece by the objectives 
because this can damage the objective lenses and 
cause them to unscrew from the nosepiece.

 4 Place a slide on the stage in the mechanical slide 
holder and center the specimen over the opening in 
the stage.

 5 If using a binocular microscope, adjust the distance 
between the two oculars as you examine the specimen 
to match your own interpupillary distance. Position 
your eyes above the oculars so the images from the 
two oculars fuse into one.

 6 Adjust the iris diaphragm to produce optimum illu-
mination, contrast, and image. In the simplest sense, 
this means opening the iris diaphragm as you increase 
magnification because a smaller portion of the light 
beam is entering the lens. (More specifically, use the 
maximum light intensity combined with the smallest 
aperture in the iris diaphragm that produces optimum 
illumination. Remember: This is bright-field micros-
copy, so don’t close down the iris diaphragm too 
much unless necessary to see detail, as in unstained 
specimens.)

 7 Use the coarse-focus adjustment knob to bring the  
image into focus. (Note: For most microscopes, the 
distance from the nosepiece opening to the focal plane 
of each lens has been standardized at 45 mm. This 
makes the lenses parfocal and gives the user an idea of 
where to begin focusing.) Bring the image into sharp-
est focus using the fine-focus adjustment knob. Then 
observe the specimen with your eyes relaxed and 
slightly above the oculars to allow the images to fuse 
into one. If you are using a monocular microscope, 
keep both eyes open anyway to reduce eye fatigue.

 8 If you are using a binocular microscope, adjust the 
oculars’ focus to compensate for differences in visual 
acuity of your two eyes. Close the eye with the ad-
justable ocular and bring the image into focus with 
the coarse- and fine-focus knobs. Then, using only 
the eye with the adjustable ocular, focus the image 
using the ocular’s focus ring.

 9 Scan the specimen to locate a promising region to 
examine in more detail. (Note: If your microscope 
has a field diaphragm, now would be a good time to 
set it up for Köhler illumination, which is described 
on page 147.)

10 If you are observing a nonbacterial specimen, progress 
through the objectives until you see the degree of 
structural detail necessary for your purposes. You will 
have to adjust the fine focus (but not the coarse focus 
because the lenses are parfocal—all that should be 
necessary after changing lenses is a slight adjustment) 
and illumination for each objective. Before advancing 
to the next objective, be sure to position a desirable 
portion of the specimen in the center of the field or 
you will risk “losing” it at the higher magnification.

11 If you are working with a bacterial smear, you will 
have to use the oil-immersion lens.

12 Follow these instructions to use the oil-immersion 
lens.
▪ Work through the low (102), then high-dry (402) 

objectives, adjusting the fine focus and illumination 
for each. Before advancing to the next objective, be 
sure to position a desirable portion of the specimen 
in the center of the field or you risk “losing” it at 
the higher magnification.

▪ When the specimen is in focus under high dry, ro-
tate the nosepiece to a position midway between 
the high-dry and oil-immersion lenses. Then place 
a drop of immersion oil on the specimen. Be careful 
not to get any oil on the microscope or its lenses, 
and be sure to clean it up if you do. Rotate the oil 
lens so its tip is submerged in the oil drop, pass 
through it, and then return the oil lens into the oil. 
This minimizes the occurrence of air bubbles. 

▪ Note: Do not move the stage down to add oil to 
the slide or the specimen will no longer be in  
focus. On a properly adjusted microscope, the  
oil and the high-dry lenses have the same focal 
plane. Therefore, when a specimen is in focus on 
high dry, the oil lens, although longer, will also be 
in focus and won’t touch the slide when rotated 
into position.)

▪ Focus and adjust the illumination to maximize 
the image quality.

13 When you are finished, lower the stage (or raise the 
objective) and remove the slide. Dispose of the freshly 
prepared slides in a jar of disinfectant or a sharps 
container; return permanent slides to storage.
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 7 Köhler Illumination
Köhler illumination was developed in 1893 by August 
Köhler while he was a graduate student in invertebrate 
zoology. It produces uniform and high-quality illumination 
of the specimen, but it requires components not found on 
all microscopes. If your microscope has a field diaphragm 
(Fig. 3.6A), you will need to adjust it for Köhler illumina-
tion to get the best image your microscope can produce.

 1 Place a prepared slide, preferably a thin section of 
a specimen, but college microbiology labs may not 
have these readily available. For today’s lab, you may 
use the letter “e” slide or another slide provided by 
your instructor. We have used a blood smear slide for 
illustration. After this lab, you will mostly be exam-
ining bacterial smears and you can use them. The 
specimen and field condenser may not be in focus.

 2 Make sure the lamp is on. Open the field diaphragm 
to its maximum. Do the same with the iris diaphragm.

 3 Bring the specimen into focus at low (102) power 
(Fig. 3.6B). Adjust the light with the iris diaphragm 
if it is too bright.

 4 Completely close the field diaphragm so you can 
see its edges (Fig. 3.6C). Depending on how out of 
adjustment your microscope is, the edges of the 
field diaphragm may only be a dark, blurry shadow, 
as in the lower left of Figure 3.6C or you may not 
be able to see them all. If you can’t see the edges, 
you may need to raise the condenser (see step 5) 

 and/or center the condenser using the centering 
screws on it (see step 6).

 5 Adjust the height of the condenser until the edges 
of the field diaphragm come into focus (Fig. 3.6D). 
Should you see red and blue light fringes as you raise 
and lower the condenser, settle on the intermediate 
point between them. 

 6 Once the field diaphragm is in focus, you will need 
to center the condenser. Use the centering screws 
(Figs. 3.6E and 3.6F) located on the condenser to 
move it until the opening is nearly centered. Then, 
open the field diaphragm until it almost fills the 
field of view and do a final adjustment with the 
centering screws.

 7 Open the field diaphragm until it just disappears 
from the field of view (Fig. 3.6G).

 8 Adjust the light with the iris diaphragm so the  
specimen is optimally illuminated (Fig. 3.6H).

 9 You will need to make these adjustments for each 
objective lens. However, when examining bacterial 
smears you will be using the lower-power objectives 
only to focus and center the specimen; only the oil-
immersion lens will be used for serious examination. 
This means that once you set up the oil lens for 
Köhler illumination, you can leave it there. High-
quality illumination is not needed for the lower 
powers.

Köhler Illumination

Köhler illumination allows focusing of the light source on the specimen, which produces more 
uniform illumination. All photos in this sequence were shot with the same microscope light  
intensity. The only adjustments made are those written in the captions as part of the process. ◆

3.6F

3.6D

3.6a The Field Diaphragm  The field diaphragm is located 
in the microscope’s base. It can be adjusted by rotating the ring 
around the lamp (arrow).

3.6b Bring the Specimen into Focus  Notice the uneven  
illumination of this field. It is darker on the left than on the right, 
which means it needs adjusting. For perspective, the circled 
white blood cells are the ones seen in Figures 3.6D and 3.6F.

3

SECTION 3 Microscopy and Staining 147MICROBIOLOGY: Laboratory Theory & Application
110 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 161 111



3.6c Close the Field Diaphragm  Closing the field dia-
phragm has cut down the amount of light entering the objective 
lens, making the image dark. The actual light intensity setting on 
the microscope is the same in this micrograph as in all the others 
(except Fig. 3.6H).

3.6d Adjust the Condenser Height until the Edges of the 
Field Diaphragm are in Focus  What was barely visible in  
Figure 3.6C now is illuminated at the same level as in Figure 3.6B 
and is still in focus.

3.6f Center the Field Diaphragm  Notice that it is the 
lighted area that has moved, not the slide itself. Compare this 
lighted area with Figure 3.6B.

3.6g Open the Field Diaphragm until It Just Goes Out of 
View  Readjust the centering if it is a little off. 

3.6h Adjust the Light With the Iris Diaphragm  For 
bright-field microscopy, the background should be white, but not 
so bright as to lose detail. Note the more uniform illumination 
compared to Figure 3.6B.

3.6e Use the Condenser Centering Screws (Arrows) to 
Center the Light in the Field of View  This may take some 
practice, because they apply and release pressure on the con-
denser to move it in different directions.
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Storage
When you are finished for the day:

 1 Move the scanning objective into position.

 2 Center and lower the mechanical stage.

 3 Lower the light intensity to its minimum, and then 
turn off the light.

 4 Wrap the electrical cord according to your particular 
lab rules.

 5 Clean any oil off the lenses, stage, etc. Be sure to 
use only cotton swabs or lens paper for cleaning 
any of the optical surfaces of the microscope (see 
“Cleaning,” page 145).

 6 Return the microscope to its appropriate storage 
place.

✓Procedure
 1 Get out your microscope and record the magnifica-

tions and numerical aperture values in the chart on 
the data sheet, page 151.

 2 Clean your microscope lenses as outlined in  
“Instructions for Using the Microscope.”

 3 Plug in the microscope and position the scanning 
objective over the stage. Make condenser and lamp 
adjustments appropriate for scanning power.

 4 Pick up the letter “e” slide and examine it without the 
microscope. Record the orientation of the letter when 
the slide label is on the left. Sketch the orientation of 
the letter “e” on your data sheet.

 5 Place the slide on the stage in the same position as 
you examined it with your naked eyes. Now, center 
the “e” in the field and examine it with the scanning 
objective. After focusing, sketch the orientation of 
the letter “e” image as viewed with the microscope 
on your data sheet. (If your microscope has a field 
condenser, you should adjust it for Köhler illumina-
tion after focusing.)

 6 Now, move the stage to the right and record the  
direction the image moves.1

 7 Position the “e” in the center of the field again. Move 
the stage toward you and record on your data sheet 
the direction the image moves. Then remove the slide 
from the microscope.

 8 Examine the colored-threads slide without the  
microscope (Fig. 3.7). See if you can tell where in 
the stack of three threads each color resides. That is, 
is the red thread on the top, bottom, or middle? Do 
the same for the yellow and blue threads. Record 
your observations on the data sheet.

 9 Now, place the slide on the microscope and deter-
mine the order of the threads using the low- and 
high-power objectives. Record your observations 
on the data sheet.

References
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3.7 Challenge of the Threads  Even with the microscope, 
determining the order of threads from top to bottom is a challenge. 
This will require patience and use of the fine focus! Making it 
worse, not all the slides will be the same. Good luck!

1 If your microscope doesn’t have a mechanical stage, move the slide with 
your hands in the appropriate direction.
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Date  

Lab Section  

I was present and performed this exercise (initials)  

Introduction to the Light Microscope
data and calculations

 1 Record the relevant values off your microscope and perform the calculations of total magnification for each lens.

Lens  
System

Magnification of 
Objective Lens

Magnification of 
Ocular Lens

Total  
Magnification

Numerical  
Aperture

Calibration of  
Ocular Micrometer

Scanning

Low power

High dry

Oil  
immersion

Condenser  
lens NA NA NA NA

 2 Sketch your observations of the letter “e” slide in the table below. Be sure the slide is right side up with the label at the left.

Appearance of the “e”  
with the Naked Eye

Appearance of the “e”  
Under the Microscope

When the stage moves  
to the right, the image 

moves to the...

When the stage moves  
toward you, the image 

moves...

 3 Record your observations of the colored-threads slide below. Check it under low and high power and see if your answer changes.

Low power (usually the 102 objective)

Top:

Middle:

Bottom:

High power (usually the 402 objective)

Top:

Middle:

Bottom:

DATA 
SHEET
3-1
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questions
 1 Why aren’t the magnifications of both ocular lenses of a binocular microscope used to calculate total  

magnification?

 

 

 2 What is the total magnification for each lens setting on a microscope with 152 oculars and 42, 102, 452, 
and 972 objectives lenses?

 

 

 

 3 Assuming that all other variables remain constant, explain why light of shorter wavelengths will produce a 
clearer image than light of longer wavelengths.

 

 

 4 Why is wavelength the main limiting factor on limit of resolution in light microscopy?

 

 

 

 

 5 On a given microscope, the numerical apertures of the condenser and low-power objective lenses are 1.25 
and 0.25, respectively. You are supplied with a filter that selects a wavelength of 520 nm.

a. What is the limit of resolution on this microscope?

 

 

 

 

b. Will you be able to distinguish two points that are 300 nm apart as being separate, or will they blur into one?
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Date  

Lab Section  

I was present and performed this exercise (initials)  

 6 On the same microscope as in question 5, the high-dry objective lens has a numerical aperture of 0.85.

a. What is the limit of resolution on this microscope?

 

 

 

 

b. Will you be able to distinguish two points that are 300 nm apart as being separate, or will they blur into one?

 

 7 Calculate the limit of resolution for the oil lens of your microscope. Assume an average wavelength of 500 nm.

 

 

 

 

 8 Examine Figure 3.3 and explain the results you observed with the letter “e” slide.

 

 

 

 9 With which objective was it easier to determine the sequence of colored threads?

 

10 Why should closing the iris diaphragm improve your ability to determine thread order?

 

DATA 
SHEET

3-1
(continued)
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11 What does the colored-threads slide demonstrate about specimens you will be observing later in the class?
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Bacterial Structure and Simple Stains

Importance of Contrast
In Exercise 3-1 you were introduced to two of the three important features of a microscope and 
microscopy: magnification and resolution. A third feature is contrast. To be visible, the specimen 
must contrast with the background of the microscope field. Because cytoplasm is essentially 

transparent, viewing cells with the standard light microscope is difficult without stains to provide that contrast. In 
the upcoming exercises, you will learn how to correctly prepare a bacterial smear for staining and how to perform 
simple and negative stains. Details of cell structure (cell morphology, size, and arrangement) then may be seen more 
easily. In a medical laboratory these usually are determined with a Gram stain (Exercise 3-7), but you will be using 
simple stains as an introduction to the staining process, as well as an introduction to these cellular characteristics.

Bacterial Cell Morphologies
Bacterial cells are much smaller than eukaryotic cells (Fig. 3.12) and come in a variety of morphologies (shapes) 
and arrangements. Determining cell morphology is an important first step in identifying a bacterial species. Cells 
may be spheres (cocci, singular coccus), rods (bacilli, singular bacillus) or spirals (spirilla, singular spirillum). 
Variations of these shapes include slightly curved rods (vibrios), short rods (coccobacilli) and flexible spirals  
(spirochetes). Examples of cell morphologies are shown in Figures 3.67 through 3.74. In Figure 3.74, Corynebac-
terium xerosis illustrates pleomorphism. A variety of cell shapes—slender, ellipsoidal, or ovoid rods—may be 
seen in a given sample.

Bacterial Cell Arrangements
Cell arrangement, determined by the number of planes in which division occurs and whether the cells separate after 
division, is also useful in identifying bacteria (Table 3-4). Spirilla rarely are seen as anything other than single cells, 
but cocci and bacilli do form multicellular associations. Because cocci exhibit the most variety in arrangements, they 
are used for illustration in Figure 3.75. If the two daughter cells remain attached after a coccus divides, a diplococcus 
is formed. The same process happens in bacilli that produce diplobacilli. If the cells continue to divide in the same 
plane and remain attached, they exhibit a streptococcus or streptobacillus arrangement.

table 3-4 Cell Arrangements Found Associated with Different Cell Morphologies

Cell Arrangement Cell Morphologies with the Cell Arrangement

Single cells Cocci, bacilli, spirilla, spirochaetes, and vibrios

Pairs of cells (“diplo–”) Cocci and bacilli

Chains of cells (“strepto–”) Cocci and bacilli

Tetrads Cocci

Cube Cocci

Irregular cluster (“staphylo–”) Cocci

Palisade and angular Bacilli

If a second division occurs in a plane perpendicular to the first, a tetrad is formed. A third division plane  
perpendicular to the other two produces a cube-shaped arrangement of eight cells called a sarcina. Tetrads and 
sarcinae are seen only in cocci. If the division planes of a coccus are irregular, a cluster of cells is produced to 
form a staphylococcus. Figures 3.76 through 3.81 illustrate common cell arrangements.

Arrangement and morphology often are easier to see when the organisms are grown in a broth rather than a 
solid medium, or are observed from a direct smear. If you have difficulty identifying cell morphology or arrangement, 
consider transferring the organism to a broth culture and trying again.

One last bit of advice: Do not expect nature to conform perfectly to our categories of morphology and cell  
arrangement. These are convenient descriptive categories that will not be applied easily in all cases. When exam-
ining a slide, look for the most common morphology and most complex arrangement. Do not be afraid to report 
what you see. For instance, it is okay to say, “Cocci in singles, pairs, and chains.” 
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Surface Area and Volume of Cells
Cells are three-dimensional objects with a surface that contacts the environment and a volume made up of cytoplasm. 
The ability to transport nutrients into the cell and wastes out of the cell is proportional to the amount of surface area 
doing the transport. The demand for nutrients and production of wastes is proportional to a cell’s volume. It is a 
mathematical fact of life that as an object gets bigger, its volume increases more rapidly than its surface area. 
Therefore, a cell can achieve a size at which its surface area is not adequate to supply the nutrient needs of its  
cytoplasm. That is, its surface-to-volume ratio is too small. At this point, a cell usually divides its volume to in-
crease its surface area. This phenomenon is a major factor in limiting cell size and determining a cell’s habitat.

Bacilli, cocci, and spirilla with the same volume have different amounts of surface area. A sphere has a lower 
surface to volume ratio than a bacillus or spirillum of the same volume. A streptococcus, however, would have 
approximately the same surface to volume ratio as a bacillus of the same volume. ◆

3.67 Single Cocci from a Nasal Swab (Gram Stain)  This 
direct smear of a nasal swab illustrates unidentified cocci (dark circles) 
stained with crystal violet. Each cell is about 1 µm in diameter. The 
red-orange background material is mostly mucus.

3.68 Ovoid Cocci (Gram Stain)  Lactococcus lactis is an 
elongated coccus that a beginning microbiologist might confuse with 
a rod. Notice the slight elongation of the cells, and also that most cells 
are not more than twice as long as they are wide. L. lactis is found 
naturally in raw milk and milk products, but these cells were grown 
in culture. Cell dimensions are about 1 µm–2 µm long by 1 µm wide.

3.69 “Typical” Bacillus (Crystal Violet Stain)  Notice the 
variability in rod length (because of different ages of the cells) in 
this stain of the soil organism Bacillus subtilis grown in culture. Cell 
dimensions are 2 µm–3 µm long by 0.7 µm wide.

3.70 Long, Thin Bacillus (Phase Contrast Wet Mount)  
The cells of Aeromonas sobria, a freshwater organism, are consid-
erably longer than they are wide. These cells were grown in culture 
and their dimensions are 1 µm–3.5 µm long by 0.5 µm wide. Notice 
that a cell can be a bacillus without being in the genus Bacillus.

3

SECTION 3 Microscopy and StainingMICROBIOLOGY: Laboratory Theory & Application182
120 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 161 121



Diplococcus

Staphylococcus

Streptococcus

Tetrad

Sarcina

R
C

3.74 Bacterial Pleomorphism (Gram Stain)  Some bacterial 
species grow in a variety of shapes and are said to be pleomorphic. 
Notice that in this specimen the rods of Corynebacterium xerosis 
range from plump cocci (C) to short, slender rods (R). C. xerosis is a 
normal inhabitant of skin and mucous membranes and is generally  
not considered to be pathogenic.

3.75 Division Patterns Among 
Cocci  Diplococci have a single  
division plane and the cells generally  
occur in pairs. Streptococci also have  
a single division plane, but the cells  
remain attached to form chains of  
variable length. If there are two perpen-
dicular division planes, the cells form 
tetrads. Sarcinae have divided in three 
perpendicular planes to produce a  
regular cuboidal arrangement of cells. 
Staphylococci have divided in more 
than three planes to produce a charac-
teristic grapelike cluster of cells. (Note: 
Rarely will a sample be composed of 
just one arrangement. Report what you 
see, and emphasize the most complex 
arrangement.)

3.71 Two Different Spirilla (Phase Contrast Wet Mount)  
The two different spirilla are undoubtedly different species based 
on their different morphologies: one is long and slender with loose 
spirals, the other is shorter and fatter with tighter coils. Cell dimen-
sions are less than 1 µm wide and up to 35 µm long.

3.72 Spirochete (Bright-Field Wet Mount)  Spirochaetes 
are tightly coiled, flexible rods. This bright-field micrograph shows a 
marine species of Spirochaeta (arrow) Notice the bend in the center 
of the cell. Cell dimensions of the genus are 5 µm–500 µm long (!) 
by less than 1 µm wide.

3.73 Marine Vibrio (Gram Stain)  Slightly curved rods are 
demonstrated by this unidentified species isolated from a Southern 
California estuary. Notice that not all rods are curved. Cells are ap-
proximately 2 µm–3 µm long by 0.5 µm wide.
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3.76 Diplococcus Arrangement in Nasal Mucous (Gram 
Stain)  Most cells are in pairs, but a few are singles because 
they have yet to divide. Expect to see a mixture of cell arrangements 
representing stages before the “final” one.

3.77 Tetrad Arrangement (Gram Stain)  Micrococcus luteus 
grows in squared packets of cells, evident even when they are 
bunched together. This slide shows cells grown in culture, but  
M. luteus are normal inhabitants of mammalian skin and soil. Each 
cell is approximately 1 µm in diameter.

3.78 Streptococcus Arrangement (Gram Stain)   
As its name suggests, Streptococcus salivarius forms chains of 
spherical cells and it inhabits the oral cavity, but primarily the saliva 
and tongue. This specimen is from a broth culture (which enables 
the cells to form long chains) and was stained with crystal violet.  
Individual cells are approximately 1 µm in diameter.

3.79 Staphylococcus Arrangement (Gram Stain)   
Staphylococcus aureus cells grown in broth culture are shown. 
Note that the staphylococcal groups are rarely bigger than a dozen 
cells or so. Larger clusters are probably two or more groups that 
happen to be next to each other on the slide. This is especially 
problematic when making a preparation of cells grown on a solid 
medium. Be sure to emulsify them thoroughly to spread clusters 
out as much as possible. S. aureus is a common opportunistic 
pathogen of humans. Cells are approximately 1 µm in diameter.

3.81 Palisade and Angular Arrangements of Arthrobacter 
(Gram Stain)  Stacking of rod-shaped cells side-by-side is the pal-
isade arrangement (P). An angular arrangement (A) is when a pair of 
rods is bent where the cells join. Both arrangements are due to “snap-
ping division” in which the cells divide lengthwise and remain more or 
less attached. Corynebacterium also shows these arrangements.

3.80 Streptobacillus Arrangement (Crystal Violet Stain)  
Bacillus megaterium is a streptobacillus. These cells were obtained 
from culture and are 2 µm–5 µm long by 1.2 µm–1.5 µm wide.
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 7 Theory
Stains are solutions consisting of a solvent (usually water  
or ethanol) and a colored molecule (often a benzene deriva-
tive), the chromogen. The portion of the chromogen that 
gives it its color is the chromophore. A chromogen may 
have multiple chromophores, with each adding intensity to 
the color. The auxochrome is the charged portion of a 
chromogen and allows it to act as a dye through ionic or 
covalent bonds between the chromogen and the cell. Basic 
stains1 (where the auxochrome becomes positively charged 
as a result of picking up a hydrogen ion or losing a hydrox-
ide ion) are attracted to the negative charges on the surface 
of most bacterial cells. Thus, the cell becomes colored (Fig. 
3.82). Common basic stains include methylene blue, crystal 
violet, and safranin. Examples of basic stains may be seen 
in Figures 3.69, 3.80, and 3.83.

Basic stains are applied to bacterial smears that have 
been heat-fixed. Heat-fixing kills the bacteria, makes them 
adhere to the slide, and coagulates cytoplasmic proteins to 
make them more visible. It also distorts the cells to some 
extent.

 7 Application
Because cytoplasm is transparent, cells usually are stained 
with a colored dye to make them more visible under the 
microscope. Then cell morphology, size, and arrangement 
can be determined. In a medical laboratory, these are usu-
ally determined with a Gram stain (Exercise 3-7), but you 
will be using simple stains as an introduction to these.

 7 In This Exercise
Today you will learn how to prepare a bacterial emulsion 
(smear) and perform simple stains. Several different  
organisms will be supplied so you can begin to see the 
variety of cell morphologies and arrangements in the 
bacterial world. We suggest that you perform all the 
stains on one or two organisms (to get practice) and 
look at your lab partners’ stains to see the variety of cell 
types. Be sure that you view all the available organisms.

✓✓ Materials
Per Student Group
 ▫ Clean glass microscope slides

 ▫ Methylene blue stain

 ▫ Safranin stain

 ▫ Crystal violet stain

 ▫ Disposable gloves

 ▫ Chemical eye protection

 ▫ Squirt bottle with water

 ▫ Staining tray

Simple Stains

exercise

3-5

3.82 Chemistry of Basic Stains  Basic stains have a posi-
tively charged chromogen (•`), which forms an ionic bond with the 
negatively charged bacterial cell, thus colorizing the cell.

1 Notice that the term basic means “alkaline,” not “elementary”; however, 
coincidentally, basic stains can be used for simple staining procedures.

3.83 Safranin Dye in a Simple Stain  This is a simple stain 
using safranin, a basic stain. Notice that the stain is associated with 
the cells and not the background. The organism is Rhodospirillum 
rubrum grown in broth culture.
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1. Place a small drop of water (not too much) on a 
clean slide using an inoculating loop. If you are 
staining from a broth culture, begin with Step 2.

2. Aseptically add bacteria to the water. Note: If you find that you 
are transferring too much organism with a loop, use an inoculating 
needle. If you are transferring a BSL-2 organism, use a sterile 
wooden stick or a disposable loop and dispose of it properly when 
finished. Up to three emulsions can comfortably be made on a 
single slide. Mix in the bacteria and spread the drop out. Avoid 
spattering the emulsion as you mix. Flame your loop when done.

3. Allow the smear to air dry. If prepared correctly, 
the smear should be slightly cloudy.

4. Using a slide holder, pass the smear through the upper part of 
a flame two or three times.This heat-fixes the preparation. Avoid 
overheating the slide because aerosols may be produced. 

5. Allow the slide to cool, then continue with the staining protocol.

 ▫ Staining screen

 ▫ Bibulous paper (or paper towels)

 ▫ Slide holder

 ▫ Compound microscope with oil-immersion lens and 
ocular micrometer

 ▫ Immersion oil

 ▫ Lens paper

 ▫ Recommended organisms: 
 ▪ Bacillus cereus
 ▪ Micrococcus luteus
 ▪ Neisseria sicca
 ▪ Rhodospirillum rubrum
 ▪ Staphylococcus epidermidis
 ▪ Vibrio spp.

✓Procedure
 1 A bacterial emulsion (smear) is made prior to most 

staining procedures. Follow the procedural diagram 
in Figure 3.84 to prepare smears of two different 
organisms on a slide. Be sure not to mix them. 
Make a second and third slide with the remaining 
four organisms at the same time so they can be air 
drying simultaneously. Emulsions should be about 
the size of a dime.

 2 Heat-fix each slide as described in Figure 3.84. If 
you are using a bacterial incinerator, hold the slide 
(with a slide holder) near the opening for a few  
seconds (Fig. 3.85).

 3 Following the basic staining procedure illustrated in 
the procedural diagram in Figure 3.86, stain one of 
your slides with each stain using the following times:

crystal violet:  stain for 30 to 60 seconds
safranin:  stain for up to 1 minute
methylene blue: stain for 30 to 60 seconds

 Be sure to wear gloves when staining. Record your 
actual staining times in the table provided in the 
data sheet, page 189, so you can adjust for over- or 
under-staining. 

 4 Using the oil-immersion lens, observe each slide. 
Record your observations of cell morphology, ar-
rangement, and size in the chart provided on the 
data sheet.

 5 Dispose of the slides and used stain according to 
your laboratory’s policy.

3.84 Procedural Diagram: Making a Bacterial Smear  
(Emulsion)  You will apply this technique as the first step in per-
forming most stain procedures (the negative and capsule stains are 
the exceptions). It is an important skill to learn, because preparation 
of uniform bacterial smears will make it easier to obtain consistent 
staining results. Caution: Avoid producing aerosols. Do not spatter 
the smear as you mix it, do not blow on or wave the slide to speed 
up air-drying, and do not overheat when heat-fixing. If working with 
a BSL-2 organism, use a wooden stick or disposable loop to transfer 
the organism to the slide and heat-fix by holding the slide near the 
opening of a bacterial incinerator (Fig. 3.85).
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1. Begin with a heat-fixed emulsion (see Figure 3-84).
    More than one organism can be put on a slide. In this
    exercise, we recommend putting three organisms on
    each slide.

2. Wearing gloves, place the slide on a rack over a staining 
    tray. Cover the smear(s) with the stain. Make sure any 
    excess stain falls into the staining tray.

3. Grasp the slide with a slide holder and hold it on an angle. 
    Gently rinse the slide with distilled water into the staining tray. 
    Dispose of stain in the tray at the end of lab according to your 
    lab’s practices.

4. Gently blot dry in a tablet of bibulous paper or paper towels.
    (Alternatively, a page from the tablet can be removed and used 
    for blotting.) Do not rub. When dry, observe under oil immersion.

Stain disposal
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    More than one organism can be put on a slide. In this
    exercise, we recommend putting three organisms on
    each slide.
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    lab’s practices.
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    for blotting.) Do not rub. When dry, observe under oil immersion.

Stain disposal

1. Begin with a heat-fixed emulsion (see Figure 3-84).
    More than one organism can be put on a slide. In this
    exercise, we recommend putting three organisms on
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2. Wearing gloves, place the slide on a rack over a staining 
    tray. Cover the smear(s) with the stain. Make sure any 
    excess stain falls into the staining tray.

3. Grasp the slide with a slide holder and hold it on an angle. 
    Gently rinse the slide with distilled water into the staining tray. 
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4. Gently blot dry in a tablet of bibulous paper or paper towels.
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1. Begin with a heat-fixed emulsion (see Figure 3-84).
    More than one organism can be put on a slide. In this
    exercise, we recommend putting three organisms on
    each slide.

2. Wearing gloves, place the slide on a rack over a staining 
    tray. Cover the smear(s) with the stain. Make sure any 
    excess stain falls into the staining tray.

3. Grasp the slide with a slide holder and hold it on an angle. 
    Gently rinse the slide with distilled water into the staining tray. 
    Dispose of stain in the tray at the end of lab according to your 
    lab’s practices.

4. Gently blot dry in a tablet of bibulous paper or paper towels.
    (Alternatively, a page from the tablet can be removed and used 
    for blotting.) Do not rub. When dry, observe under oil immersion.

Stain disposal

3.85 Heat-fixing a BSL-2 Organism  In order to reduce 
aerosol production, heat-fixing a slide can be done by holding it  
near the opening of a microincinerator (with smear facing away  
from opening) for 5–10 seconds. This is an absolute requirement  
if staining a BSL-2 organism.

3.86 Procedural Diagram: Simple Stain  Staining times differ for each stain, but cell density of your smear also affects staining 
time. Strive for consistency in making your smears. You also only need to cover the emulsion(s) on the slide, not the slide’s whole surface. 
Caution: Be sure to flame your loop after cell transfer and properly dispose of the slide when you are finished observing it.
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Date  

Lab Section  

I was present and performed this exercise (initials)  

Simple Stains
observations and interpretations

 1 Record your observations in the table below.

Organism
Stain and 
Duration

Cellular Morphology and Arrangement
(include a sketch) Cell Dimensions

DATA 
SHEET
3-5
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questions
 1 What are some consequences of leaving a stain on a bacterial smear too long (over-staining)?

 

 

 2 What are some consequences of not leaving a stain on a smear long enough (under-staining)?

 

 

 3 Choose a coccus and a bacillus from the organisms you observed and calculate their surface-to-volume ratios. 
Consider the coccus to be a perfect sphere and the bacillus to be a cylinder. Use the equations supplied.

Cell Morphology Surface Area Volume

Coccus SA 4 4r2 V 4  4—
3 

r3

Bacillus SA 4 2rh ` 2r2 V 4 r2h

r 4 radius, h 4 height,  4 3.14

Surface-to-Volume Ratio of Sample Cells

Organism
Cell  

Morphology
Surface Area 

(µm2)
Volume 
(µm3)

Surface-to-Volume 
Ratio

 4 Consider a coccus and a rod of equal volume.

a. Which is more likely to survive in a dry environment? Explain your answer.

 

 

 

b. Which would be better adapted to a moist environment? Explain your answer.
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Cells are transparent prior to 
staining.

Crystal violet stains both Gram-
positive and Gram-negative cells. 
Iodine is used as a mordant.

Decolorization with alcohol or 
acetone removes crystal violet 
from Gram-negative cells.

Safranin is used to counterstain 
Gram-negative cells.

Gram-
negative

cells

Gram-
positive

cells

77 Theory
The Gram stain is a differential stain in which a decolor-
ization step occurs between the applications of two basic 
stains. The Gram stain has many variations, but they all 
work in basically the same way (Fig. 3.90). The primary 
stain is crystal violet. Iodine is added as a mordant to  
enhance crystal violet staining by forming a crystal violet–
iodine complex. Decolorization follows and is the most 
critical step in the procedure. Gram-negative cells are  
decolorized by the solution (generally an alcohol/acetone

mixture of varying proportions) whereas Gram-positive 
cells are not. Gram-negative cells can thus be colorized 
by the red counterstain safranin, but Gram-positive cells 
are already violet and cannot. Upon successful completion 
of a Gram stain, Gram-positive cells appear purple and 
Gram-negative cells appear reddish-pink (Fig. 3.91).

Electron microscopy and other evidence indicate 
that the ability to resist decolorization or not is based on 
the different wall constructions of Gram-positive and 

Differential and Structural Stains

Differential stains allow a microbiologist to detect differences between organisms or differ-
ences between parts of the same organism. In practice, these are used much more frequently 
than simple and negative stains because they not only allow determination of cell size, mor-
phology, and arrangement (as with simple or negative stains) but provide information about 

other features as well.
The Gram stain is the most commonly used differential stain in bacteriology. Other differential stains are used 

for organisms not distinguishable by the Gram stain and for those that have other important cellular attributes, 
such as acid-fastness, a capsule, spores, or flagella. With the exception of the acid-fast stain, these other stains 
sometimes are referred to as structural stains. ◆

Gram Stain

exercise

3-7

3.90 Gram Stain Overview77After application of the primary 
stain (crystal violet), decolorization, and counterstaining with safranin, 
Gram-positive cells stain violet and Gram-negative cells stain pink/
red. Notice that crystal violet and safranin are both basic stains, and 
that the decolorization step is what makes the Gram-stain differential.

3.91 Micrograph of Two Species Illustrating Gram Stain  
Results77The violet staphylococcal cells are Gram positive; the 
pink rods are Gram negative. Depending on your Gram-stain kit, the 
safranin may be anywhere from a light pink (as in this micrograph) 
to a more intense reddish color. In either case, it should be easily 
distinguishable from the crystal violet color.
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Gram-negative cells. Gram-negative cell walls have a 
higher lipid content (because of the outer membrane) 
and a thinner peptidoglycan layer than Gram-positive 
cell walls (Fig. 3.92). The alcohol/acetone in the decolor-
izer extracts the lipid, making the Gram-negative wall 
more porous and incapable of retaining the crystal violet–
iodine complex, thereby decolorizing it. The thicker pep-
tidoglycan and greater degree of cross-linking (because 
of teichoic acids) trap the crystal violet–iodine complex 
more effectively, making the Gram-positive wall less  
susceptible to decolorization.

Although some organisms give Gram-variable results, 
most variable results are a consequence of poor technique. 
The decolorization step is the most crucial and most likely 
source of Gram-stain inconsistency. It is possible to over-
decolorize by leaving the decolorizer on too long and get 
reddish Gram-positive cells. It also is possible to under-
decolorize and produce purple Gram-negative cells. 

Neither of these situations changes the actual Gram  
reaction for the organism being stained. Rather, these  
are false results because of poor technique.

A second source of poor Gram stains is inconsistency 
in preparation of the emulsion. Remember, a good emul-
sion is about dime size and dries to a faint haze on the slide.

A third source of inconsistent Gram stains may be the 
organisms themselves. Some Gram positives, especially 
Bacillus and Staphylococcus species, lose their ability to 
retain the crystal violet–iodine complex in as little as 24 
hours of incubation. Figure 3.93 illustrates a Bacillus  
culture stained at 24 hours of growth. Always plan on  
doing your Gram stains on cultures no older than 24 
hours for best results.

Until correct results are obtained consistently, it is 
recommended that control smears of Gram-positive and 
Gram-negative organisms be stained along with the or-
ganism in question (Fig. 3.94). As an alternative control, 
a direct smear made from the gumline may be Gram 
stained (Fig. 3.95) with the expectation that both Gram-
positive and Gram-negative organisms will be seen. 
Over-decolorized and under-decolorized gumline direct 
smears are shown for comparison (Figs. 3.96 and 3.97). 
Positive controls also should be run when using new  
reagent batches.

Interpretation of Gram stains can be complicated by 
nonbacterial elements. For instance, stain crystals from 
an old or improperly made stain solution can disrupt the 
field (Fig. 3.98) or stain precipitate may be mistakenly 
identified as bacteria (Fig. 3.99). 

3.92 Bacterial Cell Walls77The Gram-negative wall (A) is 
composed of less peptidoglycan (as little as a single layer) and more 
lipid (due to the outer membrane) than the Gram-positive wall (B). 
Though it is shown as a solid layer, the peptidoglycan is quite po-
rous. The thicker Gram-positive peptidoglycan is like a three-dimen-
sional chain-link fence, and when the crystal violet–iodine 
complexes form within it, they are difficult to remove by decoloriza-
tion. The greater amount of lipid and thinner peptidoglycan of the 
Gram-negative wall makes extraction of the crystal violet–iodine 
complex by the decolorizer much easier.

A

B

3.93 24-Hour Bacillus Illustrating Loss of Gram-Positive  
Reaction with Age77This Bacillus was isolated from aerobic  
estuarine mud and stained within 24 hours of making the pure culture. 
Notice some cells are pink and have lost their ability to resist decol-
orization. This result does not change the fact that Bacillus has a 
Gram-positive wall, though.

3
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3.94 Positive Controls to Check Your Technique77Staining 
known Gram-positive and Gram-negative organisms on either side 
of your unknown organism act as positive controls for your technique. 
Try to make the emulsions as close to one another as possible. 
Spreading them out across the slide makes it difficult to stain and 
decolorize them equally. It is also beneficial to put the Gram-negative 
control at the end where you will be applying the decolorizer. This 
will make it easier to see when it is running clear. Putting it at the 
other end means it will have runoff from the Gram-positive control 
and the unknown obscuring it.

3.95 Direct Smear Positive Control (Gram Stain)77A direct 
smear made from the gumline may also be used as a Gram-stain con-
trol. Expect numerous Gram-positive bacteria (especially cocci) and 
some Gram-negative cells, including your own epithelial cells. In this 
slide, Gram-positive cocci predominate, but a few Gram-negative cells 
are visible, including Gram-negative rods (circled) and a Gram-negative 
diplococcus (arrow). Notice that most bacterial cells are on the epi-
thelial cell’s surface, which is where they reside when in the mouth.

3.96 Under-Decolorized Gram Stain77This is a direct smear 
from the gumline. Notice the purple patches of stain on the epithelial 
cells. Also notice the variable quality of this stain—the epithelial cell 
to the left of center is stained better than the others.

3.97 Over-Decolorized Gram Stain77This also is a direct 
smear from the gumline. Notice the virtual absence of any purple 
cells, a certain indication of over-decolorization.

3.98 Crystal-Violet Crystals (Gram Stain)77If the staining 
solution is not adequately filtered or is old, crystal-violet crystals may 
appear. Although they are pleasing to the eye, they obstruct your 
view of the specimen. Crystals from two different Gram stains are 
shown here. (A) This is a gumline direct smear. The bacterial cells 
are the pink material in the background and the crystals are the large, 
purple “snowflakes.” (B) In this Gram stain of Micrococcus roseus 
grown in culture, the cells are the lighter purple in the background 
(can you detect any tetrads?) and the crystals are the darker spikes.

3
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Stain the
specimen

Observe using 
oil immersion

Stain another 
specimen 

incorporating 
corrections

Evaluate 
the results

77 Application
The Gram stain, used to distinguish between Gram-
positive and Gram-negative cells, is the most important 
and widely used microbiological differential stain. In  
addition to Gram reaction, this stain allows determination 
of cell morphology, size, and arrangement. It typically is 
the first differential test run on a specimen brought into 
the laboratory for identification. In some cases, a rapid, 
presumptive identification of the organism or elimination 
of a particular organism is possible.

77 In This Exercise
The Gram stain is the single most important differential 
stain in bacteriology. Therefore, you will have to practice 
it and practice it some more to become proficient in its 
execution. The organisms should be used in the combi-
nations given so you will have one Gram-positive and 
one Gram-negative on each slide. We recommend that 
you stain one slide, observe it, evaluate it, and then stain 
another slide incorporating corrections indicated by the 
first slide’s results (Fig. 3.100). 

✓✓ Materials
Per Student Group
7▫ Compound microscope with oil-immersion lens and 
ocular micrometer

7▫ Clean glass microscope slides

7▫ Sterile toothpick

7▫ Gram-stain solutions (commercial kits are available):
7▪ Gram crystal violet
7▪ Gram iodine
7▪ 95% ethanol (or ethanol/acetone solution)
7▪ Gram safranin

7▫ Squirt bottle with water

7▫ Bibulous paper or paper towels

7▫ Disposable gloves

7▫ Chemical eye protection

7▫ Staining tray

7▫ Staining screen

7▫ Slide holder

7▫ Recommended organisms (overnight cultures grown 
on agar slants or turbid broth cultures):
7▪ Staphylococcus epidermidis
7▪ Escherichia coli
7▪ Neisseria sicca
7▪ Corynebacterium xerosis

✓Procedure
 1 Follow the procedure illustrated in Figure 3.84 to 

prepare and heat-fix smears of Staphylococcus epi-
dermidis and Escherichia coli immediately next to 
one another on the same clean glass slide. (If you 
make the emulsions at opposite ends of the slide, 
you may find it difficult to stain and decolorize 
each equally.) Strive to prepare smears of uniform 
thickness, because thick smears risk being 
under-decolorized.

 2 Repeat step 1 for Neisseria sicca and Corynebacte-
rium xerosis on a second slide.

 3 Because Gram stains require much practice, we  
recommend that you prepare several slides of each 
combination and let them air-dry simultaneously. 
Then they will be ready when you need them.

3.99 Stain Precipitate (Gram Stain)77If the slide is not 
rinsed thoroughly or the stain is allowed to dry on the slide, spots  
of stain precipitate may form and may be confused with bacterial 
cells. Their variability in size is a clue that they are not bacteria.

3.100 Evaluating Staining Technique77It is best when 
learning a staining technique to prepare several slides and stain 
them one at a time. Observe the first slide, evaluate its quality 
(good or poor) and if poor, determine what steps to take to improve 
the quality. Then, stain another slide incorporating the changes sug-
gested by your previous attempt. This technique is applicable to 
any stain, not just the Gram stain.

3
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 4 Wash your hands, and then use the sterile toothpick 
to obtain a sample from your teeth at the gumline. 
(Do not draw blood! What you want is easily re-
moved from your gingival pockets.) Transfer the 
sample to a drop of water on a clean glass slide,  
air-dry, and heat-fix.

 5 Follow the basic staining procedure illustrated in 
Figure 3.101. We recommend staining the pure cul-
tures first. After your technique is consistent, stain 
the oral sample. Be sure to wear gloves. Also, pay 
special attention to the decolorization “tips” in steps 
6 and 7 of Figure 3.101 and in its caption.

 6 Observe using the oil-immersion lens. Record your 
observations of cell morphology and arrangement, 
dimensions, and Gram reactions in the chart provided 
on the data sheet, page 201.

 7 Dispose of the specimen slides in a jar of disinfectant 
or a sharps container after use.
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1. Begin with up to three heat-fixed 
    emulsions on one slide. (See Figure 3.84.)
    Wearing gloves, place the slide on a rack 
    over a staining tray.

2. Cover the smear(s) (not the whole slide) 
    with crystal violet stain for one minute. 
    Be sure the staining tray catches all 
    excess stain.

10. Gently blot dry in a tablet of bibulous 
      paper or paper towels. (Alternatively, a 
      page from the tablet can be removed and 
      used for blotting.) Do not rub. When dry, 
      observe under oil immersion.

3. Grasp the slide with a slide holder and 
    hold it on an angle. Gently rinse the slide 
    with distilled water into the staining tray. 
    Alternatively, see steps 4 and 5.

Staining 
Tray

4. Cover the smear(s) with Gram iodine stain 
    for one minute. Be sure the staining tray 
    catches all excess stain.

Staining 
Tray

Staining 
Tray

Staining 
Tray

Staining 
Tray

5. Grasp the slide with a slide holder 
    and hold it on an angle. Gently rinse 
    the slide with distilled water into the 
    staining tray.

6. Holding the slide on an angle, decolorize 
    with Gram decolorizer by allowing it to 
    trickle down the slide until the runoff is 
    clear. Catch the runoff in the staining tray. 
    Note: Decolorizers differ depending on the 
    kit’s manufacturer. The more acetone in the 
    decolorizer, the faster it will decolorize.

7. As soon as the runoff is clear, IMMEDIATELY 
    rinse the slide with diluted water into the 
    staining tray (Note: It will still be decolorizing 
    while you’re grabbing the water bottle! Plan 
    ahead for that transition.).

8. Counterstain the smear(s) with safranin 
    for one minute. Be sure the staining 
    tray catches all excess stain.

9. Grasp the slide with a slide holder and 
    hold it on an angle. Gently rinse the slide 
    with distilled water into the staining tray.

3.101 Procedural Diagram: Gram Stain77Pay careful attention to the staining times. If your preparations do not give “correct”  
results, the most likely source of error is in the decolorization step. When the runoff is clear (generally within 10 seconds, shorter if the  
acetone concentration is high), IMMEDIATELY rinse with dH2O. The decolorizer continues decolorizing as you put its bottle down and pick 
up the water bottle, so anticipate the end point of decolorization to compensate for this.

3
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Name  

Date  

Lab Section  

I was present and performed this exercise (initials)  

Gram Stain
observations and interpretations

 1 Record your observations in the table below. Use separate lines for different organisms found in the Gram stain of your gumline.  
Include a drawing of your own epithelial cells.

Organism or Source

Cellular Morphology and Arrangement
(include a detailed sketch  

of a few representative cells)
Cell 

Dimensions Color

Gram  
Reaction 
(~/!)

DATA 
SHEET
3-7
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questions
 1 Predict the effect on Gram-positive and Gram-negative cells of the following “mistakes” made when performing 

a Gram stain. Consider each mistake independently.

a. Failure to add the iodine.

 

 

b. Failure to apply the decolorizer.

 

 

c. Failure to apply the safranin.

 

 

d. Reversal of crystal violet and safranin stains.

 

 

 2 Both crystal violet and safranin are basic stains and may be used to do simple stains on Gram-positive and 
Gram-negative cells. This being the case, explain how they end up staining Gram-positive and Gram-negative 
cells differently in the Gram stain.

 

 

 

 

 3 If you saw large, eukaryotic cells in the preparation made from your gumline, they were most likely your own 
epithelial cells. Are you Gram-positive or Gram-negative? (You can make a good guess about this even if you 
didn’t see your cells.)

 

 

 

 

 4 One of your lab partners has followed the recommended procedure of running Gram-positive and Gram-negative 
control organisms on her Gram stain of an unknown species. Her choices of controls were Escherichia coli 
and Bacillus subtilis. She tries several times and each time concludes she is decolorizing too long because both 
controls have pink cells (one more than the other). What might you suggest she try and why?
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77 Preface
For many years, the Enterotube® II was a popular multi-
test system designed to identify enteric bacteria and other 
select oxidase-negative, Gram-negative bacteria. While 
there may still be unused Enterotubes® in college labs 
around the country, as far as we can determine it is no 
longer available for purchase. However, a virtually  
identical system called EnteroPluri–Test is manufactured 
by the Italian company Liofilchem® and sold by various 
vendors in the United States1. This lab exercise is still 
written for the Enterotube® II, but it will also work for 
the EnteroPluri–Test system. For clarity during this  
transitional time, we refer only to Enterotube® II.

1 A quick web search located Hardy Diagnostics and Carolina Biological 
Supply Company as sources of the EnteroPluri–Test and EnteroPluri 
Code Book.

77 Theory
The Enterotube® II is a multiple test system designed to 
identify enteric bacteria based on: glucose, adonitol, lactose, 
arabinose, sorbitol, and dulcitol fermentation, lysine and 
ornithine decarboxylation, sulfur reduction, indole pro-
duction, acetoin production from glucose fermentation, 
phenylalanine deamination, urea hydrolysis, and citrate 
utilization. 

The Enterotube® II, as diagramed in Figure 5.99, is  
a tube containing 12 individual chambers. Inside the tube, 
running lengthwise through its center, is a removable wire. 
After the end-caps are removed (aseptically), one end of 
the wire is touched to an isolated colony on a streak 
plate and drawn back through the tube to inoculate the 
media in each chamber (Figs. 5.100 through 5.104).

EnteroPluri–Test 
(Enterotube® II)

exercise

5-30

5.99 Enterotube® II  
Test Result Diagram77

Illustration courtesy  
Becton Dickinson and Co.

5.101 Pull Wire Through77After removing the caps and 
placing them on the disinfectant-soaked towel, loosen the wire by 
turning it slightly. While continuing to rotate it withdraw the wire 
until its tip is inside the last compartment (glucose).

5.100 Pick a Colony  Using the sterile tip of the wire, asepti-
cally remove growth from a colony on the agar surface. Do not dig 
into the agar. The inoculum should be large enough to be visible.  
Remember, there must be enough to inoculate all 12 compartments.

SECTION 5 Differential Tests449
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After 18 to 24 hours’ incubation, the results are  
interpreted, the indole test is performed (Fig. 5.105),  
and the tube is scored on an Enterotube® II Results Sheet 
(Fig. 5.106). As shown in the figure, the combination of 
positives entered on the score sheet results in a five-digit 
numeric code. This code is used for identification in the 
Enterotube® II Computer Coding and Identification  
System (CCIS) (Fig. 5.107). 

The CCIS is a master list of all enterics and their  
assigned numeric codes. In most cases, the five-digit 
number applies to a single organism, but when two or 
more species share the same code, a confirmatory VP  
test is performed to further differentiate the organisms. 

An Enterotube® II before and after inoculation is shown 
in Figure 5.108.

77 Application
The Enterotube® II is a multiple test system used for 
rapid identification of bacteria from the family 
Enterobacteriaceae.

77 In This Exercise
You will use a multi-test system to run an entire battery 
of tests designed to identify a member of the 
Enterobacteriaceae.

5.104 Puncture Air Inlets77Using the broken wire, puncture 
the plastic covering the eight air inlets on the back side of the tube.

5.103 Break Wire77Bend the wire until it breaks off at the 
notch.

5.102 Reinsert Wire77Slide the wire back into the  
Enterotube® II until you can see the tip inside the citrate compartment. 
The notch in the wire should be lined up with the end of the tube 
nearest the glucose compartment.

5.105 Add Reagents after Incubation77Use a needle and 
syringe to add the reagents through the plastic film on the flat side 
of the tube. Do this with the tube in a test tube rack and the glucose 
end pointing down. The indole test should be done only after other 
tests have been read. Add the Voges-Proskauer reagents only if  
directed to do so by the CCIS.

SECTION 5 Differential Tests
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5.107 Sample of the  
Enterotube® II Computer  
Coding and Identification  
System77The five-digit  
numbers on the Enterotube® II 
Results Pad are matched  
against the database in the  
CCIS (or EnteroPluri–Test  
Codebook) to get identification.

5.106 BBL™ Enterotube® II Result Sheet77This is the result sheet for the tube in Figure 5.108B. The 
ID value obtained was 32361, which identifies the organism as Enterobacter aerogenes.

5.108 Enterotube® II Test 
Results77(A) Shown is an  
uninoculated tube. (B) This tube 
was inoculated with Enterobacter 
aerogenes and incubated for 24 
hours. This E. aerogenes strain 
shows atypical negative results  
for lysine decarboxylase; after an 
additional 24 hours incubation the 
lysine medium turned purple (`).

A

B
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✓✓ Materials
Per Class (based on system used)
7▫ Enterotube® II Computer Coding and Identification 
System (CCIS) identification booklet from Becton 
Dickinson Microbiology Systems

7▫ EnteroPluri–Test Code Book

Per Student Group
7▫ Becton Dickinson Microbiology Systems’ Enterotube® 
II Identification System for Enterobacteriaceae

7▫ EnteroPluri–Test System

7▫ Kovac’s reagent 

7▫ VP reagents (KOH and a-naphthol)

7▫ Needles and syringes or disposable pipettes for 
addition of reagents

7▫ Streak plate containing colonies of an unknown 
enteric (appropriate to facilities and course level)

77 Reagent Recipes
Indole Test

Kovac’s Reagent 
7▪ Amyl alcohol 75.0 mL
7▪ Hydrochloric acid, concentrated 25.0 mL
7▪ p-dimethylaminobenzaldehyde 5.0 g

VP Test
KOH Reagent
7▪ Potassium hydroxide 20.0 g
7▪ Distilled water to bring volume to 100.0 mL

a-Naphthol Reagent 
7▪ a-naphthol 5.0 g
7▪ Absolute ethanol to bring volume to 100.0 mL

✓Procedure
Lab One 
 1 Perform a Gram stain on your isolate to verify that 

it is a Gram-negative rod.

 2 Place a paper towel on the tabletop and soak it 
with disinfectant.

 3 Remove the blue cap and then the white cap from 
the Enterotube® II, being careful not to contaminate 
the sterile wire tip. Place the caps open end down 
on the paper towel.

 4 Aseptically remove a large amount of growth from 
one of the plated colonies (Fig. 5.100). (This presumes 
your streak plate has only one organism on it. If not, 
you will need to inoculate with the same colony you 
Gram stained.) Try not to remove any of the agar 
with it.

 5 Grasp the looped end of the wire and, while turning, 
gently pull it back through all of the Enterotube® II 
compartments (Fig. 5.101). You do not have to 
completely remove the wire, but be careful to pull it 
back far enough to inoculate the last compartment. 

 6 Using the same turning motion as described above, 
slide the wire back into the tube until the notch in 
the wire lines up with the end of the tube (Fig. 5.102).

 7 Bend the wire at the notch until it breaks off (Fig. 
5.103).

 8 Locate the air inlets on the side of the tube opposite 
the Enterotube® II label. Using the removed piece of 
inoculating wire, puncture the plastic membrane in 
the adonitol, lactose, arabinose, sorbitol, Voges-
Proskauer, dulcitol/PA, urea, and citrate compart-
ments (Fig. 5.104). These openings will create the 
necessary aerobic conditions for growth. Be careful 
not to perforate the plastic film covering the flat 
side of the tube.

 9 Discard the wire in disinfectant or a sharps container 
and replace the Enterotube® II caps.

10 Incubate the tube lying on its flat surface (or vertically 
with glucose on top, if using EnteroPluri–Test) at 
3552°C for 18 to 24 hours. (Note: If the tube  
cannot be read at 24 hours, have someone place  
it in a refrigerator until it can be read.)
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Lab Two
 1 Examine the tube and circle the appropriate positive 

results on the Enterotube® II Results Sheet. Note: 
while the tests are listed in the same order, the  
EnteroPluri–Test scoring sheet differs slightly  
from the Enterotube® II’s in their grouping, as 
shown below.

 Group 1: Glucose, Gas, and Lysine
 Group 2: Ornithine, H2S, and Indole
 Group 3: Adonitol, Lactose, and Arabinose
 Group 4: Sorbitol, VP, and Dulcitol
 Group 5: Phenylalanine, Urea, and Citrate

 2 After circling all positive test results on the Entero-
tube® II Results Sheet, place the tube in a rack with 
the glucose compartment on the bottom. Puncture 
the plastic membrane of the H2S/Indole compartment 
and (with a needle and syringe or disposable pipette) 
add one or two drops Kovac’s reagent to the com-
partment (Fig. 5.105).

 3 Observe the compartment for the formation of a 
red color (`) within 10 seconds. Record the result 
on the Enterotube® II Results Sheet.

 4 Add the numbers in each bracketed section on the 
Enterotube® II Results Sheet to obtain a five-digit 
number. Find the number in the CCIS. If not  
directed to perform a VP test, record the name  
of your organism on the score sheet and skip to 
step 6 below. If directed to run a confirmatory  
Voges-Proskauer test, proceed to step 5.  
(EnteroPluri–Test has you run the VP at this point.)

 5 Puncture the plastic membrane of the VP compart-
ment and (with a needle and syringe or disposable 
pipette) add two drops of the KOH reagent and 
three drops of the a-Naphthol reagent. Observe for 
the formation of red color within 20 minutes.

 6 Interpret the result using the CCIS or EnteroPluri–
Test Codebook. The codes obtained are not inter-
changeable between the two systems.

 7 Discard the Enterotube II® in an appropriate  
autoclave container. 

 8 Enter all results on the data sheet, page 455 and  
answer the questions.

References
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EnteroPluri–Test Codebook.
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table 5-37 Enterotube® II Results and Interpretations

Table of Results

Compartment Test Result Interpretation Symbol

 1 Glucose Red Organism does not ferment glucose 1

Yellow, wax not lifted Organism ferments glucose to acid `

Yellow, wax lifted Organism ferments glucose to acid and gas `

 2 Lysine Purple Organism decarboxylates lysine `

Yellow Organism does not decarboxylate lysine 1

 3 Ornithine Purple Organism decarboxylates ornithine `

Yellow Organism does not decarboxylate ornithine 1

 4 H2S Beige Organism does not reduce sulfur 1

Black Organism reduces sulfur `

Indole Red after Kovac’s reagent Organism produces indole `

No red after Kovac’s reagent Organism does not produce indole 1

 5 Adonitol Red Organism does not ferment adonitol 1

Yellow Organism ferments adonitol `

 6 Lactose Red Organism does not ferment lactose 1

Yellow Organism ferments lactose `

 7 Arabinose Red Organism does not ferment arabinose 1

Yellow Organism ferments arabinose `

 8 Sorbitol Red Organism does not ferment sorbitol 1

Yellow Organism ferments sorbitol `

 9 VP Colorless Organism does not produce acetoin 1

Red Organism produces acetoin `

10 Dulcitol Green Organism does not ferment dulcitol 1

Yellow Organism ferments dulcitol `

PA Green Organism does not deaminate phenylalanine 1

Black-smoky-gray Organism deaminates phenylalanine `

11 Urea Beige Organism does not hydrolyze urea 1

Red-purple Organism hydrolyzes urea `

12 Citrate Green Organism does not utilize citrate 1

Blue Organism utilizes citrate `
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table 5-36 api 20 E Results and Interpretations

Table of Results

# Test Substrate/Activity Result Interpretation Symbol

 1 ONPG O-nitophenyl-b-D-
galactopyranoside

Yellowa Organism produces b-galactosidase `

Colorless Organism does not produce b-galactosidase 1

 2 ADH
Arginine

Red/orange Organism produces arginine dihydrolase `

Yellow Organism does not produce arginine dihydrolase 1

 3 LDC
Lysine

Red/orangeb Organism produces lysine decarboxylase `

Yellow Organism does not produce lysine decarboxylase 1

 4 ODC
Ornithine

Red/orangeb Organism produces ornithine decarboxylase `

Yellow Organism does not produce ornithine decarboxylase 1

 5 CIT
Citrate

Blue-green/bluec Organism utilizes citrate as sole carbon source `

Pale green/yellow Organism does not utilize citrate 1

 6 H2S
Sodium thiosulfate

Black Organism reduces sulfur `

Colorless/grayish Organism does not reduce sulfur 1

 7 URE
Urea

Red/orangeb Organism produces urease `

Yellow Organism does not produce urease 1

 8 TDA
Tryptophan

Brown-red Organism produces tryptophan deaminase `

Yellow Organism does not produce tryptophan deaminase 1

 9 IND
Tryptophan

Red ring Organism produces indole `

Yellow Organism does not produce indole 1

10
VP Creatine sodium 

pyruvate

Pink/redd Organism produces acetoin `

Colorless Organism does not produce acetoin 1

11 GEL

Kohn's charcoal 
gelatin

Diffusion of black 
pigment

Organism produces gelatinase `

No black pigment 
diffusion

Organism does not produce gelatinase 1

12 GLU
Glucosee

Yellow Organism ferments glucose `

Blue/blue-green Organism does not ferment glucose 1

13 MAN
Mannitole

Yellow Organism ferments mannitol `

Blue/blue-green Organism does not ferment mannitol 1

14 INO
Inositole

Yellow Organism ferments inositol `

Blue/blue-green Organism does not ferment inositol 1

15 SOR
Sorbitole

Yellow Organism ferments sorbitol `

Blue/blue-green Organism does not ferment sorbitol 1

(Continues)
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table 5-36 api 20 E Results and Interpretations (Continued)

Table of Results
# Test Substrate/Activity Result Interpretation Symbol

16 RHA
Rhamnosee

Yellow Organism ferments rhamnose `

Blue/blue-green Organism does not ferment rhamnose 1

17 SAC
Sucrose (saccharose)e

Yellow Organism ferments sucrose `

Blue/blue-green Organism does not ferment sucrose 1

18 MEL
Melibiosee

Yellow Organism ferments melibiose `

Blue/blue-green Organism does not ferment melibiose 1

19 AMY
Amygdaline

Yellow Organism ferments amygdalin `

Blue/blue-green Organism does not ferment amygdalin 1

20 ARA
Arabinosee

Yellow Organism ferments arabinose `

Blue/blue-green Organism does not ferment arabinose 1

21 OX Separate test done on 
paper test strip

Violet Organism produces cytochrome-oxidase `

Colorless Organism does not produce cytochrome-oxidase 1

22 GLU

Potassium nitrate

Red after addition 
of reagents

Organism reduces nitrate to nitrite `

Yellow after 
addition of 
reagents

Organism does not reduce nitrate to nitrite 1

Yellow after 
addition of zinc

Organism reduces nitrate to N2 gas `

Orange-red after 
addition of zinc

Organism does not reduce nitrate 1

23 MOB Motility medium or 
wet mount slide

Motility Organism is motile `

Nonmotility Organism is not motile 1

24 McC
MacConkey medium

Growth Organism is probably Enterobacteriaceae `

No growth Organism is not Enterobacteriaceae 1

25 OF

Glucose

Yellow under 
mineral oil

Organism ferments glucose `

Green under 
mineral oil

Organism does not ferment glucose 
(not Enterobacteriaceae)

1

Yellow without 
mineral oil

Organism either ferments glucose or utilizes it 
oxidatively

`

Green without 
mineral oil

Organism does not utilize glucose 
(not Enterobacteriaceae)

1

a Very pale yellow is also positive
b Orange after 36 hours is negative
c Reading made in the capsule
d Slightly pink color after 5 minutes is negative
e Fermentation begins in the lower portion of the tube; oxidation begins in the capsule
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Name  

Date  

Lab Section  

I was present and performed this exercise (initials)  

DATA 
SHEET
5-29api 20 E Identification System  

for Enterobacteriaceae  
and Other Gram-negative Rods
observations and interpretations

 1 Tape your api 20 E Result Sheet here.

questions

 1 Why is it important to perform the reagent tests last?
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Name  

Date  

Lab Section  

I was present and performed this exercise (initials)  

 2 In clinical applications of this test system, reagents are added only if the glucose (oxidation/fermentation) test 
result is yellow or at least three other tests are positive. If these conditions are not met, a MacConkey agar 
plate is streaked and additional tests are performed confirming glucose metabolism, nitrate reduction, and 
motility. Why do you think this is so? Be specific.

 

 

 

 

 

 3 Suppose, after 24 hours incubation, you notice no growth in the tubes containing mineral oil. Assuming that 
it is behaving properly under these conditions, what do you know about the organism and what predictions 
can you safely make about its performance in the decarboxylase tests, fermentation tests, and nitrate reduction 
test? Is it a member of Enterobacteriaceae?
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Name  

Date  

Lab Section  

I was present and performed this exercise (initials)  

DATA 
SHEET
5-30EnteroPluri–Test (Enterotube® II)

observations and interpretations

 1 Tape your BBL® Enterotube® II Result Sheet here.

 2 Enter the results from the CCIS booklet below.

CCIS Five-Digit Code Possible Organisms
VP Result7

~/! Identified Organism

MICROBIOLOGY: Laboratory Theory & Application455
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questions
 1 Fecal coliforms such as Escherichia coli, Enterobacter aerogenes, and Klebsiella pneumoniae are enterics that 

ferment lactose to acid and gas at 35°C within 48 hours. For most strains of these organisms, the table below 
summarizes reactions in the Enterotube® II. Fill in the missing information and, using colored pencils, fill in 
the appropriate colors for each positive test.

Glu Gas Lys Orn H2S Ind Adon Lact Arab Sorb VP Dulc PA Urea Citrate

E. coli ` 1 1 ` 1 ` ` 1 1 1 1 1

E. aerogenes ` ` 1 1 ` ` ` ` 1 1 1 `

K. pneumoniae ` 1 1 1 ` ` ` ` 1 1 ` `

 2 Based on the information above, enter the five-digit codes for the three organisms.

 E. coli _________________   E. aerogenes _________________   K. pneumoniae _________________

 3 Examine the following table. Fill in the color reactions for each test based on the ID value given.

ID  
Value

Glucose/ 
Gas Lysine Ornithine

H2S/ 
Indole Adonitol Lactose Arabinose Sorbitol VP

Dulcitol/ 
PA Urea Citrate

31122

27345

04004

05511

 4 Which of the four organisms are not members of Enterobacteriaceae? Why?

 

 

 5 Which of the four ID values is questionable? Why?
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Biomolecule Identification 
 
©2016 by Dr. Raj Bawa. All rights reserved. Reprint permissions granted to the original and unaltered work only.   
Copyright information:  bawa@bawabiotech.com

All experiments will be performed by groups of 4-5 students at lab tables under the direct supervision of Dr. 
Bawa.  Each group should obtain the following materials, stock solutions and the unknown sample before 
beginning the experiments.   Appropriate controls will be used.  This experiment involves detection of the 
biomolecules(s) present in the unknown sample by performing all four tests discussed below. 

Equipment and Materials (per group): 
Salad oil (lipid), glucose, starch, egg albumen     
Benedict's reagent          
Biuret reagent          
Iodine reagent (iodine potassium iodide or IKI)        
Sudan IV          
Disposable pipettes         
24 Clean test tubes         
1-liter beaker – for use as the water bath 
Weighing paper
Unknown Sample(s) 
Distilled water 
Hot plate 
Stirring rods 
Wax pencil or Sharpie® marker 
Toothpicks

Prepare Stock Solutions (per group):  
(1) 1% glucose stock solution 
(2)   0.5% starch stock solution
(3)   10% protein stock solution

1. Benedict’s Test ‐ Detection of Reducing Sugars (Monosaccharides and Disaccharides)   

The Benedict’s test is a semi-quantitative test for measuring the amount of reducing sugars like glucose.  
Benedict's reagent is a blue solution which, when heated in the presence of simple sugars 
(monosaccharides) or some disaccharides, turns a range of different colors depending on the amount of the 
sugar present.  The color change is dependent upon the reduction (gain of electrons) of the aldehyde and 
ketone groups present in the reducing sugar molecules.  In other words, the sugar molecule acts as a 
reducing agent (itself gets oxidized) and brings about reduction of the Benedict’s reagent.  In an alkaline 
solution, sugars can reduce (i.e., donate or give electrons) various metallic compounds to free metals and 
other forms.   

Benedict's reagent is an alkaline solution of copper sulfate (giving it its blue color), sodium citrate, and 
sodium carbonate.  If the mixture of glucose and Benedict's reagent is heated, the soluble, blue, divalent 
copper ion (cupric copper  or Cu++) of the copper sulfate is reduced to the insoluble, red-orange, mono-
valent copper ion (cuprous copper or Cu+) of cuprous oxide (Cu2O), giving the solution its reddish-orange 
color.  However, note that depending on the amount of reducing sugar present in your sample, the 
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precipitate that is formed at the bottom of the test tube can range in color from green to yellow to orange-
red to brown: 

green orange red brown

Benedict’s test identifies reducing sugars.  All monosaccharides and almost all disaccharides (except 
sucrose) are able to reduce the Benedict’s reagent.  In other words, when the Benedict’s reagent is added 
to a sample containing reducing sugars and then the mixture is heated, the blue solution will change to 
reddish-orange.  The disaccharide sucrose does not reduce the Benedict’s reagent because its functional 
groups are involved in bonding two consecutive monosaccharides together and thus not available for a 
chemical reaction with the Benedict’s reagent.  Starches are also non-reducing sugars. 

Q. Identify the test tube below that contains glucose: 

Determine the accuracy and sensitivity of Benedict's reagent by testing it against solutions of protein, lipids, 
starch.  Number test tubes #1-5.  Always place numbers near the top of the test tube so that they will not melt 
off in the water bath.  Pipette 1 ml of the indicated solution into each test tube: 
                  #1 - 1% glucose 
                  #2 - 0.5% starch 
                                                                      #3 - lipid 
                                                      #4 - protein 
                                  #5 - distilled water (control) 
             #6 - unknown Sample 

Add 1 ml of Benedict's reagent to all tubes (#1 to #6), swirl to mix, and then place all tubes 
simultaneously in a large beaker 1/3 full of tap water boiling on a hot plate.  Heat tubes for 2-3 minutes, 
then remove the tubes with a test tube holder, remix and allow cooling.  Observe and record all color 
changes, and volume and color of precipitate formed.  Discuss your results that you record in the 
following table with Dr. Bawa: 

Test Tube Solution Tested Color/Results 
#1
#2
#3
#4
#5
#6
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       Q. Did you get a positive Benedict test in the starch tube? Why?  
Q. Why was this test negative for starch, a substance composed of many glucose molecules? 
Q. Why did we include a test tube containing distilled water only? 
Q. What is a monomer and what is a polymer? Give examples of each. 
Q. How do you know that the formation of the reddish-orange precipitate was not the result of    

impurities in the water used to formulate the sample solutions #1 to #4? 
Q. Is there a relationship between the intensity of the color formed and the glucose concentration? 
Q. What is a positive control?  What is a negative control?  Give examples of each. 

2. Iodine Test ‐ Detection of Starch  

A blue-black dark precipitate results when the yellow iodine solution is added to starches (amyloses).  
Note that the color may range from brown to purple to blue-black and depends upon the amount of starch 
present.  Iodine is thought to be trapped within the structure of the large starch molecule.   

Starch (or amylum) is composed of a large number of glucose units linked via glycosidic bonds.  It is 
synthesized by most green plants as an energy source and is the most common carbohydrate in human 
diets.  Pure starch consists of two types of molecules: the linear and helical amylose and the branched 
amylopectin (see diagram below).  Depending on the plant, starch generally consists of 20-25% amylose 
and 75-80% amylopectin w/w.   
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Glycogen is the branched version of amylopectin: 

Number test tubes 1 through 6 and pipette 1 ml of indicated solutions into each: 
       #1 - 1% glucose 
       #2 - 0.5% starch 
                                                                    #3 - lipid 
                                                                        #4 - protein 

                  #5 - distilled water (control) 
        #6 - unknown Sample 

Add 2-3 drops of iodine solution into each tube.  Swirl tubes to mix.  Observe and record results below: 

Test Tube Solution Tested Color/Results 
#1
#2
#3
#4
#5
#6

                                                 
                                                 dark blue purple blue-black 
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Q. Did any substance tested above (other than starch) show a positive test? If so, explain. 
Q. If the starch sample is heated for 5-10 minutes on the water bath, could you get a positive Benedict’s

test for reducing sugars in a sample that contain starch?  Why? [Hint: hydrolysis] 

3. Sudan IV Test ‐ Detection of Lipids/Fats/Triglycerides  

Dyes are often used to indicate the presence of certain types of molecules.  They are especially effective 
when they attach or form complexes with a specific class of molecules in a mixture.  Such is the case with 
Sudan IV (C24H20N4O, lysochrome, red-brown crystals), which binds with non-polar lipid molecules but 
does not bind to polar molecules such as water (“like dissolves like”).  A positive Sudan IV test is shown 
below:

The generalized structure of a lipid (triglyceride) is shown below: 

Number test tubes #1-6 and pipette 1 ml of the indicated solution into each: 
       #1 - 1% glucose 
       #2 -  0.5% starch 
                                                                        #3 -  lipid 
                                                                        #4 -  protein 

                    #5 -  distilled water (control) 
         #6 - unknown Sample 
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Add a very small amount of Sudan IV dye (powder) into each test tube using a toothpick.  This may be 
accomplished by picking up a few grains of the dye with a toothpick and then dropping the toothpick 
containing the Sudan IV dye powder into the solution.  Swirl tubes to mix.  Note and record all color 
changes in the table below: 

Test Tube Solution Tested Color/Results 
#1
#2
#3
#4
#5
#6

Q. Did the Sudan IV dye dissolve in any of the tubes that contained water? In what substance did it 
dissolve?  
Q. What can you conclude about the solubility of the Sudan IV dye? 
Q. What are some of the limitations of the Sudan IV test for lipids? 

4. Biuret Test ‐ Identification of Proteins  

Biuret reagent is a blue solution containing sodium hydroxide (NaOH) and copper sulfate (CuSO4) (It 
does not contain any Biuret compound).  The copper atoms of the Biuret reagent react with peptide bonds 
of a protein or polypeptide (small fragments of a protein) to produce a violet-purple color change.  A deep
violet color indicates the presence of proteins and a light pink color indicates the presence of peptides. 

The reaction of the Biuret solution with peptide bonds of results in the formation of the Biuret compound: 
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Number test tubes #1-6 and pipette 1 ml of the indicated solution into each: 
       #1 - 1% glucose 
       #2 - 0.5% starch 
                                                                  #3 - lipid 
                                                                        #4 - protein 

                   #5 - distilled water (control) 
         #6 - unknown Sample 

To each test tube, add 5 to 6 drops of the Biuret reagent.  If a purple-violet color is not obtained, add more 
of the reagent drop-by-drop, but avoid getting a blue color.  Record the final color observed in each tube 
below:

Test Tube Solution Tested Color/Results 
#1
#2
#3
#4
#5
#6

 

Q. What are some of the limitations of the Biuret test? 
Q. Why will this test be negative on completely hydrolyzed proteins? 
Q. Why might peanuts test negative for proteins when using this test? 
Q. Does the Biuret reagent contain the Biuret compound? 

***** 
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Histology: The Tissue 
Level of Organization

OBJECTIVES
Once you have completed this unit, 
you should be able to:

1. relate tissue structure to tissue 
function, and describe how 
organs are formed from two 
or more tissue types.

2. identify epithelial tissues by 
 number of layers, cell shape, 
and specializations.

3. identify and describe connective 
tissues.

4. identify and describe muscle 
and nervous tissues. 

67
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Epithelial Tissue

Simple epithelial tissue  _____________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Stratified epithelial tissue  ___________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Squamous cell  _____________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Cuboidal cell  _______________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Columnar cell  ______________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Connective Tissue

Extracellular matrix  _________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Loose connective tissue  ____________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Dense connective tissue  ____________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Cartilage  ___________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

bone _______________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

blood  ______________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Epithelial Tissue

Simple epithelial tissue _____________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

Stratified epithelial tissue ___________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

Squamous cell _____________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

Cuboidal cell _______________________________________________________________________________________________________________________

Pre-Lab Exercise 4-1
� Key Termsey Termsey T
You should be familiar with the following terms before coming to lab.You should be familiar with the following terms before coming to lab.Y

Term Term T

_____________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

___________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

ou should be familiar with the following terms before coming to lab.

PrE-LAb ExErCiSES
Complete the following exercises prior to coming to lab, using your textbook and lab manual for reference.

Epithelial T

Simple epithelial tissue 

_______________________________________________________________________________________________________________________________

Stratified epithelial tissue 

_______________________________________________________________________________________________________________________________

Squamous cell 

_______________________________________________________________________________________________________________________________

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Squamous cell 

_______________________________________________________________________________________________________________________________

Squamous cell 

_______________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

Simple epithelial tissue 

_______________________________________________________________________________________________________________________________

Stratified epithelial tissue 

_______________________________________________________________________________________________________________________________

Simple epithelial tissue 

Pre-Lab Exercise 4-1
✎ Key Terms
You should be familiar with the following terms before coming to lab.

Term Definition

Name ____________________________________________________ Section _________________ Date ______________

4
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Muscle Tissue

Striated  ____________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Skeletal muscle tissue  ______________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Cardiac muscle tissue  _______________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Smooth muscle tissue  ______________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Nervous Tissue

Neuron  ____________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Neuroglial cell  ______________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________  
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The histology labs can be some of the more intimidating and frustrating labs for beginning anatomy 
and physiology students. The subjects are somewhat abstract and unfamiliar and require use of a 
complicated tool—the microscope. The best way to approach this subject is to be systematic, and let 
your lab manual walk you through it step by step. If you get confused, don’t despair. With the help  

of this book, your lab instructor, and a little patience, you can do it! Before you begin, you may wish to review the “Hints 
and Tips” box on p. 51. 

The exercises in this unit 
introduce you to the four basic 
types of tissue: epithelial tissue, 
connective tissue, muscle tissue, 
and nervous tissue (Figure 4.1). 
All four of these tissue types 
have two main components: 

1. cells, unique for each 
tissue type, and 

2. the extracellular matrix 
(ECM), produced 
largely by the tissue’s 
cells.

ECM consists of two 
 components: ground substance 
and protein fibers. Ground 
substance is a gelatinous 
ma terial that contains water,   
ions, nutrients, large poly
saccharides, and glycoproteins. 
It enables the tissue to resist 
compression. Protein fibers  
are found within the ground 
substance and give the tissue 
distensibility (ability to stretch) 
and tension  resistance. Let’s 
now begin our exploration of 
this fascinating level of biologi
cal organization.

ExErCiSES

FigurE 4.1 The four different types of tissue

Nucleus

Cell
membrane

Basement
membrane
(lamina)

Goblet cell

Simple squamous epithelium

Simple cuboidal epithelium

Simple columnar epithelium

Collagenous fibers

Fibroblasts

Nucleus

Fat droplet

Osteocyte

Matrix

Dense regular connective tissue

Adipose tissue

Bone tissue

Nucleus

Striation

Nucleus
Striation

Intercalated disc

Nucleus

Skeletal muscle

Cardiac muscle

Smooth muscle

Schwann cell
(Neurolemmocyte)

Dendrite

Axon

Neuron

Neuroglial cell

Connective Tissue
Connective tissue functions as a binding 
and supportive tissue for all other tissues 
in the body.

Muscle Tissue
Muscle tissue is a tissue adapted to  contract. 

Nervous Tissue
Nervous tissue functions to receive stimuli and 
transmit signals from one part of the body to 
 another.

Epithelial Tissue
Epithelial tissue covers the outside of the body 
and lines all body cavities. Its primary function is 
to provide protection.

067-092 Unit 4 Histology.indd   71 11/15/13   12:01 PM

162 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 161 163



4

70  y  Exploring Anatomy & Physiology in the Laboratory: Core Concepts

Muscle Tissue

Striated  ____________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Skeletal muscle tissue  ______________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Cardiac muscle tissue  _______________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Smooth muscle tissue  ______________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Nervous Tissue

Neuron  ____________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Neuroglial cell  ______________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________  
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The histology labs can be some of the more intimidating and frustrating labs for beginning anatomy 
and physiology students. The subjects are somewhat abstract and unfamiliar and require use of a 
complicated tool—the microscope. The best way to approach this subject is to be systematic, and let 
your lab manual walk you through it step by step. If you get confused, don’t despair. With the help  

of this book, your lab instructor, and a little patience, you can do it! Before you begin, you may wish to review the “Hints 
and Tips” box on p. 51. 

The exercises in this unit 
introduce you to the four basic 
types of tissue: epithelial tissue, 
connective tissue, muscle tissue, 
and nervous tissue (Figure 4.1). 
All four of these tissue types 
have two main components: 

1. cells, unique for each 
tissue type, and 

2. the extracellular matrix 
(ECM), produced 
largely by the tissue’s 
cells.

ECM consists of two 
 components: ground substance 
and protein fibers. Ground 
substance is a gelatinous 
ma terial that contains water,   
ions, nutrients, large poly
saccharides, and glycoproteins. 
It enables the tissue to resist 
compression. Protein fibers  
are found within the ground 
substance and give the tissue 
distensibility (ability to stretch) 
and tension  resistance. Let’s 
now begin our exploration of 
this fascinating level of biologi
cal organization.

ExErCiSES

FigurE 4.1 The four different types of tissue
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Cell
membrane

Basement
membrane
(lamina)

Goblet cell

Simple squamous epithelium

Simple cuboidal epithelium
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Fat droplet
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Adipose tissue

Bone tissue

Nucleus
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Nucleus
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Nucleus

Skeletal muscle

Cardiac muscle

Smooth muscle

Schwann cell
(Neurolemmocyte)

Dendrite

Axon

Neuron

Neuroglial cell

Connective Tissue
Connective tissue functions as a binding 
and supportive tissue for all other tissues 
in the body.

Muscle Tissue
Muscle tissue is a tissue adapted to  contract. 

Nervous Tissue
Nervous tissue functions to receive stimuli and 
transmit signals from one part of the body to 
 another.

Epithelial Tissue
Epithelial tissue covers the outside of the body 
and lines all body cavities. Its primary function is 
to provide protection.
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Epithelial (ep-ih-THEE-lee-ul) tissues are our covering and lining tissues. 
They are found covering body surfaces, lining body passageways and 
body cavities, and forming glands. Epithelia predominantly contain 
cells called epithelial cells, and their ECM is limited mostly to the 
space underneath the cells in a layer called the basal lamina (bAY-zul 
LAM-in-uh). The basal lamina adheres to another layer of ECM pro
duced by the connective tissues deep to the epithelium, and together, 
these two structures are called the basement membrane. 

Epithelial tissues have no blood vessels to supply them directly 
and rely on oxygen and nutrients diffusing up from deeper tissues. 
For this reason, epithelial tissues can be only a certain number of cell 
layers in thickness. If they are too thick, oxygen and nutrients will 
not reach the more superficial cells, and they will die. 

The many types of epithelia are classified according to the number of cell layers and the shape of the epithelial cells. 
The classes include the following (Figure 4.2):

1. Simple epithelia have only one layer of cells and include:

a. Simple squamous epithelium. This type of epithelium, shown in Figure 4.2A, consists of a single layer of flat cells 
also known as squamous (SQWAY-mus) cells with a flattened nucleus. We often find simple squamous epithelium in 
places where substances have to cross the epithelium quickly, such as the air sacs of the lungs.

b. Simple cuboidal epithelium. Note in Figure 4.2B that the cuboidal cells of this type of epithelium are about as 
wide as they are tall, with a round, central nucleus. Simple cuboidal epithelium is found lining glands, such as the 
thyroid gland, certain respiratory passages, and in the kidneys. 

c. Simple columnar epithelium. The columnar cells of this type of epithelium, shown in Figure 4.2C, are taller than 
they are wide, with round nuclei located near the base of the cell. These cells line certain respiratory passages, 
much of the digestive tract, and the genitourinary tract. The plasma membranes of simple columnar epithelial 
cells often  contain cilia or are folded into microvilli. 

2. Stratified epithelia have two or more layers of cells and include the following:

a. Stratified squamous epithelium. This type of epithelium, shown in Figure 4.2D, consists of many layers of flattened 
cells. It is located in places subject to high degrees of mechanical stress, such as the skin, the oral cavity, the pharynx 
(throat), the anus, and the vagina. Some stratified squamous epithelium, such as that of the skin, contains the hard 
protein keratin (Figure 4.2E). Cells filled with keratin are referred to as keratinized.

b. Stratified cuboidal epithelium and stratified columnar epithelium. Both of these types of epithelium are rare in the 
human body (they are not included in Figure 4.2) and are found lining the ducts of certain glands. 

Exercise 4-1
Epithelial Tissue

MATEriALS

 ❑ Epithelial tissue slides

 ❑ Light microscope

 ❑ Colored pencils

A

Simple epithelial cells Nuclei

FigurE 4.2 Epithelial tissues: (A) simple squamous epithelium from the lungs (continues)

72  y  Exploring Anatomy & Physiology in the Laboratory: Core Concepts

067-092 Unit 4 Histology.indd   72 11/15/13   12:01 PM

164 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 161 165



4

B

Cuboidal epithelial cells

Nuclei

Basement  membrane

C

Nuclei

Cilia

Simple columnar cells

FigurE 4.2 Epithelial tissues (cont.): (B) simple cuboidal epithelium from the kidney; (C) simple ciliated columnar 
epithelium from the uterine tube; (D) stratified squamous nonkeratinized epithelium from the vagina (continues)

D

Stratified squamous 
epithelial cells

Basement membrane

Nuclei

Loose connective tissue

Basement membrane
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Not all epithelial tissues fit this classification scheme. One such epithelial tissue is called transitional epithelium 
 (Figure 4.2F), also called urinary epithelium. This type of epithelial tissue is stratified but is not classified by its shape 
because its cells can change shape. Typically, the surface cells are domeshaped, but when the tissue is stretched, they 
 flatten and are squamous in appearance. Transitional epithelium is found lining the urinary bladder and ureters. 

Another type of epithelial tissue that does not fit neatly into this classification system is pseudostratified (soo-doh-
STrAT-ih-fyed; pseudo 4 false) ciliated columnar epithelium. This epithelium has the appearance of having many layers  
but actually has only one layer of cells (Figure 4.2G). Note that this type of epithelium usually has cilia, and the cell shape 
is always columnar. It is found lining the nasal cavity and much of the respiratory tract. 

F

Nuclei

Loose connective tissue

Transitional  
epithelial cells

Basement membrane

FigurE 4.2 Epithelial tissues (cont.): (E) stratified squamous keratinized epithelium from the skin;  
(F) transitional epithelium from the urinary bladder (continues)

E

Keratin-filled stratified 
squamous epithelial 

cells (dead)

Keratin-producing 
stratified squamous 
epithelial cells

Loose connective tissue

Basement membrane
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FigurE 4.2 Epithelial tissues (cont.): (G) pseudostratified ciliated columnar epithelium from the trachea

G Cilia

Goblet cell

Simple cuboidal 
 epithelium (from a gland)

Pseudostratified 
epithelial cells

Nuclei

Loose connective tissue

How to Approach Epithelium
before you start, remember how to approach any slide: First examine the slide with the naked eye, then 
begin on low power and scan the slide, and advance progressively to higher power to see details. use 
Figure 4.2 as a guide—if your slide looks nothing like the tissue in Figure 4.2, scroll around the slide, 
and keep looking. but do not rely completely on Figure 4.2, because the slides your lab uses may be 
prepared with different stains or from  different tissues. A few simple things will help you distinguish 
epithelial tissues from other tissues, including:

 Epithelial tissues lack blood vessels, so you won’t see any in epithelium.

 Epithelial tissues are often on the outer edge of the slide. Keep in mind that most slides have 
 several  tissues in each section. To find the epithelial tissue, scroll to one end of the slide or the 
other.

 Epithelial tissues consist mostly of cells. if you aren’t sure if something is a cell, look for a nucleus. 
if you can see a nucleus, you typically will be able to see the plasma membrane surrounding the 
cell as well, which will help you  define borders between cells.

HiNTS   TiPS
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Procedure 1 Microscopy of Epithelial Tissues
Examine prepared slides of the following epithelial tissues. Use colored pencils to draw what you see under 
the microscope, and label your drawings with the terms from Figure 4.2. Then (a) describe what you see, and 

(b) give examples of locations in the body where this tissue is found. 

1 Simple squamous epithelium 2 Simple cuboidal epithelium

a  ___________________________________________________ a  ________________________________________________

 ___________________________________________________  ________________________________________________

b  ___________________________________________________ b  ________________________________________________

 ___________________________________________________  ________________________________________________

3 Simple columnar epithelium 4 Stratified squamous nonkeratinized epithelium

a  ___________________________________________________ a  ________________________________________________

 ___________________________________________________  ________________________________________________

b  ___________________________________________________ b  ________________________________________________

 ___________________________________________________  ________________________________________________
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5 Transitional epithelium 6 Pseudostratified ciliated columnar epithelium

a  ___________________________________________________  a  ________________________________________________

  ___________________________________________________    ________________________________________________

b  ___________________________________________________  b  ________________________________________________

  ___________________________________________________    ________________________________________________
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Connective tissues (CT) are found throughout the body. They have a 
variety of functions, most of which serve to connect, as their name 
implies (blood is an exception). Connective tissues are distinguished 
easily from epithelial tissues by the prominence of their extracellular 
matrices. Typically, connective tissues contain few cells and have an 
extensive ECM consisting of ground substance and three main types 
of protein fibers: 

1. collagen fibers, which give a tissue tensile strength, 

2. elastic fibers, which make a tissue distensible, and 

3. thin reticular fibers that interweave to form networks that 
support blood vessels, nerves, and other structures. 

The four general types of connective tissue (CT) are as follows (Figure 4.3):

1. Connective tissue proper. Connective tissue proper, the most widely distributed class of connective tissue in the 
body, consists of scattered cells called fibroblasts (FY-broh-blastz) that secrete an extensive ECM filled with many 
types of protein fibers. This tissue is highly vascular with an extensive blood supply. The subclasses of CT proper 
include the following:

a. Loose (areolar) CT. You can see in Figure 4.3A that the primary element in loose CT is ground substance, 
which gives it a “loose” appearance on a slide. All three types of protein fibers are scattered in loose CT 
ground substance. Loose CT is found as part of the basement membrane and in the walls of hollow organs.

b. Reticular CT. As you can guess by the name, reticular CT consists of many reticular fibers produced by cells 
called reticular cells (Figure 4.3B). It is located in the spleen and lymph nodes, where the fine reticular fibers 
interweave to form “nets” that trap pathogens and foreign cells. Reticular CT also is located around blood 
vessels and nerves, where it forms supportive networks.

c. Adipose tissue. Notice in Figure 4.3C that adipose tissue (fat tissue) has a much different appearance than 
the other types of CT proper. It consists mostly of cells, with little visible ECM, and the huge cells are called 
adipocytes (AD-ih-poh-sytz). Each adipocyte contains a large lipid droplet that occupies most of its cytoplasm. 
The nucleus and other organelles are barely visible, because they are pushed to the periphery of the cell against 
the plasma membrane. Adipose tissue is distributed widely throughout the body under the skin and around 
organs.

d. Dense CT. The difference between loose and dense CT is obvious in Figure 4.3D—dense consists primarily 
of protein fibers, and loose is mostly ground substance. The protein fibers may be arranged in parallel bundles 
or in an irregular, haphazard fashion without a consistent pattern. This tissue is quite strong and is located in 
places that require a great deal of tensile strength, such as the dermis of the skin, tendons, and joint and organ 
capsules. 

2. Cartilage. Cartilage is a tough but flexible tissue resistant to tension, twisting, and compressive forces. It consists 
of cells called chondrocytes (KAHN-droh-sytz) located in cavities embedded in the ECM. Cartilage is notable among 
the connective tissues for lacking blood vessels. Each of the three types of cartilage has a different ECM 
composition. 

a. Hyaline cartilage. Notice in Figure 4.3E that hyaline (HY-uh-lin) cartilage contains mostly chondrocytes scattered 
in ground substance with few visible protein fibers. This lack of protein fibers gives hyaline cartilage a smooth, 
glassy appearance and makes it an ideal tissue to cover the ends of bones where they form joints with another 
bone. The smooth texture of hyaline cartilage provides a nearly frictionless surface on which bones can articu
late. Hyaline cartilage also is found in the nose, connecting the ribs to the sternum, and forming the framework 
for certain respiratory passages.

b. Fibrocartilage. As you can see in Figure 4.3F, fibrocartilage is named appropriately, because it is full of protein 
fibers (mostly collagen). This makes fibrocartilage tough and extremely strong but not at all smooth (think of 
the surface of fibrocartilage like a flannel sheet, with the cotton fibers representing the protein fibers). For this 
reason, fibrocartilage does not cover the ends of bones, but it does reinforce ligaments and form articular 
discs, tough structures that improve the fit of two bones. In addition, fibrocartilage is found in joints where 
hyaline cartilage has been damaged. 

Exercise 4-2
Connective Tissue

MATEriALS

 ❑ Connective tissue slides

 ❑ Light microscope

 ❑ Colored pencils
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c. Elastic cartilage. The final type of cartilage, elastic cartilage, is shown in Figure 4.3G. It is filled with elastic 
fibers that allow it to stretch and recoil. Elastic cartilage is found in the ear and in the epiglottis. 

3. Bone. Bone tissue, also called osseous (AH-see-us) tissue, consists of bone cells called osteocytes encased in an 
ECM that contains collagen fibers and calcium crystals. Note in Figure 4.3H that the ECM is arranged in 
 concentric layers called lamellae (lah-MEL-ee), with the osteocytes sandwiched between them. This structure  
makes bone the hardest tissue in the body and the most resistant to mechanical stresses. 

4. Blood. Blood (Figure 4.3I) is unique in that it is the only connective tissue that doesn’t actually connect anything 
physically. It consists of cells called red blood cells and white blood cells, cellular fragments called platelets, and 
an ECM called plasma.

FigurE 4.3 Connective tissues: (A) loose (areolar) CT; (B) reticular CT from the spleen (continues)

A

B

Collagen fibers (thick)

Reticular cells

Elastic fibers (thin)

Fibroblast nuclei

Reticular fibers
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FigurE 4.3 Connective tissues (cont.): (C) adipose tissue; (D) dense collagenous CT from a tendon;  
(E) hyaline cartilage from a joint (continues)

C

D

Bundles of  
collagen fibers

Fibroblast nuclei

Ground substance

Adipocyte nucleus

Lipid (fat) droplet

Adipocyte plasma 
membrane

Adipocyte

E

Chondrocytes in lacunae

Extracellular matrix
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F

FigurE 4.3 Connective tissues (cont.): (F) fibrocartilage from an articular disc;  
(G) elastic cartilage from the ear; (H) bone tissue; (continues)

Chondrocytes in lacunae

Bundles of collagen fibers

G

H

Osteocytes in lacunae Lamellae containing 
collagen fibers and 
calcium salts in the 
extracellular matrix

Bundles of elastic fibers

Chondrocytes in lacunae
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FigurE 4.3 Connective tissues (cont.): (C) adipose tissue; (D) dense collagenous CT from a tendon;  
(E) hyaline cartilage from a joint (continues)

C

D

Bundles of  
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Fibroblast nuclei
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Lipid (fat) droplet

Adipocyte plasma 
membrane
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Chondrocytes in lacunae

Extracellular matrix
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F

FigurE 4.3 Connective tissues (cont.): (F) fibrocartilage from an articular disc;  
(G) elastic cartilage from the ear; (H) bone tissue; (continues)
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I

FigurE 4.3 Connective tissues (cont.): (I) blood

Leukocytes 
(white blood cells) Erythrocytes 

(red blood cells)

How to Approach Connective Tissue
Students typically find connective tissue the most difficult tissue to identify. Don’t let this scare you away. Simply take care 
to approach these slides systematically in the same manner you do the epithelial slides, and use Figure 4.3 as a guide. The 
following points will help you identify the various connective tissues and differentiate them from other tissue types:

 The cells typically are not densely packed together, and you usually will see a large amount of space between  connective 
tissue cells. remember to look for the nucleus and plasma membrane to discern the borders of a cell.

 generally connective tissue, particularly connective tissue proper, contains a lot of ground substance and protein fibers 
in the extracellular matrix. One exception is adipose tissue, which consists of densely packed adipocytes filled with a 
large lipid droplet.

 Many types of CT can be distinguished by the types of fibers they contain:

1. reticular fibers are the thinnest fibers, which typically stain brown or black. Look for reticular fibers in loose and 
reticular CT.

2. Collagen fibers are thick fibers that often stain pink. Look for collagen fibers in fibrocartilage, dense CT, and loose CT.

3. Elastic fibers are fairly thick and may have a wavy appearance. They are thinner than collagen fibers. Their color 
ranges from purple-black to blue, depending on the stain used. Look for them in elastic cartilage and loose CT.

 Cartilage is easy to discern from CT proper by looking at the shape of the cells. Fibroblasts are generally small and flat, 
whereas chondrocytes are much larger and round. in addition, chondrocytes sit in cavities.

 blood and bone are perhaps the two easiest tissues you will examine in this lab. They should look much like they do in 
Figure 4.3, and no other tissues resemble them.

HiNTS   TiPS
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Procedure 1 Microscopy of Connective Tissue Proper
View prepared slides of each type of connective tissue proper. Use colored pencils to draw pictures of what you 
see under the microscope, and label your drawings with the terms from Figure 4.3. Then (a) describe what you 

see, and (b) give examples of locations in the body where this tissue is found. 

1 Loose (areolar) CT 2 Reticular CT

a  ___________________________________________________  a  ________________________________________________

 ___________________________________________________  ________________________________________________

b  ___________________________________________________ b  ________________________________________________

 ___________________________________________________  ________________________________________________

3 Adipose tissue 4 Dense CT

a  ___________________________________________________ a  ________________________________________________

 ___________________________________________________  ________________________________________________

b  ___________________________________________________ b  ________________________________________________

 ___________________________________________________  ________________________________________________
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Procedure 2 Microscopy of Cartilage
View prepared slides of the three types of cartilage. Use colored pencils to draw pictures of what you see under 
the microscope, and label your drawings with the terms from Figure 4.3. Then (a) describe what you see, and 

(b) give examples of locations in the body where this tissue is found. 

1 Hyaline cartilage 2 Fibrocartilage

a  ___________________________________________________ a  ________________________________________________

 ___________________________________________________  ________________________________________________

b  ___________________________________________________ b  ________________________________________________

 ___________________________________________________  ________________________________________________

3 Elastic cartilage

a  ________________________________________________

 ________________________________________________

b  ________________________________________________

 ________________________________________________
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Procedure 3 Microscopy of bone and blood
View prepared slides of bone and blood. Use colored pencils to draw pictures of what you see under the micro
scope, and label your drawings with the terms in Figure 4.3. Then (a) describe what you see, and (b) give examples 

of locations in the body where this tissue is found. 

1 Bone  2 Blood

a  ___________________________________________________  a  ________________________________________________

 ___________________________________________________  ________________________________________________

b  ___________________________________________________ b  ________________________________________________

 ___________________________________________________  ________________________________________________
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Muscle tissue is located in skeletal muscles, in the walls of hollow 
organs, in the heart, and in other locations, such as the iris of the 
eye. It consists of muscle cells, sometimes called muscle fibers, and a 
small amount of ECM called the endomysium (en-doh-MY-see-um). 
Notice in Figures 4.4A–C that muscle fibers aren’t shaped like the 
cells you are accustomed to seeing. For this reason, muscle tissue is 
easy to discern from the other tissue types. 

There are three types of muscle tissue:

1. Skeletal muscle tissue. The muscle fibers of skeletal muscle 
 tissue are long, tubular, and striated (striped) in appearance 
with multiple nuclei (Figure 4.4A). The striations result from 
the arrangement of proteins within the muscle fiber. 

2. Cardiac muscle tissue. The cells of cardiac (KAr-dee-ak) muscle tissue, located in the heart, are short, fat, striated, 
and tend to be branching (Figure 4.4B). Adjacent myocytes are linked by specialized junctions called intercalated 
 (in-Tur-kuh-lay-tid) discs. Cardiac myocytes typically have only one nucleus, but some may have two or more.

3. Smooth muscle tissue. The cells of smooth muscle tissue are flat with one nucleus in the center of the cell (Figures 
4.4C and 4.4D). The arrangement of proteins within smooth muscle fibers differs from that of skeletal and cardiac 
muscle fibers, and as a result, these cells lack noticeable striations (hence the name smooth muscle). It lines all 
hollow organs and is found in the skin, the eyes, and surrounding many glands.

Exercise 4-3
Muscle Tissue

MATEriALS

 ❑ Muscle tissue slides

 ❑ Light microscope

 ❑ Colored pencils
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A

B

FigurE 4.4 Muscle tissue: (A) skeletal muscle tissue; (B) cardiac muscle tissue; (C) teased muscle cells;  
(D) smooth muscle cells in tissue

D
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Nuclei of smooth 
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Procedure 1 Microscopy of Muscle Tissue
View prepared slides of skeletal, smooth, and cardiac muscle tissue. Use colored pencils to draw what you see 
under the microscope, and label your drawing with the terms from Figure 4.4. Record your observations of each 

slide in Table 4.1. 

1 Skeletal muscle 2 Cardiac muscle

a  ___________________________________________________ a  ________________________________________________

 ___________________________________________________  ________________________________________________

b  ___________________________________________________ b  ________________________________________________

 ___________________________________________________  ________________________________________________

3 Smooth muscle

a  ________________________________________________

 ________________________________________________

b  ________________________________________________

 ________________________________________________
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TAbLE 4.1 Characteristics of Muscle Tissues

Muscle Tissue Type
Striated or 
Nonstriated

One or Multiple 
Nuclei

Size and Shape of Cells Special Features

Cardiac muscle

Skeletal muscle

Smooth muscle
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Nervous tissue (Figure 4.5) is the primary component of the brain, 
the spinal cord, and the peripheral nerves. It consists of a unique 
ECM and two main cell types:

1. Neurons. The neurons (NOOr-ahns) are responsible for sending 
and receiving messages within the nervous system. On your 
slide they are the larger of the two cell types. The large, central 
portion of the neuron is called the cell body. Within the cell 
body we find the nucleus and most of the neuron’s organelles. 
Most neurons contain two types of long armlike processes 
extending from the cell body—the dendrites (DEN-drytz), which 
receive messages from other neurons, and the axon (Ax-ahn), 
which sends messages to other neurons, muscle cells, or gland 
cells. 

2. Neuroglial cells. The smaller and more 
numerous cells around the neurons 
are the neuroglial (noor-oh-gLEE-ul) 
cells. The six different types of neuroglial 
cells vary  significantly in shape and 
appearance. Neuroglial cells in general 
 perform functions that support the 
neurons in some way.

Procedure 1 Microscopy of Nervous Tissue
View a prepared slide of nervous tissue (the slide might be called a “motor neuron smear”). Use colored pencils 
to draw a picture of what you see under the microscope, and label your drawing with the terms from Figure 4.5. 

Then (a) describe what you see, and (b) give examples of locations in the body where this tissue is found. 

Nervous tissue

  a  ________________________________________________

 ________________________________________________

b  ________________________________________________

 ________________________________________________

Exercise 4-4
Nervous Tissue

MATEriALS

 ❑ Nervous tissue slides

 ❑ Light microscope

 ❑ Colored pencils

FigurE 4.5 Nervous tissue

Neuronal 
processes

Neuron 
cell body

Nuclei of 
 neuroglial cells

Neuron
nucleolus

Neuron 
nucleus
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1 Identify each of the following tissues in Figure 4.6.

a ____________________________________________

b ____________________________________________

c ____________________________________________

d ____________________________________________

Name  

Section  Date  

UNIT

4
QUIZ

CA B D

FigurE 4.6 unknown tissues for question 1

2 List the four basic tissue types:

______________________________________________ ________________________________________

______________________________________________ ________________________________________

3 Fill in the blanks: All tissues consist of two main components: ________________________ and ________________________.

4 Which of the following statements about epithelial tissues is false?

a. Epithelial tissues lack blood vessels.

b. Epithelial tissues consist of few cells and an extensive ECM.

c. The ECM of epithelial tissues is located in the basal lamina.

d. Epithelial tissues are our covering and lining tissues.

5 How do simple and stratified epithelial tissues differ?

 ____________________________________________________________________________________________________________________

 ____________________________________________________________________________________________________________________

 ____________________________________________________________________________________________________________________

6 Which of the following statements about connective tissue is false?

a. All connective tissues stem from a common embryonic tissue.

b. Connective tissues may contain three types of protein fibers: collagen, elastic, and reticular fibers.

c. Most connective tissues are highly vascular, with the exception of cartilage.

d. Most connective tissues consist largely of cells with little ECM.
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 7 How do loose and dense connective tissues differ?

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

 8 Which of the following statements about muscle tissue is true?

a. Skeletal muscle and cardiac muscle tissues have no striations.

b. Smooth muscle tissue is found in the heart.

c. The cells of skeletal muscle tissue are long, tubular, and multinucleated.

d. Smooth muscle cells are joined by intercalated discs.

 9 Fill in the blanks: Nervous tissue is composed of ______________________________ and ______________________________.

10 The formation of fibrocartilage is a common response to injury of hyaline cartilage. Do you think fibrocartilage 
would provide an articular surface (i.e., the cartilage in joints) as smooth as the original hyaline cartilage? Why or 
why not?

__________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________

11 Explain how the structure of each of the following tissues follows its function:

a Simple squamous epithelium

 ______________________________________________________________________________________________________________

 ______________________________________________________________________________________________________________

b Hyaline cartilage

 ______________________________________________________________________________________________________________

 ______________________________________________________________________________________________________________

c Bone

 ______________________________________________________________________________________________________________

 ______________________________________________________________________________________________________________

12 When muscle tissue dies, it usually is replaced with dense irregular collagenous connective tissue. How do these 
 tissues differ in structure? Will the muscle be able to function normally? Why or why not?

__________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________
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Integumentary System

OBJECTIVES
Once you have completed this unit, 
you should be able to:

1. Identify structures of the 
 integumentary system.

2. Describe the gross and 
 microscopic structure of 
thick and thin skin. 

93

5
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Epidermal Structures

Epidermis ___________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Keratinocyte  ________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Melanocyte  ________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Structures of the Dermis

Dermis _____________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Dermal papillae _____________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Lamellated (Pacinian) corpuscle _____________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Tactile (Meissner’s) corpuscle ________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Other Structures

Hypodermis _________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Sweat gland ________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Sebaceous gland  ___________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Hair follicle _________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Epidermal Structures

___________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

eratinocyte ________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

Melanocyte ________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

Structures of the Dermis

Dermis

Pre-Lab Exercise 5-1
� Key Termsey Termsey T
You should be familiar with the following terms before coming to lab.You should be familiar with the following terms before coming to lab.Y

Term Term T

___________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

Dermis

ou should be familiar with the following terms before coming to lab.

PrE-LAB EXErCISES
Complete the following exercises prior to coming to lab, using your textbook and lab manual for reference.

Epidermis___________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

eratinocy

_______________________________________________________________________________________________________________________________

Melanocy

_______________________________________________________________________________________________________________________________

MelanocyMelanocyMelanocy

_______________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

Epidermis

_______________________________________________________________________________________________________________________________

Keratinocy

_______________________________________________________________________________________________________________________________

Epidermis

Pre-Lab Exercise 5-1
✎ Key Terms
You should be familiar with the following terms before coming to lab.

Term Definition

Name ____________________________________________________ Section _________________ Date ______________
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Nails ________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Arrector pili muscle _________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Label and color the structures of the 
skin depicted in Figure 5.1 with the 
following terms from Exercise 5-1. 
Use your text and Exercise 5-1 in this 
unit for reference.

� Epidermis

� Dermis

� Papillary layer

� Reticular layer

� Dermal papillae

� Blood vessels

� Sweat gland

� Sweat duct

� Sweat pore

� Sebaceous gland 

� Hypodermis

Nerves
� Lamellated (Pacinian) corpuscle

� Tactile (Meissner’s) corpuscles

Hair
� Hair follicle

� Hair shaft

� Arrector pili muscle

� Hair root

Nail
� Nail matrix

� Nail fold (proximal and lateral)

� Nail plate

Pre-Lab Exercise 5-2
Skin Anatomy

FIGURE 5.1 Structures of the integument: (A) skin section; (B) nail anatomy

A

B
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Although the skin is the largest organ in the body, most people don’t realize it is actually an organ. 
Like all organs, the skin is composed of several tissue types, including several layers of epithelial tissue, 
connective tissue, muscle tissue, and nervous tissue. In the following exercises you will examine the 

tissues of this organ, along with the other structures of the integumentary system. 

The integumentary (in-TEg-yoo-MEN-tuh-ree) system is composed 
of the skin (the integument) and its accessory structures: the hair, 
glands, and nails. The skin is composed of two layers, the epidermis 
and the dermis (Figure 5.2). The tissue beneath the dermis, sometimes 
called the hypodermis or the subcutaneous tissue, connects the skin 
to the underlying tissues and is not considered part of the integument. 

The epidermis contains layers (or strata) of stratifi ed squamous 
keratinized epithelium. From superfi cial to deep, the layers are as 
follows:

1. Stratum corneum (KOHr-nee-um). This superfi cial layer is 
composed of dead cells called keratinocytes (KAIr-ah-tin-oh-
sytz). Under microscopic examination, the cells of the stratum 

corneum bear little resemblance to living cells and have a dry, fl aky appearance. These cells contain a hard protein 
called keratin that protects the underlying layers of cells.

2. Stratum lucidum (LOO-sid-um). This is a single layer of translucent, dead cells found only in the skin of the palms 
and the soles of the feet.

3. Stratum granulosum (gran-yoo-LOH-sum). The superfi cial cells of the stratum granulosum are dead, but the deeper 
cells are alive. This layer is named for the cells’ cytoplasmic granules, which contain the protein keratin and an 
oily waterproofi ng substance.

EXErCISES

Exercise 5-1
Skin Anatomy 
and Accessory Structures

MATErIALS

 ❑ Skin models and diagrams

 FIgurE 5.2 Skin section

Cutaneous blood vessels

Adipose tissue

Hair
bulb

Sweat glands

Hair follicle

Arrector pili muscle

Sebaceous gland

Sweat duct

Stratum basale

Stratum corneum

Shaft of hair

Hypodermis

Dermis

Epidermis

Lamellated
(Pacinian)
corpuscle

Tactile (Meissner’s) corpuscle

Dermal papillae

Sweat pore

Hair
root
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4. Stratum spinosum (spin-OH-sum). The first actively metabolizing cells are encountered in the stratum spinosum. 
The pigment melanin (MEL-uh-nin) is found in this layer, which provides protection from UV light. It also decreases 
production of vitamin D so the body does not overproduce it.

5. Stratum basale (bay-ZAY-lee). The stratum basale is the deepest layer and contains a single row of actively dividing 
cells. 

Why does the epidermis have so many dead cells? Recall that the epidermis is composed of epithelial tissue, and 
 epithelial tissue lacks blood vessels. All epithelial tissues require oxygen and nutrients to diffuse up from the deeper 
 tissues. In the case of the epidermis, this deeper tissue is the dermis. Only the cells of the deeper parts of the  stratum 
 granulosum, the stratum spinosum, and the stratum basale are close enough to the blood supply in the dermis to get 
 adequate oxygen and nutrients for survival. As the cells migrate farther away from the blood supply, they begin to die. 

Immediately deep to the stratum basale of the epidermis is the dermis. The dermis is composed of highly vascular 
connective tissue and contains two layers:

1. Papillary layer. The superficial papillary layer is composed of loose connective tissue. It contains fingerlike projections 
called the dermal papillae (pa-PIL-ee) that project into the epidermis. These dermal papillae contain touch receptors 
called tactile (or Meissner’s) corpuscles and capillary loops that provide blood to the epidermis. 

2. Reticular layer. The thick reticular layer is composed of dense irregular collagenous connective tissue. It houses 
structures such as glands, blood vessels, and pressure receptors called lamellated corpuscles (also known as Pacinian 
corpuscles). 

Both hair and nails are considered accessory structures of the integumentary system (Figure 5.3). A hair consists of 
two basic parts: (1) the long, slender shaft composed of dead keratinized cells, which projects from the skin’s surface, and 
(2) the hair root or bulb embedded in the dermis (Figure 5.3A). The structure surrounding the hair bulb is an epithelial 
tissue–lined sheath known as the hair follicle. Small bands of smooth muscle called arrector pili (ar-EK-tur PEE-lee) muscles 
attach to hair follicles and function to pull the hairs into an upright position.

Like hairs, nails are composed primarily of dead, keratinized cells (Figure 5.3B). A nail consists of a nail plate 
 surrounded by folds of skin on all three sides, known as nail folds. The nail plate is formed by a group of dividing cells 
proximal to the nail fold called the nail matrix. 

Other accessory structures of the integumentary system are its sebaceous (se-BAY-shus) glands and the sweat glands, 
both exocrine glands that secrete their products onto the skin’s surface. Sebaceous glands secrete sebum (oil) into a hair 
follicle, and sweat glands secrete sweat through a small pore.

Free edge

Lateral nail fold

Nail matrix

Epidermis Dermis Phalanx

Hyponychium

Proximal nail fold
Eponychium

Nail plate

Lunula

Lunula

Nail plate
Eponychium

Hair papilla
Hair bulb

Connective tissue sheath

Hair root

Arrector pili muscle

Sebaceous gland

Hair shaft

Hair follicle

Free edge

Lateral nail fold

Nail matrix

Epidermis Dermis Phalanx

Hyponychium

Proximal nail fold
Eponychium

Nail plate

Lunula

Lunula

Nail plate
Eponychium

Hair papilla
Hair bulb

Connective tissue sheath

Hair root

Arrector pili muscle

Sebaceous gland

Hair shaft

Hair follicle

FIgurE 5.3 (A) Hair structure; (B) nail anatomy

A
B
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Procedure 1 Model Inventory for the Integumentary System 
Identify the following structures of the integumentary system on models and diagrams, using your  
textbook and this unit for reference. As you examine the anatomical models and diagrams, record  
on the model inventory in Table 5.1 the name of the model and the structures you were able to identify. 

Structures of the Skin
1. Epidermal layers

a. Stratum corneum
b. Stratum lucidum
c. Stratum granulosum
d. Stratum spinosum
e. Stratum basale

2. Dermal layers
a. Papillary layer
b. Reticular layer

3. Dermal papillae
4. Blood vessels
5. Nerves:

a. Lamellated (Pacinian) corpuscle
b. Tactile (Meissner’s) corpuscles

Other Structures
1. Sweat gland

a. Sweat duct
b. Sweat pore

2. Hair
a. Hair follicle
b. Hair shaft
c. Arrector pili muscle
d. Hair root

3. Nail
a. Nail matrix
b. Nail fold (proximal and lateral)
c. Nail plate

4. Sebaceous gland 
5. Hypodermis

TABLE 5.1 Model Inventory for the Integumentary System

Model/Diagram Structures Identified
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In this exercise we will examine prepared slides of skin from different 
regions of the body so we can compare and contrast two types 
of skin: (1) thick skin, found on the palms and soles of the feet, and 
(2) thin skin, found everywhere else (Figure 5.4). 

Before moving on, you may wish to review the basics of 
 microscopy from Unit 3. Remember to follow a step-by-step 
approach when examining the slides: Look at the slide with the 
naked eye � rst, then begin your examination on low power, and 
advance to higher power to see more details.

Exercise 5-2
Histology of Integument

MATERIALS

 � Slide of thick skin

 � Slide of thin skin

 � Light microscope

 � Colored pencils

FIGURE 5.4 Photomicrographs 
of (A) thick skin, and (B) thin 
skin

B

Stratum corneum

Sebaceous gland

Hair follicle

Dense irregular CT of the 
reticular layer of the dermis

A

Duct of sweat gland

Sweat gland

Loose connective tissue of the 
papillary layer of the dermis

Stratum corneum

Dermal papillae

Stratum lucidum

Dense irregular connective tissue 
of the reticular layer of the dermis

Loose CT of the papillary 
layer of the dermis

Dermal papillae
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Procedure 1 Microscopy of Thick Skin
Obtain a prepared slide of thick skin (which may be labeled “palmar skin”), and examine it with the naked eye 
to get oriented. After you are oriented, place the slide on the stage of the microscope, and scan it on low power. 

You should be able to see the epidermis with its superfi cial layers of dead cells and the dermis with its pink clusters of 
 collagen bundles that make up the dense irregular collagenous connective tissue. Advance to higher power to see the cells 
and associated structures in greater detail.

Use your colored pencils to draw what you see in the fi eld of view (you will be able to see the most structures on low 
power). Label your drawing with the following terms, using Figure 5.4 for  reference. When you have completed your 
drawing, fi ll in Table 5.2.

1. Epidermis
a. Stratum corneum
b. Stratum lucidum
c. Stratum granulosum
d. Stratum spinosum
e. Stratum basale

2. Dermis
a. Dermal papillae
b. Collagen bundles
c. Sweat gland
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Procedure 2 Microscopy of Thin Skin
Obtain a prepared slide of thin skin (which may be called “scalp skin”). As before, examine the slide with the 
naked eye, then scan the slide on low power, advancing to higher power as needed to see the structures more 

clearly. 
Use your colored pencils to draw what you see in the fi eld of view (you will be able to see the most structures on low 

power). Label your drawing using the following terms, using Figure 5.4 for reference. When you have completed your 
drawing, fi ll in the remainder of Table 5.2.

1. Epidermis
a. Stratum corneum
b. Stratum granulosum
c. Stratum spinosum
d. Stratum basale

2. Dermis
a. Dermal papillae
b. Collagen bundles

3. Hair follicle
4. Sebaceous gland
5. Sweat gland
6. Arrector pili muscle

TABLE 5.2 Characteristics of Thick and Thin Skin

Characteristic Thick Skin Thin Skin

Thickness of stratum corneum

Hair follicles present?

Sebaceous glands present?

Stratum lucidum present?

Arrector pili muscles present?
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1 Label the following parts of the skin on Figure 5.5.

 ❑ Arrector pili muscle

 ❑ Dermal papillae

 ❑ Dermis

 ❑ Epidermis

 ❑ Hair follicle

 ❑ Hair shaft

 ❑ Hypodermis

 ❑ Sebaceous gland

 ❑ Sweat gland 

2 The main cell type in skin is the

a. melanocyte.

b. reticulocyte.

c. monocyte.

d. keratinocyte.

3 Number the layers of the epidermis, with 1 being the most superfi cial layer and 5 being the deepest layer.

_____ Stratum lucidum

_____ Stratum basale

_____ Stratum corneum

_____ Stratum spinosum

_____ Stratum granulosum 

4 Which layers of the epidermis contain living cells?

a. Stratum granulosum only

b. Stratum corneum, stratum granulosum, stratum lucidum 

c. Stratum basale, stratum spinosum, stratum granulosum 

d. All of the layers of the epidermis contain living cells.

e. None of the layers of the epidermis contain living cells.

Name  

Section  Date  

UNIT

5
QUIZ

 FIgurE 5.5 Skin section
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 5 From where do the cells of the epidermis obtain oxygen and nutrients?

a. From blood vessels in the epidermis

b. Diffusion from blood vessels in the dermis

c. Diffusion from the air

d. From blood vessels in other epithelial tissues

 6 Oily secretions are produced by ____________ glands.

a. Sweat glands

b. Mucus glands

c. Serous glands

d. Sebaceous glands

 7 Which of the following are characteristics of thick skin? (Circle all that apply.)

a. Located over the palms and the soles of the feet

b. Contains hair and arrector pili muscles

c. Contains sweat glands

d. Very thick stratum corneum

e. Contains sebaceous glands

f. Contains a stratum lucidum

 8 The dividing cells of a nail are located in the

a. nail fold.

b. nail plate.

c. nail bed.

d. nail matrix.

 9 Explain why a superficial skin scrape (such as a paper cut) doesn’t bleed. Why don’t you bleed when a hair is pulled 
out?

 _________________________________________________________________________________________________________________

 _________________________________________________________________________________________________________________

 _________________________________________________________________________________________________________________

10 Shampoos and hair conditioners often claim to have nutrients and vitamins your hair must have to grow and be 
healthy. Taking into account the composition of hair, do you think these vitamins and nutrients will be beneficial? 
Why or why not?

 _________________________________________________________________________________________________________________

 _________________________________________________________________________________________________________________

 _________________________________________________________________________________________________________________

11 The disease bullous pemphigoid results in the destruction of proteins within the basement membrane that hold the 
epidermis and dermis together. How would this likely affect the epidermis? 

 _________________________________________________________________________________________________________________

 _________________________________________________________________________________________________________________

 _________________________________________________________________________________________________________________
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 Basic Characteristics of Epithelial Tissues
Epithelial tissues, or epithelia, cover most surfaces in the body. 
By growing downward into deeper tissues, they also form 
glands. Typically, the cells are joined by junctional complexes 
(see Chapter 2) into sheets with little intercellular material 
(Figure 3-1). (For a graphic example, recall the last time you 
peeled after a sunburn!) Epithelia rest on a basement mem-
brane that separates them from the underlying connective 
tissue (Figure 3-2). Electron micrographs reveal that the 
basement membrane is composed of a basal lamina (derived 
from the epithelial cells, Figure 3-3) and a reticular lamina 
(produced by fibroblast cells of the connective tissue, 
though some authors contend that this is an artifact of 
preparation). Blood vessels do not penetrate the basement 
membrane, making epithelia avascular.

 Epithelial Membranes
Because epithelia are avascular, the majority rely on nour-
ishment from capillaries of underlying connective tissues. 
The connective tissue also carries nerves, lymphatic vessels, 
and other structures that supply and support the epithelium 
in various ways. This results in a structural and functional 
association between an epithelium and its underlying con-
nective tissue: an epithelial membrane. Epithelial membranes 
are of three types. Mucous membranes line surfaces open to 
the external environment and often secrete mucus* (Figure 
3-4). Examples are the membranes lining the digestive, re-
spiratory, urinary, and reproductive tracts. The connective 
tissue in these locations is frequently called lamina propria. 
The pericardial, pleural, and peritoneal cavities (ventral 
body cavities) are lined by serous membranes. These are 
named pericardium, pleura, and peritoneum, respectively. 

The epithelial component of serous membranes is called  
mesothelium. Cutaneous membrane is the skin.

 Functions of Epithelia
The structures of epithelia vary depending on their functions. 
Some functions of epithelia are:

77 Mechanical protection from abrasive forces  
(e.g., epidermis of the skin).

77 Absorption of substances from the lumen (inner portion) 
of a tubular organ (e.g., intestinal epithelium). The  
luminal surface is usually modified with microvilli to  
increase the surface area and improve efficiency of 
absorption.

77 Secretion of materials (e.g., intestinal epithelium). This 
epithelium often contains single-celled, mucus-secreting 
goblet cells (see page 29).

77 Lubrication of surfaces (e.g., mesothelium of serous 
membranes).

77 Formation of a surface for diffusion (e.g., walls of lung 
alveoli and capillaries).

 Epithelial Terminology
Some important terminology associated with epithelia is il-
lustrated in Figure 3-5. If the cell is actually on the surface 
(and is not buried in the epithelium) the surface edge of the 
cell is called the free, apical, or luminal surface. The sides 
contacting other epithelial cells are called lateral surfaces, 
and the edge in contact with the basement membrane is 
called the basal surface. If the epithelium consists of more 
than one layer, the basal cells are closest to the basement 

Epithelial Tissues
3

27

* “Mucus” is a noun; “mucous” is an adjective. 
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membrane. References may also be made to the apical and 
basal poles of epithelial cells.

Epithelia are named based on two main criteria: the 
number of cell layers and the shape of the cells at the surface. 
Simple epithelia have a single layer of cells, so all cells con-
tact the basement membrane. Stratified epithelia are made 
of two or more cell layers and only the basal cells contact 
the basement membrane. Squamous cells are flat with flat-
tened nuclei. (Note: The shape of the nucleus is important 
in identifying an epithelium, because nuclei tend to be the 
most obvious part of a cell.) Cuboidal cells are as tall as 
they are wide with spherical nuclei positioned in the cell’s 
center. (Realize this is an approximation and doesn’t imply 
geometric precision!) Columnar cells are taller than wide 
and frequently have an elongated, basal nucleus. To com-
pletely name an epithelium, both the number of cell layers 
and the shape of cells at the surface must be included.

 Simple Epithelia
Simple squamous epithelium (Figure 3-6) is composed of a 
single layer of flat cells. It forms the alveoli of the lungs  
(Figure 3-7a), where it participates in forming the respiratory 
membrane through which gases diffuse, and glomerular 
capsules of the kidney where blood filtration occurs (Figure 
3-7b). Two simple squamous epithelia have special names. 
The simple squamous lining of blood vessels and the heart 
is called endothelium (Figure 3-8a); mesothelium is the  
epithelial component of serous membranes and secretes  
a lubricating fluid (Figures 3-1 and 3-8b).

Simple cuboidal epithelium (Figure 3-9) is composed of a 
single layer of cube-shaped cells. It is found in glands (Figure 
3-10a), where it is involved in secretion, and in kidney tubules 
where it is involved in secretion and absorption (Figure 3-10b), 
among other places.

Simple columnar epithelium (Figure 3-11) is made of a 
single layer of tall cells, frequently with basally positioned, 
elongated nuclei. It is typically involved in absorption and se-
cretion, and often has microvilli and goblet cells (Figure 3-12).

 Stratified Epithelia
Stratified squamous epithelium is composed of several to 
many layers of cells with the superficial layers being flattened. 
Because it is so thick, it is generally found in places subjected 
to abrasion. Keratinized stratified squamous epithelium 
(Figures 3-13 through 3-15) is found on dry surfaces (e.g., 
the skin). As basal cells divide their progeny get pushed to 
the surface and undergo changes, including accumulation  
of the protein keratin, and ultimately death. The dead cells 
so formed provide a waterproof, microbe-proof, abrasion 
barrier. 

Nonkeratinized stratified squamous epithelium (Figures 
3-13 and 3-16) is found in moist areas of the body not sub-
jected to as much abrasion (e.g., oral cavity, esophagus, and 

vagina). Unlike the keratinized variety, the surface cells are 
living and have normal nuclei.

Stratified cuboidal (Figures 3-17 and 3-18) and stratified 
columnar (Figures 3-19 and 3-20) epithelia generally consist 
of only a couple of layers. They are fairly uncommon, but 
may be found in the ducts of some glands, with the cell 
height corresponding to the duct’s size.

 Other Epithelia
Some epithelia do not conform very well to the conventional 
naming criteria. These are considered in this section.

Transitional epithelium (Figures 3-21 and 3-22) is strat-
ified and is found lining the renal calyces, urinary bladder, 
ureters, and male urethra. Also referred to as urothelium, it 
is specialized for stretching and forms a protective barrier 
against the hyperosmotic urine. When distended (stretched), 
only a few layers of flat cells are observed. In the relaxed 
state, the number of layers appears greater and the cells of 
the middle are columnar, while the surface cells are dome 
shaped and are called umbrella cells.

The surface umbrella cells are highly specialized and are 
often binucleate. Their apical membranes have thickened 
patches of the outer lipid layer. These plaques are separated 
by small regions of ordinary membrane that act as hinges 
and, along with underlying actin filaments, allow the cells to 
fold and unfold, depending on whether the epithelium is in 
the stretched or relaxed state. It is the plaques along with 
intercellular junctions that are responsible for providing 
protection against hyperosmotic urine. 

Pseudostratified ciliated columnar epithelium (PSCC)  
is not a truly stratified epithelium, because all cells are in 
contact with the basement membrane (Figures 3-2, 3-23, 
and 3-24). However, not all cells reach the surface; some 
cells are short, some are tall, and others are intermediate  
in height. This variation in cell height results in nuclei being 
seen at different levels in the epithelium, giving the false  
impression of stratification—hence “pseudostratified.” And, 
because the cells that reach the surface are taller than wide, 
the epithelium is considered to be columnar. (Remember 
that epithelia are named based on the shape of the surface 
cells.) It is most associated with the respiratory tract, where 
it lines the nasal cavity, trachea, and bronchi. Goblet cells 
produce mucus that traps dust and other particles in inspired 
air, then the cilia sweep the mucus toward the pharynx, 
where it is swallowed. Pseudostratified epithelium is also 
found in parts of the male reproductive tract (epididymis–
Figures 17-7b and 17-7c—and sometimes in the spongy  
urethra—17-9e).

 Glandular Epithelia
Glandular epithelia are specialized for secreting materials. 
They develop from typical lining epithelium that grows 
down (invaginates) into deeper tissues during embryonic 
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development and as such is not found on the surface. Exocrine 
glands remain connected to the surface and deliver their 
secretion to it by way of a duct. They are the subjects of this 
section. Endocrine glands (Chapter 10) lose the connection 
to the surface during development. Their secretion diffuses 
into the blood where it is distributed throughout the body.

Unicellular glands are represented by the abundant goblet 
cells of the respiratory and digestive tracts (Figure 3-25). 
Goblet cells secrete mucinogen, which converts to mucin 
when hydrated. Mucin is a major component of mucus.

Multicellular exocrine glands are more complex, with 
specialized duct cells and secretory cells (Figure 3-26). Pho-
tomicrographic examples are provided in Figures 3-27 
through 3-34. Multicellular glands are classified according 
to their duct(s) and their secretory portions. If the duct is 

unbranched, the gland is simple; if it branches, the gland is 
compound. If the secretory portion is about the same size as 
the duct, the gland is tubular. If the secretory cells are larger 
than the duct, it is an acinar (or alveolar) gland. Some glands 
have both acinar and tubular secretory portions.

The secreting cells and the ducts comprise the parenchyma 
of the gland. In addition, there may be a connective tissue 
stroma in the gland that supports the parenchyma. In larger 
glands, the connective tissue capsule on the surface sends 
branches into the gland and divides it into lobes and lobules.

Myoepithelial cells (Figure 3-35) are associated with 
some acini. These are contractile epithelial cells that push 
the gland’s secretion into the duct. They are found in salivary, 
mammary, and sweat glands.

3-1 Epithelium Is a Cellular Tissue 7 This is a whole mount of  
mesothelium, an epithelium composed of a single layer of flat cells, stained 
with silver nitrate to highlight cell membranes. Viewed from the surface, 
the very cellular and sheetlike nature of epithelial tissue is apparent. Most 
specimens you will encounter are viewed in section, so are seen from a 
lateral aspect or in cross or oblique section. (3200)

3-2 Light Micrographs of a Basement Membrane 7 (a) Shown is an epithelium from the respiratory tract (PSCC) that has a prominent basement 
membrane (arrow) when stained with the standard H&E stain. In sections of most epithelia, the basement membrane is not as obvious because it is 
thin and stains the same as underlying connective tissue. In many cases, all that is visible is the junction between the epithelium and the underlying 
connective tissue. (3240) (B) PAS staining brings out the basement membrane. It can be seen as the dark (magenta) line outlining each of the kidney 
tubules. Although it appears to be a single layer where two tubules rest against one another, you can see at the junction of three cells (circled) that 
each tubule has its own. (3400)

3200

3240 3400

a B
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3-3 TEM of Basal Laminae 7 This TEM is from the kidney, where 
two epithelial layers—capillary endothelium (E) and glomerular podocytes 
(P)—are back-to-back and their basal laminae are fused (PBL 5 podocyte 
basal lamina; EBL 5 endothelium basal lamina). There is evidence that 
the lighter layer of each basal lamina is an artifact of preparation. Where 
connective tissue is absent, no reticular lamina is seen. (3100,000)

3-4 an Epithelial Membrane 7 All epithelial membranes (mucous, 
serous, and cutaneous membranes) are composed of an epithelium and 
its underlying connective tissue. In each, the avascular epithelium relies 
on the capillaries of the connective tissue for its oxygen and nutrients, 
and thus forms a functional as well as a structural unit. Shown here is 
the mucous membrane (MM) of the esophagus. The stratified squamous 
epithelium (SS) rests on a layer of loose connective tissue (LCT) that  
extends down to the pink, incomplete muscle layer (M). A couple of small 
blood vessels are indicated by the arrows. (3400) 

3100,000

3400

3-5 Epithelial Terminology 7 Illustrated are standard descriptive terms associated with epithelia using nonkeratinized stratified squamous  
epithelium on the left and simple columnar epithelium with microvilli on the right as examples. Notice the importance of the basement membrane  
and surface as points of reference. Note also the presence of blood vessels in the underlying connective tissue and their absence in the epithelium.

E

EBL

MM

LCT

SS

M

PBL

P
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3-6 Illustration of Simple Squamous Epithelium 7 Notice how thin the single layer of cells is and how the nuclei bulge from the cytoplasm. 
When cut, the plane of section won’t pass through the nucleus of every cell (just like every bite of a chocolate chip cookie doesn’t pass through a 
chocolate chip!). The result will be a layer of cells, some of which appear to be anucleate.

3-7 Simple Squamous Epithelium 7 (a) In this section of lung tissue, notice that the simple squamous cells lining the air sacs are so thin that only 
their nuclei are visible (arrows), making it difficult to believe that the epithelium is even there. In fact, partitions between air sacs are composed of a layer of 
simple squamous epithelium on both sides, with both simple squamous walls of a capillary between! (But it takes an electron microscope to see that kind 
of detail.) (3300) (B) Even though there is an obvious thin layer of cytoplasm surrounding the white space, the most prominent features of this simple 
squamous epithelium (arrow) are the flattened nuclei. Compare this micrograph with the illustration in Figure 3-6. Why are nuclei not seen in every cell? (3530)

3-8 Simple Squamous Epithelia with Special Names 7 (a) Shown is a plastic-embedded section of an artery. The insides of all blood vessels and 
the heart are lined with a simple squamous endothelium (arrows). Note the different appearance of the epithelial cell nuclei from those nuclei in the deep-
er tissue. The red crescent is the sole remaining red blood cell after slide preparation. (3400) (B) The outer surface of organs in the ventral body cavi-
ty is lined with a serous membrane made of a connective tissue and a simple squamous mesothelium (black arrows). Also note the simple squamous 
endothelium (white arrows) lining the various blood vessels. This is a plastic-embedded section of a nonmammalian intestine (note the nucleated red 
blood cells). (3150)
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3-9 Illustration of Simple Cuboidal Epithelium 7 Notice the single cell layer, the approximately uniform cell dimensions, and the central,  
spherical nuclei.

3-10 Simple Cuboidal Epithelium 7 (a) Shown is a section of the thyroid gland. It is composed of compartments (follicles) lined with a simple 
cuboidal epithelium (SCE). Notice that in most portions of the field the epithelium appears as a double layer. This is because the adjacent follicles are 
so close together that their simple cuboidal epithelia are almost back-to-back. The region indicated by the asterisk (*) in the lower right corner seems 
to be made up of the same cells as the follicles (same staining properties, same basic cellular shape) but they are not in a single layer. This is because 
those cells are part of follicles that have been cut through their edge. (Imagine the appearance of the cells sectioned along the line drawn on the folli-
cle in the middle right of the field.) (B) Seen here are several kidney tubules (among other structures) lined with simple cuboidal epithelium that run 
parallel with one another. Asterisks (*) illustrate two lumina of the tubules through which urine passes during its formation. Notice the tubule that was 
sectioned longitudinally through its wall and is seen as a patch of cells (bracket). (Both 3400)  

3400 3400

3-11 Illustration of Simple Columnar Epithelium with Goblet Cells 7
Columnar cells frequently have elongated and basally positioned nuclei. (But 
notice that the nuclei of all cells are not cut by the microtome blade, making 
some cells appear anucleate.) Simple columnar epithelial cells often have  
cilia or microvilli (as shown here) on their apical surfaces. In addition, single-
celled mucus glands (goblet cells) may be present.
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3-12 Simple Columnar Epithelium 7 (a) These simple columnar cells are characterized by a tall shape and a basal, elongated nucleus. The 
basement membrane is not apparent in this stomach specimen, but it is still clear where the epithelium ends and the connective tissue begins (arrow). 
The region indicated by the bracket is a curved surface lined by the same epithelium, but cut obliquely through the apical portions of the cells. A key to 
correctly interpreting this is, these cells have the same staining properties and texture as those clearly on the surface. (3320) (B) This simple columnar 
epithelium is from the small intestine. Microvilli, collectively referred to as a striated border (SB), are present on the apical surfaces of the columnar 
cells. Although not individually visible at this magnification, their presence is seen as the dark band. Imagine that you are seeing the lawn, but not the 
individual blades of grass. Microvilli increase surface area for absorption. The large, pale-staining cells are goblet cells (GC) that secrete mucus. (3320) 
(C) Shown is a section of uterine tube. What you see are two opposing surfaces lined with simple ciliated columnar epithelium. Nonciliated peg cells  
(arrows) are also visible. (31000) (D) Our definitions of cuboidal and columnar cells are rigid, but nature is full of nuance! You may encounter epithelial 
cells that are difficult to pigeonhole because cell heights in the body represent a continuum rather than clearly defined groups. These pink cells are ducts 
in a salivary gland. They have spherical nuclei (a characteristic of cuboidal cells), but would be classified as columnar because they are two to three 
times taller than wide. Imagine that as the ducts get closer to their origin, they will be smaller in diameter and the epithelial cells will be shorter (more 
cuboidal). As the ducts get larger, farther away from their origin, the cells will be taller. The epithelial lining forms a continuum of cell heights. (3320)

SB GC

SB

3320
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3-13 Illustration of Stratified Squamous Epithelia 7
Stratified squamous epithelium consists of a few to many cell  
layers, ranging in shape from cuboidal or irregular in most layers 
to flat at the surface. (Recall that epithelia are named after the 
shape of their surface cells.) The majority of cell division is in the 
basal layer (primarily because it is closest to the supply of oxygen 
and nutrients diffusing in from the underlying connective tissue). 
In all cases, the least healthy cells are on the surface and are 
regularly shed. In keratinized stratified squamous epithelia (left), 
the surface cells accumulate as they die and form the dry, kera-
tinized layer. This epithelium is able to withstand mechanical 
abrasion and moisture loss and is found in the skin and a few 
other locations. Nonkeratinized stratified squamous epithelium 
lacks this layer of dead cells and is found in moist locations of 
the body not subject to severe abrasion, such as the oral cavity 
and esophagus.

3-14 Thin Keratinized Stratified Squamous Epithelium 7 This 
specimen is from abdominal skin and is only a few cells thick. The flat  
surface cells are dead and form the keratinized layer (K). Immediately 
beneath the keratin layer are one or two layers of flat, nucleated cells 
(arrows). Compare their shape to the cells near the basement mem-
brane. Also note the pigment in the basal cells. (3400) 

3400

3-15 Thick Keratinized Stratified Squamous Epithelium 7 (a) This specimen is from palmar skin. Notice the absence of nuclei in the thick, 
keratinized layer (K). Also, notice the typical, wavy interface (arrows) between the epithelium and the connective tissue—so typical, in fact, that it is  
often identifiable at low power without even seeing the individual cells. (340) (B) In this higher magnification of a different specimen, some cell and 
nuclear outlines are still visible in the keratinized layer. Notice the wavy interface between the epithelium and the connective tissue, and the faint, 
prickly appearance in the light lines between living cells. These are due to intercellular attachments (desmosomes). Also notice the abundant blood 
vessels (BV) in the deeper connective tissue and their absence in the epithelium—remember that epithelia are avascular. The simple squamous endo-
thelium of the blood vessels is also visible. (3190)
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3360

3-16 Nonkeratinized Stratified Squamous Epithelium 7 7
In this specimen from the esophagus, the cells are flat at the surface, 
but there is no keratin layer. Note the small blood vessels (BV) in the 
connective tissue. (3360)

3-17 Illustration of Stratified Cuboidal 
Epithelium 7 This epithelium is most fre-
quently seen in the larger ducts of glands.

3-18 Stratified Cuboidal Epithelium 7 Ducts of glands may be 
lined with a stratified cuboidal epithelium. This stratified epithelium is 
only two cells thick. Notice the simple squamous endothelium (arrow) of 
the blood vessel (BV) in the lower right corner of the field. (3320)

3-19 Illustration of Stratified Columnar Epithelium 7 As with 
stratified cuboidal epithelium, stratified columnar epithelium is fairly  
uncommon. It is found in some larger ducts and parts of the male urethra. 
Notice that it is the surface cells that are columnar. Basal cells are  
usually shorter.

3320

BV

BV

BV
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3-20 Stratified Columnar Epithelium 7 This is a section of the 
male urethra. Notice that there are only two or three cell layers in this 
specimen (but there may be more in others) and only the surface cells 
are columnar. (3400)

3400

3-21 Illustration of Transitional Epithelium (Urothelium) 7 Transitional epithelium is specialized for stretching. In its stretched state  
(a) the surface cells are flat and there appear to be fewer layers than in the relaxed state. (B) The surface cells of relaxed transitional epithelium  
have a rounded appearance and are called umbrella cells.

a

a B C

B

3-22 Transitional Epithelium (Urothelium) 7 (a) Transitional epithelium is stratified and primarily is found in the urinary bladder and ureters.  
It is specialized for stretching. When stretched, the cells flatten, as in this micrograph. This might be confused with nonkeratinized stratified squamous 
epithelium, but notice the nuclei of the apical cells are rounded. (3400) (B) When the urinary bladder empties, the wall relaxes and the epithelium as-
sumes the shape shown in this micrograph. Most of the cells are vertically elongated and the apical edge of the surface cells is rounded. (Please see 
the text for a description of the folding process.) The line indicates the level of the basement membrane. (3270) (C) The rounded apical surface of 
the umbrella cells is prominently displayed in this specimen of relaxed transitional epithelium. Umbrella cells are sometimes binucleate (or even multi-
nucleate!). Two neighboring binucleate umbrella cells are above the asterisk (*). The line indicates the level of the basement membrane. (3170)

3400 3270 3170

*
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3-23 Illustration of Pseudostratified Ciliated 
Columnar Epithelium (PSCC) with Goblet Cells 7
PSCC is associated with the respiratory tract. Notice in 
the illustration that all the cells contact the basement 
membrane, so it really is a single cell layer. What gives 
it a stratified appearance is that not all cells reach the 
surface, resulting in nuclei being seen at different levels, 
which gives the appearance of stratification. Goblet 
cells and cilia on the tallest cells are also shown. Some 
organs, such as the ductus deferens, are lined with 
nonciliated pseudostratified columnar epithelium.

3-24 Pseudostratified Ciliated Columnar Epithelium (PSCC) 7 (a) This specimen is from the trachea. Short, intermediate, and tall cells, all of 
which touch the basement membrane, characterize it. It is the various heights of nuclei that give the impression of a stratified epithelium. Also present 
are cilia (C) on the tallest cells, mucus-secreting goblet cells (GC), and a prominent basement membrane (BM). (3320) (B) Because the actual cell 
boundaries are not very clear in this specimen of PSCC, one might confuse this with a stratified columnar epithelium. However, stratified columnar epi-
thelium usually has only a couple of cell layers and the nuclear layers are fairly distinct, not jumbled as in this micrograph. Goblet cells (GC), cilia (C), 
and the basement membrane (BM) are clearly shown. At the apical poles of ciliated cells in both micrographs is a prominent magenta band. It is the 
location of the ciliary basal bodies (BaB). (3320)

a

a

C BaB

C
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GCBaB
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3-25 Goblet Cells 7 (a) Numerous goblet cells in the colon’s simple columnar epithelium are visible. One cell, indicated by the arrow, has released 
its secretion, mucin, which when hydrated becomes mucus. Flat, dense-staining goblet cell nuclei (N) are visible below the mucin droplets in a couple 
of cells. (3320) (B) Due to their high polysaccharide content, the mucin granules of the goblet cells (GC) are PAS positive and appear red (see Table 1-1). 
Also notice the basal nuclei (N) of the goblet cells and the brush border (BB) on the simple columnar epithelium. In addition to PAS, this specimen from 
the small intestine was also stained with hematoxylin. (3530)

3320 3320
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3-26 Multicellular Glands 7 Multicellular glands are composed of a duct (pink) and a secretory portion (darker purple). If the duct is unbranched, 
the gland is simple; if branched, the gland is compound. In tubular glands, the secretory cells are about the same size as the duct cells. If the secretory 
cells are larger than the duct cells, the gland is alveolar or acinar. All combinations of simple/compound and tubular/acinar glands are represented in the 
body. Be advised that your specimens are going to look more like the following micrographs. That is, they will be sectioned, not seen in three dimensions 
and in their entirety as illustrated here. 

3-27 Simple Tubular Glands of the Colon 7 The straight 
depressions into the mucosa of the colon are called crypts of  
Lieberkühn. The crypts are simple tubular glands and are lined 
by simple columnar epithelium with abundant goblet cells. 
(3100)

3100
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3-28 Simple Coiled Tubular Gland 7 (a) A relatively straight duct (D) connects the coiled secretory part of a sweat gland (SwG) to the skin’s 
surface. Several sweat glands and their ducts are visible in this field. Also note the keratinized stratified squamous epithelium. (350) (B) Shown is a 
higher magnification of the coiled gland from a different specimen. The pale-staining cells are secretory; the darker ones form the duct. (3200)

350 3200
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D
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SwG

3-29 Simple acinar Gland 7 The glands of Littré (GL) are found in 
the connective tissue deep to the male penile urethra. They secrete mucus 
and are simple acinar glands. The pale cells forming pockets (acini) are 
the secretory cells. The regions between acini (arrows) are a pseudostrati-
fied columnar epithelium, the epithelium of the penile urethra. The acini, 
marked with asterisks (*), have been cut tangentially. (3200)

3-30 Simple Branched Tubular Glands 7 The mucosal glands of 
the cardiac stomach are branched tubular glands (G) that open into mu-
cosal depressions called gastric pits (GP) via a short duct (D). The straight, 
tubular nature of the glands is apparent, and a branching point is circled. 
Notice the difference in texture between the gland cells and the simple 
columnar epithelium lining the stomach surface and the pits. The latter 
cells are actually single-celled glands that secrete mucus. (3200)
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3-31 Simple Branched Alveolar Gland   Sebaceous glands 
(SbG), associated with hair follicles, are branched alveolar glands with a 
very short duct. Two glands connected to the follicle are shown in this 
field. On the left are pieces of other branches that connect in a different 
plane. The secretory cells release their secretion by disintegrating, which 
is apparent in this specimen. (390)

3-32 Compound Branched Tubular Gland   Mucus-secreting 
Brünner’s glands (BG) of the duodenum are compound branched tubular 
glands—that is, both the ducts and secretory parts are branched. The 
glands are composed of the lighter-staining cells in the middle third of the 
field. Their uniform diameter and branching are apparent in this specimen. 
Notice the goblet cells (arrows) in the simple columnar epithelium in the 
upper third of the field. (3100)

390

3310

3100

3-33 Compound Acinar Gland   The dark cellular clusters are  
serous acini of the parotid salivary gland. Their secretion is rich in protein 
and has the purple (with H&E stain), granular appearance typical of many 
protein-secreting cells. The lighter pink, circular structures are parts of three 
ducts. Their different sizes are a fair indication that the ducts are branched 
and the gland is compound. The largest duct to the left of center is called a 
striated duct and is lined with a simple columnar epithelium. Notice the 
vertical lines in the basal portion of these cells (arrows). These are regions 
of membrane infoldings and numerous mitochondria. The former increase 
surface area for membrane pumps involved in final processing of saliva; 
the latter provide energy for the pumps. (3310)

3-34 Compound Tubuloacinar Gland   This submandibular salivary 
gland has tubular and acinar secretory portions, as well as numerous 
branched ducts. The gray secretory cells produce mucus, whereas the 
darker, more granular cells produce enzymes. The ducts (D) are lined 
with a simple columnar epithelium and have an obvious lumen (see  
Figure 3-12d for another example). (3180)

3-35 Myoepithelial Cells   In sweat glands (as in this specimen) 
and salivary glands, myoepithelial cells (arrow) occupy the region between 
the secretory cells and the basement membrane. Their contraction assists 
movement of the secretion into the duct. (3400)

3180 3400

SbG

D

SbG

BG

208 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 161 209



 Introduction to Connective Tissues
Chapters 4, 5, and 6 are devoted to connective tissues. The 
connective tissues make up a diverse grouping, both struc-
turally and functionally, and there are several classification 
schemes used by different authors. The scheme used in this 
book is shown in Table 4-1.

Because the connective tissues are derived (primarily) 
from the same embryonic tissue, they have much in common, 
so there will be overlap between the chapters. Chapter 4 will 
introduce the basics of all connective tissues and describe 
those falling under the heading connective tissue proper as 
well as those that have been labeled specialized connective 
tissues. To keep chapters from becoming too cumbersome, 
other specialized connective tissues will be covered in their 
own chapters, with Chapter 5 devoted to cartilage and 
bone, and Chapter 6 covering blood and bone marrow.

 Basic Characteristics of Connective Tissues
Connective (supporting) tissues anchor organs and join the 
other tissues of the body into a structurally integrated 
whole. In fact, most organs have a connective tissue covering 
that often penetrates it and binds the whole organ together. 
Unlike epithelia, connective tissues generally have abundant 
extracellular (intercellular) matrix and relatively few cells. 
The matrix consists of protein fibers, a ground substance, 
and other supporting biochemicals. Connective tissues may 
be vascular or avascular (cartilage, for example).

  Functions of Connective Tissue Proper  
and Specialized Connective Tissues

The functions of connective tissues covered in this chapter 
are many and varied. Some examples are:

77 Binding and support (e.g., ligaments)

77 Defense (e.g., macrophages, lymphocytes, and mast cells 
of various tissues)

77 Storage (e.g., adipose tissue)

77 Protection (e.g., adipose tissue)

77 Transport of materials between blood and other tissues 
(e.g., extracellular [interstitial, tissue] fluid in loose con-
nective tissue and others)

  Embryonic Connective Tissues— 
Mesenchyme and Mucous Tissue

Connective tissues of the adult are derived from an embryonic 
tissue called mesenchyme (Figure 4-1a), which is derived from 
embryonic mesoderm (Figure 4-2). Mesenchymal cells are 
angular or spindle-shaped and form a loose mesh that is 
functionally a rudimentary connective tissue with a viscous 
ground substance and few fibers. They are unspecialized 
and have the potential to differentiate into the cells typical 
of adult connective tissues (Table 4-1). In adults, mesenchymal 
cells play a role in tissue repair (along with fibroblasts and 
pericytes, which are found associated with capillaries).

Mucous tissue (Figure 4-1b) is found only in the umbilical 
cord and a few other locations in the embryo. It has fibroblasts 
and very few collagen fibers coursing through a jellylike 
ground substance in the umbilical cord, known as Wharton’s 
jelly.

  Extracellular Matrix of Adult  
Connective Tissues

The properties of a connective tissue are largely due to the 
properties of its extracellular matrix (ECM). Comprising 

Fibrous  
Connective Tissue
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book is shown in Table 4-1.
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from the same embryonic tissue, they have much in common, 
so there will be overlap between the chapters. Chapter 4 will 
introduce the basics of all connective tissues and describe 
those falling under the heading connective tissue proper as 
well as those that have been labeled specialized connective 
tissues. To keep chapters from becoming too cumbersome, 
other specialized connective tissues will be covered in their 
own chapters, with Chapter 5 devoted to cartilage and 
bone, and Chapter 6 covering blood and bone marrow.

 Basic Characteristics of Connective Tissues
Connective (supporting) tissues anchor organs and join the 
other tissues of the body into a structurally integrated 
whole. In fact, most organs have a connective tissue covering 
that often penetrates it and binds the whole organ together. 
Unlike epithelia, connective tissues generally have abundant 
extracellular (intercellular) matrix and relatively few cells. 
The matrix consists of protein fibers, a ground substance, 
and other supporting biochemicals. Connective tissues may 
be vascular or avascular (cartilage, for example).

  Functions of Connective Tissue Proper  
and Specialized Connective Tissues

The functions of connective tissues covered in this chapter 
are many and varied. Some examples are:

77 Binding and support (e.g., ligaments)

77 Defense (e.g., macrophages, lymphocytes, and mast cells 
of various tissues)

77 Storage (e.g., adipose tissue)

77 Protection (e.g., adipose tissue)

77 Transport of materials between blood and other tissues 
(e.g., extracellular [interstitial, tissue] fluid in loose con-
nective tissue and others)

  Embryonic Connective Tissues— 
Mesenchyme and Mucous Tissue

Connective tissues of the adult are derived from an embryonic 
tissue called mesenchyme (Figure 4-1a), which is derived from 
embryonic mesoderm (Figure 4-2). Mesenchymal cells are 
angular or spindle-shaped and form a loose mesh that is 
functionally a rudimentary connective tissue with a viscous 
ground substance and few fibers. They are unspecialized 
and have the potential to differentiate into the cells typical 
of adult connective tissues (Table 4-1). In adults, mesenchymal 
cells play a role in tissue repair (along with fibroblasts and 
pericytes, which are found associated with capillaries).

Mucous tissue (Figure 4-1b) is found only in the umbilical 
cord and a few other locations in the embryo. It has fibroblasts 
and very few collagen fibers coursing through a jellylike 
ground substance in the umbilical cord, known as Wharton’s 
jelly.

  Extracellular Matrix of Adult  
Connective Tissues

The properties of a connective tissue are largely due to the 
properties of its extracellular matrix (ECM). Comprising 
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matrix are the ground substance, fibers, and structural  
glycoproteins. 

Ground substance is an amorphous, gel-like material 
composed of charged glycosaminoglycans—GAGs— 
(mucopolysaccharides) and proteoglycans (mucoproteins)  
of various types. Both are polymers of disaccharide subunits, 
but the latter are also bonded to proteins. Their charges make 
them hydrophilic, resulting in tissue fluid mixing readily with 
the ground substance and helping create the gel-like state. 
Because of this association, the ground substance is an es-
sential participant in the transport of nutrients and wastes 
between the blood and other tissues. Ground substance is 
not easily visualized in histological preparations.

Fibers are made of protein and come in two basic types: 
collagen and elastic. Collagen fibers (Figure 4-3) are made of 
the protein collagen and are the primary (most abundant) fi-
bers of connective tissues. A collagen molecule consists of three 
polypeptide chains ( chains) wound in a triple helix. A colla-
gen fiber is made of many (many!) collagen molecules packed 
together in a regular pattern. Each chain within a collagen 
molecule may have been produced by any of 42 different col-
lagen genes! So far (as of 2011), 28 collagen types have been 
identified based on different chain combinations in the triple 
helix. Not surprisingly, these have different properties and serve 
different functions. The most abundant collagen is Type I, 
which has a high tensile strength and is flexible, but inelastic. 
Type III collagen fibers (Figure 4-4) are thin, branched, and 
formerly known as reticular fibers. These fibers form the frame-
work of the liver, lymphatic tissue, and bone marrow. Elastic 
fibers (Figures 4-3 and 4-5) are made of the protein elastin and 
the glycoprotein fibrillin. The elasticity they confer is an im-
portant property of organs that can be deformed and then re-
turn to their original shape, such as larger arteries and the skin.

Structural glycoproteins are involved in anchoring and 
fastening cells to extracellular material, including basement 
membranes.

 Cells of Adult Connective Tissues
There are many cell types in fibrous connective tissues. Fi-
broblasts, mast cells, macrophages, adipocytes, lymphocytes, 
and plasma cells are the most commonly encountered. Other 
cells characteristic of cartilage, bone, and blood will be dis-
cussed in their respective chapters.

Fibroblasts (Figures 4-3, 4-5, and 4-6) are derived from 
mesenchymal cells and are responsible for synthesis and 
maintenance of the matrix. Underscoring their relatively  
undifferentiated state, each fibroblast can produce all elements 
of the extracellular matrix. With H&E stain, only their gran-
ular, elongated nuclei and nucleoli are easily visible. The  
remainder of the cell with its elongated extensions can be 
better seen with other stains.

Macrophages (Figure 4-7) are derived from blood mono-
cytes and are found in a variety of tissues. Their function is to 

phagocytose (engulf) foreign, dead and dying cells, and cel-
lular debris. In their role as antigen presenting cells (APCs) 
they present antigens to lymphocytes as part of the immune 
response. Resident (fixed) macrophages (Figure 4-7a) are 
regular inhabitants of a particular tissue, whereas elicited 
(wandering or free) macrophages (Figure 4-7b) circulate in 
the blood and migrate to where they are needed. Connective 
tissue macrophages are difficult to identify with certainty 
using routine light microscope preparations. However, some 
characteristics to look for are an irregular shape; a basophilic, 
finely granular cytoplasm; and an oval- to kidney-shaped 
nucleus. Ingested particles would also be a useful clue.

Mast cells (Figure 4-8) originate in the bone marrow, 
but occupy various connective tissues. In many ways they 
resemble blood basophils, but are not developmentally re-
lated to them. They are large with prominent cytoplasmic, 
membrane-bound granules. The granules contain chemicals 
(such as heparin, histamine, chemotactic factors, and many 
others) that are involved in the inflammatory response. Re-
lease of the granules’ contents is called degranulation.

Adipocytes are derived from mesenchymal cells and, 
perhaps, fibroblasts. They are specialized to store fat. Uni-
locular fat cells (Figure 4-9a) store the fat as a single, large 
droplet that pushes the nucleus and cytoplasm to the cell’s 
periphery. Often, the fat is dissolved from the adipocytes 
during slide preparation, so all that is seen is empty cells 
(Figure 4-9b). Multilocular fat cells (Figure 4-10) are smaller, 
store fat in many droplets, and have a spherical nucleus.

Leukocytes (white blood cells) of various types may be 
seen in connective tissues, especially at the site of infection 
or inflammation. Most commonly seen in healthy tissue 
preparations are lymphocytes and plasma cells (Figures 4-11 
and 4-12). Lymphocytes have a dark-staining nucleus 
surrounded by a thin layer of cytoplasm. Plasma cells are 
derived from lymphocytes and they secrete antibodies. They 
have a purplish cytoplasm (due to abundant RER necessary 
for antibody production) and an eccentric nucleus. A pale 
region next to the nucleus may also be visible. It is the site 
of the Golgi apparatus. Neutrophils (Figure 4-12) have a 
granular cytoplasm and a segmented (lobed) nucleus. They 
are phagocytic.

 Types of Adult Connective Tissue
Fibrous connective tissues have traditionally been classified 
according to the arrangement and density of fibers. Regular 
connective tissues have the fibers oriented in the same direc-
tion; the fibers of irregular connective tissues are oriented in 
all directions. The fibers of loose connective tissues occur 
singly, whereas the fibers of dense connective tissues occur 
in bundles and are tightly packed together. Although these 
categories will be used here, it should be realized that they 
represent extremes and that intermediate connective tissue 
types exist. Further, some authors consider adipose tissue 
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and reticular tissue as loose connective tissues, but they will 
be considered separately in this chapter.

Loose Areolar Tissue
Loose areolar tissue (Figures 4-3, 4-5, 4-6, 4-13, and 4-14)  
is the connective tissue component of serous and mucous 
membranes, acts as filler between muscles and between 
muscles and skin, and is found in various other locations  
in the body. Collagen and elastic fibers are present, as are fi-
broblasts, mast cells, macrophages, and most other connective 
tissue cells. Blood vessels, lymphatic vessels, and nerves are 
also present.

Dense Irregular Connective Tissue
Dense irregular connective tissue (Figure 4-15) is characterized 
by densely packed collagen bundles oriented in all directions. 
It is vascular and fibroblasts are the predominant cell type. It 
comprises the dermis and capsules of many organs.

Dense Regular Connective Tissue
Dense regular connective tissue is a poorly vascularized tissue 
that has fiber bundles arranged in parallel fashion. This fiber 
arrangement confers great tensile strength along their length. 
Fibroblasts are compressed and appear elongated between 
the compact fibers. Tendons provide an example of dense 
regular collagenous connective tissue (Figure 4-16).

 Types of Specialized Connective Tissue 

Elastic Connective Tissue 
Elastic connective tissue has an abundance of elastic fibers. 
It can be found in the lungs (see Chapter 15) and some ver-
tebral ligaments (4-17a). In elastic arteries (Figure 4-17b), 
the fibers form compact, concentric laminae (sheets). Elastic 
fibers in blood vessels are produced by smooth muscle cells 
instead of fibroblasts. Wherever it is found, elastic tissue is 
specialized for stretching and returning to its original shape.

Adipose Tissue
Adipose tissue is a vascular tissue and differs from other 
connective tissues in that it is very cellular with little inter-
cellular material. White adipose tissue (Figures 4-9 and 
4-18a) is composed of unilocular adipocytes and is commonly 
found in the subcutaneous regions as well as in serous mem-
branes. Fixing slides by standard methods dissolves the fat, 
so “empty” adipocytes are typically seen. In some procedures, 
the fat is retained and can be stained, as with the oil-soluble 
dye Sudan red (Figure 4-9a).

Brown adipose tissue (Figure 4-18b) is primarily an em-
bryonic tissue. By childhood, most has degenerated or been 
replaced by white adipose tissue. Some remnants may be 

found in the perirenal region and other locations in adults. 
It is composed of multilocular adipocytes and is much more 
vascular than white adipose tissue. It is involved in generation 
of body heat and is especially important in infants prior to 
developing the shivering response.

Reticular Connective Tissue
Reticular connective tissue (Figure 4-19) is a loose connective 
tissue with an abundance of reticular fibers (Type III collagen). 
The fibers are hard to distinguish with H&E, but can be vi-
sualized with silver stains. Reticular connective tissue forms 
the framework of bone marrow, lymphoid organs, and the 
liver sinusoids.

Table 4-1 Classification of Connective Tissues1

Connective Tissue Proper

Embryonic Connective Tissues

Mesenchyme

Mucous Connective Tissue

Adult Connective Tissues

Loose (Areolar) Connective Tissue

Dense Connective Tissue

Dense Regular Connective Tissue

Dense Irregular Connective Tissue

Specialized Connective Tissues

Adipose Tissue

White Adipose Tissue

Brown Adipose Tissue

Reticular Tissue

Elastic Tissue

Cartilage

Hyaline Cartilage

Elastic Cartilage

Fibrocartilage

Bone

Blood

1 After Ovalle and Nahirney (2008).
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Pluripotent Hemopoietic
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4-1 Embryonic Connective Tissue  (A) Mesenchyme is a primitive connective tissue with few fibers. Its cells are angular and have the potential 
to develop into more specialized connective tissue cells. Note how the cellular processes join to form a three-dimensional lattice. Note also the mitotic 
figures in the field (arrows). (3400) (B) Mucous tissue is found only in the umbilical cord and a few other sites in the embryo. It contains fibroblasts 
(F) and a few fibers, so it is more specialized than mesenchyme. The ground substance is like jelly. (3200)

3400 3200

3100

A B

4-2 Scheme of Connective Tissue Cell Development 7 Connective tissues develop from embryonic mesoderm, which gives rise to mesenchymal 
cells and pluripotent hemopoietic stem cells (HSC). Mesenchymal cells give rise to fibroblasts and adipocytes of connective tissue proper (covered in 
this chapter), and cartilage and bone cells (covered in Chapter 5). The HSC gives rise to all formed elements in blood (covered in Chapter 6).

4-3 Collagen Fibers 7 Thick, strong, collagen fibers (CF) are 
seen in this specimen of loose areolar tissue. The thin fibers are  
elastic fibers (EF), and most of the cells are fibroblasts. (3100)

F

EF

CF
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A B

4-4 Reticular Fibers (Type III Collagen Fibers) 7 Reticular fibers 
are thin and branched. This specimen is a lymph node, but they also 
form the structural framework of the spleen, bone marrow, and some 
other organs. These fibers are not easily seen when stained with H&E;  
a silver stain can be used to visualize them as black lines, some of 
which are indicated by arrows. (3400)

4-5 Elastic Fibers in Loose Areolar Tissue 7 The thin, dark lines 
are elastic fibers (EF) in this loose areolar tissue stained for elastic fibers. 
Also visible are collagen fibers (CF) and fibroblasts (F). (3210)

3400

3350

3210

4-6 Fibroblasts 7 Fibroblasts are very common cells of connective 
tissue proper. As seen in this spread of loose areolar tissue prepared with 
Verhoeff and eosin stains, they have an irregular shape. In H&E preparations, 
usually all that can easily be seen of them is their nuclei. Collagen (CF) and 
elastic (EF) fibers are also visible in this specimen. (3350)

4-7 Macrophages 7 Macrophages may either be fixed or wandering, and both may be found in connective tissue proper, but they are difficult to 
identify without correct preparation. (A) Kupffer cells (K) are fixed macrophages that line the liver sinusoids and remove material from the blood. These 
macrophages have ingested carbon particles that make them stand out. Fixed macrophages may also be seen in the spleen and lymph nodes. (3750)  
(B) This micrograph of lung tissue shows a couple of wandering macrophages (MF). (3900)

MF

EF
CF

3900

EF

CF

K

K

K

F

3750
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4-8 Mast Cells 7 Mast cells (M) are involved in the inflammatory response by degranulating and releasing histamine and other chemicals. (A) This 
is a loose areolar tissue spread stained to show a mast cell, fibroblasts, and elastic (EF) and collagen (CF) fibers. When stained properly, the mast cell 
with its granules is unmistakable. (31000) (B) Several mast cells (arrows) are visible in this plastic-embedded tonsil specimen. (3630)

4-9 Unilocular Adipocytes 7 The cytoplasm and nucleus of unilocular adipocytes are pushed to the periphery and the single, large fat droplet  
occupies the majority of the cell. (A) These are unilocular adipocytes stained with Sudan red, a fat-soluble dye that stains the fat droplet red. (3100)  
(B) Standard slide preparation dissolves and removes the fat droplet and all that remains of the adipocytes is the membrane and some cytoplasm. 
Notice the blood vessels (arrows) in this vascularized tissue. (3200)

A

A

B

B

M

M

31000 3630

3100

3250

3200

4-10 Multilocular Adipocytes 7 The obvious difference between 
unilocular and multilocular fat cells is that in the latter, fat is stored as 
several droplets rather than as one large droplet. (3250)

M

EFCF
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4-11 Lymphocytes 7 The lamina propria of mucous membranes is 
often infiltrated with lymphocytes, cells of the immune system that can 
differentiate into antibody-secreting plasma cells and perform other pro-
tective functions. They are small, round cells with dark-staining nuclei. In 
this specimen from the small intestine, the lymphocytes are quite dense. 
Some have even entered the simple columnar epithelium (arrows). 
(3250)

4-12 Plasma Cell and Neutrophil 7 Plasma cells (PC) are lympho-
cytes actively secreting antibodies. They are elongated cells with the  
nucleus toward one end. The nucleus may look like a clock face because 
of the chromatin distributed around its periphery. A pale region of cytoplasm 
near the nucleus is the site of a Golgi apparatus. A phagocytic neutrophil 
(N) is also visible in the field. Its granular cytoplasm is not very apparent, 
but the segmented nucleus is. Notice the blood vessels (BV) in the field. 
(3630)

3250 3630

4-13 Illustration of Loose Areolar Tissue 7 A loose weave of  
collagen (CF), reticular fibers (RF), and elastic fibers (EF) characterizes 
loose areolar tissue. As seen in this illustration, LAT contains a variety  
of connective tissue cells, but the most abundant are the fibroblasts (F). 
Other cells include mast cells (MC), macrophages (MF), adipocytes (A), 
lymphocytes (L), plasma cells (PC), and mesenchymal cells (MeC). In  
routine spreads of LAT, not all cells will be easily identified. Note the blood 
vessel. LAT is found as a supporting tissue and as filler between organs 
(fascia).

PC BV

BV

N
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A

A

B

B

4-14 Loose Areolar Tissue (LAT) 7 (A) This specimen is from mesentery. The darker gray nuclei mostly belong to fibroblasts (F). Degranulated 
mast cells (MC) are also visible, as are elastic (EF) and collagen (CF) fibers. Also see Figures 4-3, 4-5, 4-6, and 4-9. (3200) (B) Loose fibrous connective 
tissue comprises the lamina propria of many epithelial membranes. This specimen is from the small intestine. Notice the blood vessels (BV). (3400)

3200 3400

BV

EF
F

CF

MC

F

4-16 Dense Regular Connective Tissue 7 (A and B) Tendons, shown here, and ligaments are made of closely packed collagen bundles all  
oriented in the same direction. Dense regular connective tissue is poorly vascularized. The cells, seen only as nuclei, are fibroblasts, and they are  
typically in rows. (Both 3210)

3210 3210

A B

3210 3100
4-15 Dense Irregular Connective Tissue 7 (A) The dermis of the skin is composed of an irregular weave of tightly packed fiber bundles. Although 
all fiber types are present, collagen bundles (C) are the most obvious. Notice that the bundles are sectioned longitudinally, obliquely, and in cross section, 
indicating their irregular arrangement. Most of the cells are fibroblasts with only their nuclei seen clearly. Blood vessels (BV) indicate this tissue is vascular. 
(3210) (B) Many organs, including the testis shown here, are covered by a dense fibrous connective tissue capsule (CTC) composed mostly of collagen 
bundles. (3100)

C

BV
BV

CTC

216 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 161 217



49Fibrous Connective Tissue  Chapter 4

A

A

B

B

4-17 Elastic Tissue 7 (A) This specimen is an elastic ligament from the cervical spine. The waviness of the fibers is an indication of their elasticity. 
(3210) (B) This specimen is from the aorta. The dark lines are sheets of elastic fibers called laminae (L). Their elasticity allows the aorta to stretch 
when blood is pumped into it, then recoil and push the blood farther when the heart relaxes. Unlike most fibers, these are produced by smooth muscle 
cells, not fibroblasts. (350)

3210 350

3250 3250

4-18 Fat Tissue 7 (A) White fat is made of unilocular adipocytes and may be found most anywhere loose connective tissue is found. This specimen 
is from a skeletal muscle. You can see fat filling the space between the muscle fiber bundles. (3250) (B) Brown fat is made of multilocular adipocytes, 
and in humans is primarily found in the embryo. (3250)

L
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4-19 Reticular Connective Tissue 7 (A) Lymphoid organs and bone marrow have a reticular con-
nective tissue framework. This lymph node specimen was prepared with a silver stain so the reticular fi-
bers (dark lines) can be seen. Contrast the thin, black, branching, reticular fibers (Type III collagen) with 
the light brown, thicker, collagenous fibers of the capsule (Ca). (3200) (B) This is an enlargement of the 
boxed region in A. Branched reticular fibers (RF) and collagen bundles (CF) are visible. Most of the cells 
are lymphocytes. (3400)

A

B

3400

3200

Ca

CF

RF
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 Introduction to Skeletal Tissues
Cartilage and bone are specialized connective tissues with a 
firm to rigid matrix, suiting them for their supportive and 
protective functions (Figure 5-1).

  Basic Characteristics of Cartilage— 
Matrix, Cells, and Perichondrium

Cartilage is on joint surfaces; forms the framework of the 
nose, ears, respiratory tree, and part of the rib cage; and is 
located between vertebrae. It also comprises a majority of 

the embryonic skeletal system before it is replaced by bone. 
The semirigid matrix makes cartilage well suited for these 
supporting functions. 

Embryonically, cartilage begins developing from mesen-
chyme in chondrification centers. The mesenchymal cells 
differentiate into chondroblasts, which begin secreting cartilage 
matrix. When they become surrounded by matrix, they are 
called chondrocytes and the space each chondrocyte occupies 
is called a lacuna (Figures 5-2 and 5-3). When a chondrocyte 
grows and divides, it forms an isogenous group of cells in 
the lacuna. These cells continue producing matrix and be-
come separated into different lacunae. The result is cartilage 
growth from the interior of the matrix, a process known as 
interstitial growth. 

The characteristic consistency of the matrix is due to the 
grouped arrangement of proteoglycans and its degree of  
hydration. The matrix immediately around each lacuna is 
basophilic and is called territorial matrix; interterritorial 
matrix is found between lacunae (Figure 5-3). Collagen and 
elastic fibers (only in elastic cartilage) are present in the ma-
trix and confer strength and flexibility, respectively. Most of 
the time collagen fibers are not easily seen in cartilage, even 
though they are abundant. A silver stain (or other specialized 
elastin stain) must be used to visualize elastic fibers because 
H&E does not differentiate them.

Cartilage is avascular (and also lacks lymphatics and 
nerves), but receives nourishment from blood vessels in the 
perichondrium, the fibrous membrane that surrounds most 
cartilage (Figure 5-4). It is composed of a superficial fibrous 
layer and a deeper chondrogenic cell layer. In appositional 
growth, the chondrogenic cells differentiate into chondro-
blasts that secrete new matrix on the cartilage’s surface.

Cartilage 
and Bone

5

51

5-1 Skeletal System  
The skeleton is composed of 
bone tissue (beige) and cartilage 
(light blue). It supports the body, 
acts as a lever system on which 
muscles act to produce move-
ment, and provides protection 
for vital organs, such as in the 
rib cage and skull.
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 Types of Cartilage
There are three types of cartilage: hyaline cartilage, elastic  
cartilage, and fibrocartilage. Of the three, hyaline cartilage 
(Figures 5-3 through 5-5) is the most abundant. It is found in 
the nose and respiratory tree, on the sternal ends of the ribs, 
and on articular surfaces. It also forms the cartilage model for 
most of the skeleton during development. The matrix of hya-
line cartilage is glassy in appearance (hence, “hyaline”) and 
has Type II collagen fibers in it, though they are not easily seen 
with the light microscope. The pliancy of hyaline cartilage is 
attributable to the high degree of matrix hydration (between 
60% and 80% of its weight). Water also provides a medium 
through which oxygen and nutrients can diffuse from the 
blood vessels in the perichondrium to the chondrocytes.

Articular cartilage (Figure 5-6) is a remnant of the em-
bryonic hyaline cartilage bone1 prior to ossification (bone 
formation). It differs slightly in chemical composition from 
adult hyaline cartilage, but the most obvious difference is its 
lack of perichondrium on the articular surface. In its stead, 
chondrocytes are nourished by the synovial (joint) fluid.

Elastic cartilage (Figure 5-7) is found in the ears and 
epiglottis. It is very similar to hyaline cartilage, except that 
its matrix has numerous elastic fibers in addition to the 
Type II collagen fibers. The chondrocytes also tend to be 
larger (at the expense of the matrix) and more numerous 
than in hyaline cartilage. A perichondrium is present.

Fibrocartilage (Figure 5-8) can be found joining bones 
(e.g., pubic symphysis and intervertebral disks) and within 
joint cavities (e.g., menisci of the knees). The abundance of 
Types I and II collagen fibers in the matrix make fibrocartilage 
resistant to compressive and shearing forces. Chondrocytes 
(identifiable by their rounded nuclei) tend to be seen in rows 
parallel to the fiber bundles, whereas fibroblasts (identifiable 
by flattened nuclei) may be seen among the fibers. There is 
no perichondrium.

  Basic Characteristics of Bone— 
Matrix and Cells

Bone matrix is composed of about 25% organic (mostly 
Type I collagen) and 65% inorganic (calcium hydroxyapatite 
crystals) materials, with most of the remainder being water. 
The collagen provides some flexibility and tensile strength 
to the bone, whereas the inorganic materials confer hardness. 
There are four major cells of bone tissue. These are osteo-
progenitor cells, osteoblasts, osteocytes, and osteoclasts.

Osteoprogenitor cells (Figure 5-9) are derived from 
mesenchymal cells and have the ability to differentiate into 
osteoblasts, and under some circumstances, into chondrogenic 
cells. They are elongated cells and are found associated with 
periosteum and endosteum of adult bones (see “Membranes 
of Bone”).

Osteoblasts (Figure 5-9) develop from osteoprogenitor 
cells and therefore are also found lining external and internal 
bone surfaces, but they have more of a cuboidal shape.  
Osteoblasts are actively involved in secreting collagen-rich 
osteoid, the precursor to true bone matrix, during bone 
growth, repair, and remodeling. Osteoblasts subsequently 
calcify osteoid to make the bony matrix hard.

Osteocytes (Figure 5-9) are osteoblasts that have become 
surrounded and trapped by matrix. They occupy lacunae in 
the matrix and are responsible for maintaining and modifying 
matrix composition. They are connected to each other by long, 
thin cytoplasmic extensions (processes) and are discussed in 
“Types of Bone Tissue.”

Osteoclasts (Figures 5-9 and 5-10) are large, multinucleate 
cells responsible for bone resorption; that is, they destroy 
bony matrix. They are often found associated with a pit  
in the bone called a Howship’s lacuna, or resorption bay. 
Osteoclasts are active during the growth, repair, and remod-
eling processes. Their activities are balanced with those of 
osteoblasts so that (normally) bone mass remains constant.

 Membranes of Bone
Bone surfaces are lined with one of two fibrous membranes: 
periosteum or endosteum. Periosteum (Figure 5-11) is the fi-
brous membrane that surrounds bone. Like its counterpart 
in cartilage, periosteum has a superficial fibrous layer and a 
deeper cellular layer. The cellular layer has osteoprogenitor 
cells that have the ability to become bone-forming cells. 
Periosteum is attached to bone by Sharpey’s fibers, collagen 
bundles that penetrate the bone matrix (Figure 5-12). All in-
ternal surfaces are lined with a reticular connective tissue 
called endosteum, which is also associated with osteopro-
genitor cells (Figure 5-13).

 Types of Bone Tissue
Bone tissue is of two types: spongy (cancellous) bone and 
compact bone (Figure 5-14). Both types are in all bones, but 
their relative amounts differ depending on the particular 
bone and the specific part of the bone.

Compact bone is found on the bone’s surface (deep to 
periosteum or articular cartilage) and has a dense bony ma-
trix composed of lamellae (plates). Circumferential lamellae 
encircle the diaphysis of long bones on both inner and outer 
surfaces. Other lamellae will be described below.

Because diffusion is poor through calcified tissue, osteo-
cytes embedded in the dense matrix are supplied by local 
blood vessels, which travel through canals in the matrix. 
Nerves are also found in these canals. Volkmann’s (perforat-
ing) canals penetrate from the surface and Haversian canals 
run more or less parallel to the surface (Figures 5-15 and 
5-16). The structural and functional unit of compact bone is 
the Haversian system or osteon (Figure 5-17). Each Haversian 
system consists of a central Haversian canal with its 1 Notice that in this context, “bone” refers to an organ, not a tissue.
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neurovascular bundle. The bony matrix is arranged in rings 
of concentric lamellae around the canal with osteocytes oc-
cupying lacunae at their junctions. Osteocytes maintain con-
tact with other osteocytes by way of cellular processes that 
pass through tiny canaliculi. (These connections were first 
made when the cells were osteoblasts.) In this fashion, nutri-
ents and oxygen from the blood vessel can diffuse from cell 
to cell outward toward the periphery of the Haversian sys-
tem. A calcified cement line encircles the outer margin of the 
Haversian system. Interstitial lamellae can be seen as rem-
nants of old Haversian systems as a consequence of bone 
remodeling. 

Spongy bone (Figure 5-18) is found in the interior of 
bones. It is made of a delicate network of bony trabeculae 
that are arranged to strengthen the bone according to the 
mechanical loads placed on it. Irregular arrangements of la-
mellae are present, but Haversian systems are not.

 Bone Growth
There are two basic mechanisms of bone growth. In intra-
membranous ossification, bone forms within a mesenchymal 
membrane. In endochondral ossification, bone tissue replaces 
a hyaline cartilage model. In both mechanisms, bone is initially 
formed as woven (nonlamellar or bundle) bone, which differs 
from mature bone in its less organized arrangement of col-
lagen fibers and cells, higher cell density, and lower mineral 
content.

Intramembranous ossification (Figure 5-19) is responsible 
for producing the flat bones of the skull. The process is rela-
tively straightforward.

1. Mesenchymal cells differentiate into osteoblasts at the  
primary center of ossification and begin depositing 
bony matrix to form trabeculae (strips) of bone.

2. Ossification continues radially from the ossification  
center, like ripples spreading from dropping something 
in water.

3. Bone marrow develops in the spaces between trabeculae.

4. Periosteum and endosteum develop from the unossified 
mesenchyme membrane.

5. The surfaces are remodeled to form compact bone. In 
the skull, these layers are called inner and outer tables. 
The spongy bone between them is the diploë.

Endochondral ossification produces most bones of the 
skeleton, and is most easily understood by studying appen-
dicular long bones. While studying this process, it is important 
to remember that the cartilagenous model grows in length 
and diameter, even as parts of it are being replaced by bone. 
(After all, the skeleton must be functional and an appropriate 
size at all times during embryonic and postnatal growth.) 
Endochondral ossification is outlined in Figure 5-20 and 
can be summarized by the following steps:

1. Hyaline cartilage occupies the zone of reserve cartilage 
and acts as a source of cartilage to undergo the process 
described below.

2. Normal chondrocytes multiply in the zone of proliferation 
(multiplication).

3. The chondrocytes enlarge (hypertrophy) in the zone of 
hypertrophy.

4. The cartilage matrix calcifies in the zone of calcification.

5. Chondrocytes deteriorate and die, and bone is deposited 
on the remaining fragments of calcified matrix in the 
zone of ossification.

6. Osteoclasts remove the newly formed bone to make the 
marrow cavity in the zone of erosion.

Examine the photomicrographs in Figures 5-21 through 
5-27 as you read the details of this process. (Remember, this 
description is for long bones. The same events occur in other 
bones, but the zones are not as clearly defined, making the 
process more difficult to understand.)

1. Endochondral ossification begins with a bone made of 
hyaline cartilage. A primary center of ossification (Figure 
5-21a) appears at the center of the shaft (diaphysis). 
There, osteoblasts develop deep to the perichondrium 
and deposit a ring of periosteal bone called a bony collar 
(Figure 5-21a). The bony collar acts as a splint to support 
the bone as the internal cartilage is eroded away. The 
perichondrium develops into a periosteum. 

2. Chondrocytes internal to the bony collar begin multiplying 
and enlarging at the expense of the matrix. What matrix 
is left becomes calcified and appears more basophilic. 
Because the calcified matrix retards diffusion of oxygen 
and nutrients, chondrocytes begin to deteriorate and 
eventually die within the enlarged lacunae. This process 
accomplishes two things: It reduces the amount of carti-
lage matrix remaining in the bone and it provides space 
for bone tissue to be deposited.

3. Blood vessels (periosteal buds) grow into the enlarged 
lacunae (which form primary marrow spaces, Figures 
5-21b and 5-21c). They bring mesenchymal cells that 
differentiate into osteoprogenitor cells in the marrow 
spaces. The latter differentiate into osteoblasts that  
deposit osteoid and then bone on the remaining carti-
lagenous fragments. Hemopoietic stem cells also enter 
and begin producing marrow.

4. After a region has ossified, osteoclasts move in and re-
sorb the bone to form the marrow cavity (Figure 5-21d). 
This will not occur during endochondral ossification  
of short or irregular bones that lack a marrow cavity 
(although osteoclasts are present and active during re-
modeling of all bones).
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5. The process of bone replacing cartilage spreads toward 
the ends of the bones (epiphyses), following the same  
sequence of events as occurred in the primary center: 
enlargement and multiplication of chondrocytes, calcifi-
cation of matrix, death of chondrocytes, and deposition 
of bone (Figures 5-22 and 5-23). 

6. Growth in diameter occurs as periosteal bone is deposited 
on the surface while osteoclast activity removes bone 
from the marrow cavity side of the diaphysis (Figure 5-24).

7. All bone tissue initially forms as woven bone, so it must 
be remodeled on the surface to become compact bone. 
The process involves deposition of the lamellae from 
outermost to innermost around the neurovascular bundle, 
which ends up in the remaining space, the Haversian  
canal (Figure 5-25).

8. At about the time of birth, secondary centers of ossifica-
tion appear in one or both ends (epiphyses) of the long 
bone (Figure 5-26). These ossify the epiphyses, leaving 
cartilage in two places: on the surface of the epiphysis as 
articular cartilage, and in the epiphyseal plate that joins 
the epiphysis with the diaphysis (Figure 5-27). The epiph-
yseal plate continues to produce new cartilage on its 
epiphyseal side at the same rate it is being replaced by 
bone on the diaphyseal side. In this fashion, the plate re-
mains the same thickness, but appears to grow away from 
the center of the bone. This results in longitudinal growth 
of the bone. At some time during development (typical for 
each bone), the epiphyseal plate ossifies and longitudinal 
growth is completed. Frequently, an epiphyseal line is visi-
ble in the spongy bone where the epiphyseal plate ossified.

 Synovial Articulations
Synovial joints (Figure 5-28) are characterized by having a 
synovial (joint) cavity. This makes them freely movable. Lining 
the bones’ surfaces is articular cartilage. It is made of modi-
fied hyaline cartilage (from the original cartilage model that 
remained unossified) without a perichondrium. Lining the 
cavity is a vascular and fibrous synovial membrane that  
secretes a lubricating synovial fluid (Figure 5-29). The  
membrane’s surface is lined with cells called synoviocytes. 
Strengthening the joint from the outside is a fibrous joint 
capsule that is continuous with the periosteum of the articu-
lating bones. The capsule may contain thickenings that act 
as ligaments, or the ligaments may be separate from the 
capsule. Other cartilages (generally fibrocartilage) may be 
associated with the interior of the joint. The menisci of the 
knee joint are an example.

 Muscular Attachments to Bone
Skeletal muscles either attach to bone directly or by way of 
a tendon. In the first instance, the muscle fibers extend to 
the periosteum and the connective tissue components of  
the muscle blend in with the connective tissue fibers of the 
periosteum (Figure 5-30). The periosteum itself is attached 
to the bone by Sharpey’s fibers, which are especially substantial 
at the point of muscular attachment. If the muscle attaches 
by way of a tendon, then it is the tendon fibers that mix 
with the periosteal fibers.

5-2 Illustration of Cartilage Structure   Cartilage is composed of chondrocytes (Cc) embedded in a firm, 
gel-like matrix containing collagen fibers. Surrounding hyaline and elastic cartilage is the fibrous and vascular peri-
chondrium (Pc); fibrocartilage has no perichondrium. Growth of the cartilage is due to activity of chondroblasts (Cb) 
located at the junction of the perichondrium and cartilage. The main difference between the three types of cartilage 
is the abundance and type of fibers reinforcing the matrix.
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5-3 Cartilage Components   Two specimens of hyaline cartilage are shown; each with different components labeled (though all are visible in 
both micrographs). (A) Cells include chondroblasts (Cb) near the surface and chondrocytes (Cc) toward the interior. Where a chondrocyte has divided, 
the cluster is called an isogenous group (IG). Chondrocytes occupy lacunae (cavities) in the matrix (L). These are only seen as artifacts of preparation−
either the chondrocyte fell out or shrinkage exposed the space. (3250) (B) The matrix is not of uniform molecular composition and this is manifested 
in different staining properties. Territorial matrix (TM) around the chondrocytes has less collagen, more sulfur-containing molecules, and stains darker 
than the interterritorial matrix (IM) between lacunae. (3250)
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5-4 Perichondrium   The vascular fibrous membrane around cartilage is called perichondrium (P). (A) The pink layer is the perichondrium  
surrounding hyaline cartilage. The distinction between the outer fibrous layer and inner chondrogenic layer is not sharp. (3125) (B) This hyaline cartilage 
specimen has a thicker perichondrium. The outer fibrous (F) and inner chondrogenic (C) layers are visible, but still are not sharply separated. (3125)
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5-5 Hyaline Cartilage   This section of the nasal septum illus-
trates hyaline cartilage, the most common cartilage in the body. Note 
the chondrocytes (Cc), the perichondrium (P), and the smooth matrix 
(M) lacking obvious fibers (though they are present). Figures 5-3 and 
5-4 are also hyaline cartilage. (3250)

Cc

M

AC
AC

AC

5-6 Articular Cartilage   The modified hyaline cartilage covering joint surfaces, called articular cartilage, lacks a perichondrium. (A) This bone 
has been removed from its joint during preparation, but the articular cartilage (AC) on its joint surface is apparent—as is the absence of perichondrium. 
(365) (B) This micrograph shows two bones in an embryonic pig foot. They have not undergone ossification and remain as cartilage models of the 
bones they will become. Notice the perichondrium (P) connects these bones without extending over their articular surfaces. (340)

3250

340365

5-7 Elastic Cartilage   The framework of the ear and epiglottis is made up of elastic cartilage. A silver stain was used to highlight the elastic fibers 
in these two epiglottis specimens. They are the black lines. (A) Notice the perichondrium (P) and relatively large chondrocytes (Cc). (3100) (B) This higher 
magnification clearly shows the individual elastic fibers. Most chondrocytes have been lost during preparation, so mostly you see lacunae (L). (3320)
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5-8 Fibrocartilage   Intervertebral disks and the pubic symphysis are made up of fibrocartilage. It is characterized by dense bundles of collagen fi-
bers (CF) in its matrix and the absence of a perichondrium. Often the chondrocytes (Cc) occur in lines, as in (B). Both specimens are from intervertebral 
disks. (Both 3130)

5-9 Bone Cells   These two micrographs show the four types of bone cells. Osteoprogenitor cells (Op) and osteoblasts (Ob) are found in rows on 
the surface of bone, associated either with endosteum or periosteum. Osteoprogenitor cells are flatter than osteoblasts. Osteocytes (Oc) are cells of 
mature bone and are encased by the bony matrix. Osteoclasts (Ocl) are large, multinucleate cells found on the surface of bone. Micrograph (A) was 
magnified 3250. Micrograph (B) was magnified 3380.
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3250 3380
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5-10 Osteoclasts   Bone is resorbed by multinucleate osteo-
clasts (Ocl). They often erode a pit in the surface of the bone called  
a Howship’s lacuna (HL). (3380)

5-11 Periosteum   Periosteum (P) is the fibrous membrane around 
bone (B). It has an outer fibrous layer and an inner osteogenic layer with 
osteoprogenitor or osteoblast (Ob) cells. In this specimen, the space (*) 
is an artifact of preparation. The pink tissue at the bottom of the field is 
skeletal muscle (SM). (3250)

5-12 Sharpey’s Fibers   Periosteum (P) is anchored to the bone 
(B) by collagen bundles called Sharpey’s fibers (SF), which penetrate the 
bony matrix (arrows). (3380)

5-13 Endosteum   All inner surfaces of bone (B) are lined with a delicate connective tissue, called endosteum (E), associated with a layer of osteopro-
genitor cells (Op). (A) The endosteal cells form a clearly defined layer in this image, because the marrow (M) and much of the fibrous endosteum (arrows) 
shrunk during slide preparation. (3150) (B) The two cavities are filled with red bone marrow, but the endosteal cell layer is still recognizable (arrows). (3225)
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5-14 Types of Adult Bone Tissue   Dense, compact bone (CB)
covers outer surfaces, whereas the interior of a bone is composed of 
more delicate spongy bone (SB) tissue. Both types are found in all 
bones, but in different proportions. (Photograph by Gary D. Wisehart)

A B

5-15 Lamellae and Canal System of Compact Bone   Compact 
bone is deposited in lamellae (plates). Shown are circumferential lamellae 
around both surfaces, concentric lamellae of the Haversian systems  
(osteons), and interstitial lamellae between Haversian systems. Volkmann’s 
(perforating) canals allow passage of blood vessels and nerves into the 
bone from both surfaces, whereas Haversian canals run parallel to the 
surface and form the center of Haversian systems.

5-16 The Canals of Compact Bone   Shown are two decalcified bone specimens. Using this preparation method (as opposed to a ground bone 
preparation; see Figure 5-17) preserves the osteocytes (Oc) in their lacunae and blood vessels (BV) in the canal system. The periosteum (P) is also 
visible. (A) In this cross section, Volkmann’s canals are cut longitudinally (VC1 and VC3) or obliquely (VC2). Notice that VC1 shows continuity with the 
outer bone surface, whereas VC3 appears to open to the marrow cavity (MC) but in a different plane. Haversian canals (HC) are cut in cross section.  
In this specimen, the Haversian system is better defined by the osteocytes’ circular arrangement around the canal than by the faintly visible concentric 
lamellae. (3200) (B) In this longitudinal section, Haversian canals are cut longitudinally and run along the length of the bone. The single Volkmann’s 
canal is cut longitudinally over its short length and shows continuity with the surface. (Note: it is possible for Volkmann’s canals in a longitudinal section 
of the bone to be cut in cross section if the plane of section were 90° to this one.) Note the absence of circular lamellae and the random osteocyte  
arrangement in the vicinity of the Volkmann’s canal. (3200)
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5-17 Compact Bone in Cross Section (Ground Bone Preparation)   Due to the hardness of compact bone matrix, these specimens were not 
sectioned with a microtome, but instead were ground down to their final thickness. The osteocytes and blood vessels often are absent from preparations 
such as these; what you see in the canals and lacunae is debris left from grinding. The central Haversian canals (HC), concentric lamellae (L), osteocytes 
(or at least their lacunae) (Oc), and canaliculi (Ca), are visible in both specimens. Circumferential lamellae (CL) are visible in (A) at the left. (A) (3100) 
(B) (3200) 

32003100

3100

A B

5-18 Spongy Bone   Trabeculae (T) of 
spongy bone contain osteocytes and lamellae of 
bone, but these are not organized into Haversian 
systems. Red bone marrow (M) fills the spaces. 
This specimen is from the skull where spongy 
bone is called diploë. (3100)
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5-19 Intramembranous Ossification   Intramembranous ossifica-
tion occurs within a mesenchymal membrane. Trabeculae of bone (T),  
osteoblasts (Ob), and osteocytes (Oc) are identifiable, as is the membrane 
(M) in each specimen. (A) This is a fairly advanced specimen from the 
skull. The outer and inner surfaces will be remodeled into compact bone 
called the inner and outer tables. The internal spongy bone will be called 
diploë. (350) (B) This membrane bone also has yet to produce the surface 
compact bone, but the trabeculae are well formed. (3100) (C) This speci-
men is from a section of the entire skull of an embryonic vertebrate. The 
trabeculae (T) of membrane bone are orange-red and have the characteristic 
osteoblasts on their surface and the trapped osteocytes within. The white 
space at the right is part of the nasal cavity (NC). The bluish structure is 
hyaline cartilage (HC) of the nasal cavity wall. Notice how its perichondrium 
(P) blends with the membrane forming the bone (circled region). (3100) 
(D) This is a frontal section of an embryonic skull. The centers of ossification 
and membrane are visible. Notice the osteoblasts on the surface that are 
partially surrounded by bone. The hyaline cartilage (HC) of the nasal septum 
is the purple object at the center top. (3100)
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5-20 Endochondral Ossification in a Long Bone   This complex process starts with a hyaline cartilage model of the bone. The cartilage is  
replaced by bone tissue as the bone grows in size. See page 52 for details.

230 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 161 231



63Cartilage and Bone  Chapter 5

5-21 Endochondral Ossification at the Primary Center Shown in Cross Section   Although they are from different bones, this collection of im-
ages should allow the reader to piece together the dynamic process of endochondral ossification as it occurs in the diaphysis to produce circumferential 
growth. All images were magnified (375). (A) The primary center of ossification has become active, as evidenced by the enlarged chondrocytes (Cc) at 
the center and the orangish bony collar (BC) produced by subperiosteal osteoblasts. The periosteum (P) is also visible and has partially separated from 
the bone during preparation. Notice that the hyaline cartilage (HC) at the periphery still looks like typical hyaline cartilage. (B) The chondrocytes and matrix 
in the bone’s center have enlarged and some have died from lack of oxygen due to the calcified matrix. Osteoblasts and other marrow cells are visible in 
the primitive marrow cavity (MC). (C) The marrow cavity has gotten larger, the bony collar has gotten more complex, and the chondrocytes at the periphery 
have enlarged. That is, those that remain have reached the stage the interior chondrocytes were at in micrograph (A), but very little cartilage remains in 
the bone’s center, having been removed as the chondrocytes enlarged. (D) Very little cartilage remains and the marrow cavity has been formed through 
osteoclast activity on the bone recently produced. The surface bone (B) has begun remodeling into compact bone (note the circular regions that will  
become Haversian systems—see arrows).
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5-22 Endochondral Ossification in Longitudinal Section   The zones of endochondral ossification are visible in both specimens, which are 
oriented so that the process is further along toward the left. Zones of reserve cartilage (R), proliferation (P), hypertrophy (H), calcification (C), ossifica-
tion (O), and erosion (E) are visible, as are the periosteum (PO), perichondrium (PC), and periosteal bone (PB). (A) Bone tissue is pink in this specimen 
(see periosteal bone for the shade) as is calcified cartilage (which is somewhat paler). Notice how the spaces produced by deteriorated chondrocytes 
allow entry of osteoblasts (Ob) that deposit new bone (B) on the remaining slivers of calcified cartilage (CC). (3100) (B) The calcified cartilage (CC) is 
noticeably darker in this specimen than the normal matrix, but this is not always the case. Bone (B) is a deep pink. (3100)

5-23 Details of Endochondral Ossification   (A) Chondrocytes 
enlarge and multiply at the expense of matrix. When they die from lack  
of oxygen in the calcified matrix (CC), there is little of the original cartilage 
that remains. Bone (B) is deposited on the slivers of calcified cartilage. 
Osteoblasts (Ob) have aligned themselves in rows on the surface of the 
growing bone, a very distinctive feature of them. (3200) (B) This image is 
of the zone of ossification. Bone tissue (B) is deep pink and calcified car-
tilage (CC) is lavender. Osteoblasts are visible in their characteristic rows 
on the bone’s surface. (3200) (C) In this specimen, bone is orange-red 
and calcified cartilage is light blue. The blue just deep to the osteoblasts 
is osteoid (O), the precursor to true bone matrix. (3320)
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A B

5-24 Periosteal Bone   The bony collar is produced by subperioste-
al osteoblasts (Ob) located deep in the periosteum (P) and is considered 
periosteal bone (PB). Growth of the bone in girth (circumferential growth) 
occurs through the continued pre- and postnatal activity of subperiosteal 
osteoblasts adding bone tissue to the outside. Meanwhile, osteoclasts 
resorb bone from the interior to keep the thickness of compact bone ap-
propriate to the bone’s size. If this occurs in the diaphysis, the osteoclasts 
hollow out the interior of most of its bone tissue and form the marrow 
cavity filled with bone marrow (M). Otherwise, the interior remains spongy 
bone with marrow filling in the spaces between trabeculae (T). (3160)

5-25 Surface Remodeling   Bone tissue is produced as woven 
bone. The compact bone on bone surfaces is the result of remodeling 
this bone. Developing Haversian systems (H) are visible in this speci-
men, as are blood vessels (BV). Osteoblasts (Ob) deposit concentric la-
mellae in the open region until all that remains is the Haversian canal 
with its neurovascular bundle. (3480)

3160 3480

5-26 Secondary Center of Ossification   In long bones and some other bones, a secondary center (SC) of ossification opens in the epiphysis 
sometime after birth. The secondary center completely ossifies the epiphysis except for two regions that remain hyaline cartilage: the epiphyseal plate 
that connects the epiphysis and diaphysis, and the articular cartilage. Both micrographs are 325 and show early activity in the secondary center.
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5-27 Epiphyseal Plate   After birth, longitudinal growth 
in long bones is due to the activity of the epiphyseal plate (EP) 
of hyaline cartilage that joins the epiphysis with the diaphysis. 
All the zones of cartilage being replaced by bone are com-
pressed into the epiphyseal plate; all are there, but there may 
be some overlap. New cartilage is formed on the epiphyseal 
side at the same rate as cartilage is replaced by bone on the 
diaphyseal side of the plate. (A) New bone is forming on the 
lower side of this epiphyseal plate, so the epiphysis (E) is  
being pushed upward in this micrograph. (350) (B) The 
epiphysis is toward the upper right in this micrograph. Bone  
is red, reserve cartilage is light blue, and calcified cartilage is 
lavender. (3100) (C) The epiphysis is toward the right in this 
specimen prepared with Mallory triple stain. Chondrocyte nu-
clei are red, as is bone tissue. Hyaline cartilage is light blue 
and calcified cartilage is darker blue. (3200) 
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5-28 Embryonic Synovial Joint   Synovial joints are freely movable. 
The bones involved (which have yet to ossify in this embryonic specimen) 
are held together with a fibrous articular capsule (FC). The joint cavity is 
lined with a vascular synovial membrane (SM) that secretes a lubricating 
synovial fluid. Also notice the articular cartilage (AC) lacking a perichon-
drium. Developing skeletal muscle (SkM) is visible in the lower left of the 
field. (3100)
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5-29 Embryonic Synovial Membrane   The source of synovial fluid is the vascular synovial membrane (SM). (A) In this view of a developing synovial 
joint, notice the continuity of the synovial membrane from one bone to the other (arrow to arrow). The synovial sac formed from this membrane encloses 
the joint cavity (JC) (think in three dimensions) and is filled with synovial fluid. The projection is a synovial villus (SV). (3200) (B) This is a higher magnifi-
cation of the same villus. In it notice the synoviocytes (S) lining the membrane and the abundant blood vessels (BV) in the loose connective tissue in 
its interior. (3400) 
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5-30 Muscular Attachment to Bone   In this specimen the connective tis-
sue of the skeletal muscle (SM) blends with the periosteum (P), which in turn is  
attached to the bone (B) with Sharpey’s fibers (SF). If the muscle had a prominent 
tendon, it would do the same (see Figure 7-9). Notice that in this specimen all tis-
sues are pink, so identification relies on differing textures and distribution of nuclei. 
(3125)
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where they are needed and distributing heat and 
hormones throughout the body.

Blood is a specialized connective tissue, with cells 
dispersed in a fluid intercellular material called 
plasma. Because some blood cells are not actually 
cells when functional, the “cellular” portion is said to 
be made of formed elements (Figure 6.1).

 Formed Elements of Blood
When blood is spun in a centrifuge tube, the plasma 
separates from it and is found on top of the formed 
elements (Figure 6-2). Comprising the majority of 
the formed elements is a red layer made up of eryth-
rocytes (red blood cells, RBCs). On top of the eryth-
rocytes is the narrow buffy coat layer made up of 
leukocytes (white blood cells, WBCs) and platelets 
(thrombocytes). The formed elements constitute 
45% of the blood volume, of which the erythro-
cytes and buffy coat layers account for 44% and 
1%, respectively. Plasma comprises the remaining 
55%. The following are typical cell densities for 
each (Figure 6-3): 

77 Red blood cells: 4.2 to 5.4 million and 4.7 to 
6.1 million RBCs per cubic millimeter (or mi-
croliter–µL) of blood in females and males, 
respectively

77 White blood cells: between 4,800 and 10,800 
(average 8,000) per cubic millimeter (or µL) of 
blood

77 Platelets: between 150,000 and 350,000—it is 
difficult to get an accurate count—per cubic 
millimeter (or µL) of blood.

Erythrocytes (Figure 6-4) are biconcave disc-
shaped cells with an average diameter of 7 to 8 µm 

 Introduction to Blood
Blood functions as a transport medium between organs specialized 
for contacting and exchanging materials with the environment and 
the remainder of cells buried in the body. It transports oxygen from 
the lungs to other body cells and carbon dioxide from these same 
cells back to the lungs. It distributes nutrients absorbed by the intes-
tines and stored in the liver throughout the body, and it picks up 
wastes and transports them to the kidneys for excretion. In addition, 
it is involved in transporting cells of the body’s defenses to sites 

6-1 Blood Cells 7 The formed elements of blood include erythrocytes (red 
blood cells, RBC), leukocytes (white blood cells), and thrombocytes (platelets, P). 
White blood cells include neutrophils (N), monocytes (M), eosinophils (E), lympho-
cytes (L), and basophils (B).
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1 “Pluripotent” means the cell has the potential to produce daughter cells that 
can develop into a variety of specialized cells.

and a thickness of 1.5 to 2.5 µm. They develop from cells in 
bone marrow, lose most organelles (including their nucleus) 
during maturation, and are little more than bags of the red 
oxygen-carrying pigment hemoglobin (plus a few soluble 
enzymes) when functional in the blood. Their shape increases 
surface area for oxygen exchange and makes them pliable 
enough to fit through the smallest blood vessels (3 to 4 µm 
in diameter).

Leukocytes differ from erythrocytes in a number of ways: 
they are larger, nucleated, and although found in the blood 
during transport, they usually function outside of it in the 
tissues. They are divided into two major groups: granulocytes 
and agranulocytes. Granulocytes have prominent cytoplasmic 
granules whose staining properties are a primary basis for 
differentiating the three major types (neutrophils, eosinophils, 
and basophils—see below). They are produced in the bone 
marrow and have azurophilic cytoplasmic granules in addition 
to the specific granules of each cell type. These are modified 
lysosomes and stain light purple. In addition, they have multi-
lobed, or segmented, nuclei, which leads to the other name 
for this group: polymorphonuclear leukocytes (PMNs). The 
characteristics of each granulocyte follows.

Neutrophils (Figure 6-5) are the most abundant leuko-
cytes, accounting for between 60% and 70% of all leukocytes 
in blood. They are slightly larger than RBCs (9 to 12 µm in 
diameter) and have a multilobed nucleus with the lobes often 
joined by thin nuclear strands. Their cytoplasmic granules are 
unstained or are slightly lavender in standard blood smear 
preparations (Wright’s or Giemsa stains). Functionally, they 
are short-lived (days) phagocytic cells.

Eosinophils (Figure 6-6) comprise less than 5% of all 
leukocytes in the blood. They are somewhat larger than 
neutrophils (10 to 14 µm in diameter), have a two-lobed 
nucleus, and their cytoplasmic granules stain red in stan-
dard blood smears. They are active in combating parasitic 
infections, phagocytose antigen-antibody complexes, and 
temper allergic reactions.

Basophils (Figure 6-7) are rare in the blood, comprising 
less than 1% of all leukocytes. They are slightly larger than 
RBCs (8 to10 µm in diameter) and have prominent, dark-
purple cytoplasmic granules that make seeing the S-shaped 
nucleus difficult. They are involved in the inflammatory re-
sponse and like mast cells, are involved in hypersensitivity 
reactions.

Agranulocytes have unlobed nuclei and azurophilic 
granules, but lack the prominent specific granules of granu-
locytes. Lymphocytes and monocytes are the two types of 
agranulocytes and they are produced in the bone marrow.

Lymphocytes (Figure 6-8) account for between 20% and 
25% of all leukocytes in blood. They are slightly larger than 
RBCs (8 to 10 µm in diameter) and have a round nucleus that 
fills most of the cell, leaving only a thin ring of cytoplasm at 
the cell’s periphery. There are three functionally distinct, but 
morphologically indistinguishable, types of lymphocytes. 

These are B cells, T cells, and null cells. B cells differentiate 
into antibody-secreting plasma cells when exposed to the 
proper antigen (Figure 6-9). They are responsible for the  
humoral immune response. T cells do not secrete antibodies 
in response to antigen, but they do have antigen receptors  
in their membranes. Depending on the type of T cell, it may 
execute a cell-mediated immune response as a cytotoxic T 
cell, or it may regulate activity of other cells either as a T-
helper or T-suppressor cell. Null cells are so named because 
they lack the membrane markers that identify T and B cells. 
Natural killer (NK) cells are null cells that kill foreign or  
infected cells without antigen-antibody interaction.

Monocytes (Figure 6-10) comprise between 3% and 8% 
of all blood leukocytes. They are about twice the size of RBCs 
(12 to 15 µm in diameter). The cytoplasm is bluish-gray in 
standard blood smears and the nucleus is often indented (but 
irregular shapes are also seen). Monocytes are the blood form 
of tissue macrophages, which, unlike neutrophils, are long-
lived in tissues (weeks to months). In addition to phagocytic 
activity, some macrophages act as antigen-presenting cells 
(APCs) that phagocytose and digest foreign material, then 
carry the antigen on their own surface to “show” cells of the 
immune system and stimulate a response.

Platelets (Figure 6-11) are cell fragments derived from 
megakaryocytes in bone marrow (see page 71). They are  
involved in the clotting process.

 Composition of Bone Marrow
Marrow is found in the marrow cavity of long bones and fills 
spaces between trabeculae in spongy bone of all bones (Figure 
6-12). It is a highly vascular tissue that contains numerous 
and connected blood sinusoids, a framework of reticular fibers, 
and cells of various types. Red bone marrow is found in all 
fetal bones, but as the individual ages, its distribution is limited 
to ribs, sternum, vertebrae, and flat bones of the skull. Its 
primary function is hemopoiesis (formation of blood cells—
see below). Yellow bone marrow (Figure 6-13) replaces red 
bone marrow during aging, although it maintains the ability 
to revert to red marrow if the need for more blood cells 
arises. It contains abundant fat cells.

 Postnatal Blood Cell Development
Hemopoiesis is the production of blood cells, which is a 
complex process that occurs in the bone marrow. While 
some details remain sketchy (and others have been omitted 
by the author) here is the big picture. Pluripotent stem cells1 
in the bone marrow produce two kinds of stem cells: myeloid 
stem cells and lymphoid stem cells, each of which can produce 
different progenitor cells (that are more limited in the kinds of 
cells they produce). Myeloid stem cells produce erythrocyte 
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3265

progenitors that produce erythrocytes during erythropoiesis, 
megakaryocyte progenitors that produce megakaryocytes 
during thrombopoiesis, and granulocyte/monocyte progenitors 
that produce granulocytes and monocytes during granulopoi-
esis and monopoiesis, respectively. Lymphoid stem cells pro-
duce common lymphoid progenitors that give rise to 
lymphocytes during lymphopoiesis. 

Granulopoiesis, illustrated in Figure 6-14, is the produc-
tion of granulocytes. Each granulocyte type goes through 
similar developmental stages, and all begin with undifferen-
tiated myeloblasts followed by promyelocytes, which contain 
primary (nonspecific, azurophilic) cytoplasmic granules. When 
a promyelocyte develops specific granules characteristic of 
each granulocyte it becomes a myelocyte. Metamyelocytes 
are smaller and have an indented nucleus. Stab (band) cells 
follow and are the last stage prior to a mature granulocyte. 
Stab cells are characterized by a U-shaped to slightly seg-
mented nucleus. (By convention, if the nuclear indentation is 
less than half the nuclear diameter, the cell is a metamyelocyte. 
If more than half of the nuclear diameter, it is a stab cell.) 
Mature granulocytes have the segmented or lobed nucleus 
and appear as they do in blood. Examples of developmental 
stages are shown in Figure 6-15.

Monopoiesis is the production of monocytes (Figure 6-16). 
Monocytes develop from the same stem cell as granulocytes 
and pass through monoblast and promonocyte (Figure 6-17) 
stages before the mature monocyte is formed. During devel-
opment, the cells become smaller and the nuclear indentation 
becomes more prominent. Both of these cells are rare in bone 
marrow smears.2

Lymphopoiesis is the production of lymphocytes (Figure 
6-18). Lymphoblasts and prolymphocytes are the developmen-
tal stages a lymphocyte passes through prior to maturity. These 
are differentiated primarily by size, with the cells becoming 
smaller with maturity, but they are rarely seen in normal bone 
marrow. A mature lymphocyte is shown in Figure 6-17.

Erythropoiesis is the process of RBC formation and the 
sequence is shown in Figure 6-19. Examples of these cells are 
shown in Figure 6-20. Proerythroblasts are large cells with a 
prominent nucleus, little basophilic cytoplasm, and no hemo-
globin. These develop into a series of erythroblasts (normo-
blasts) that show a progressive decrease in size, a loss of 
organelles (along with a loss of basophilic staining), and an 
increase in hemoglobin (along with increasing eosinophilia). 
The stages are basophilic erythroblast, polychromatophilic 
erythroblast, and orthochromatophilic erythroblast. The or-
thochromatophilic erythroblast has a pinkish cytoplasm and 
a small, densely staining nucleus. The final developmental 
stage before the cell is a mature RBC is the reticulocyte. It  
is anucleate and appears very similar to RBCs except its 
cytoplasm contains a bluish network when stained with 

brilliant cresyl blue. It is estimated that erythropoiesis pro-
duces 250 billion RBCs each day!

Thrombopoiesis (Figure 6-21) is the production of plate-
lets. Megakaryocytes are derived from a unipotent stem cell, 
that undergoes several rounds of DNA replication as a 
megakaryoblast without cytokinesis or nuclear division. The 
resulting megakaryocyte is a large (up to 100 µm in diameter), 
polyploid cell (averaging 16N) with a lobed nucleus—each 
of which contains the diploid amount of DNA. It has been 
estimated that collectively they produce 150 billion platelets 
by cytoplasmic fragmentation each day. These cells are shown 
in Figures 6-22 and 6-23.

2 The cells in many lineages are difficult to find in bone marrow smears.  
Much has been learned from in vitro cell culture and experimental 
introduction of cultured cells into spleens and seeing what they produce.

6-2 Hematocrit 7 This capillary tube contains blood that has been 
centrifuged to separate the plasma (above) from the formed elements 
(below). A thin buffy coat (composed of white blood cells and platelets) 
is visible at the RBC and plasma junction.

6-3 Blood Smear 7 Blood is usually examined as a smear on a 
slide stained with either Giemsa (as in this preparation) or Wright’s stain. 
RBCs outnumber leukocytes about 1,000 to 1. Two leukocytes (lympho-
cyte above, neutrophil below) are visible in this field (arrows). (3265)

Plasma

Buffy coat

RBC
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6-4 Erythrocytes 7 The biconcave disc shape of the RBCs (as evi-
denced by their thin, lighter-staining centers) is seen in some cells of 
this Giemsa preparation. RBCs are very sensitive to osmotic conditions 
and their shape may change if the staining conditions are not isosmotic. 
They are also pliable. (31000)

6-5 Neutrophils 7 Neutrophils are granulocytes with a pinkish to 
gray cytoplasm. They are the most abundant leukocyte and are slightly 
larger than RBCs. Mature neutrophils have a segmented nucleus (as in  
micrographs a, B, and C) with lobes joined by a thin strand of nuclear ma-
terial. Immature neutrophils have an unsegmented nucleus and are called 
band cells (as in micrograph D). About 30% of neutrophils in blood samples 
from females demonstrate a “drumstick” protruding from the nucleus, in-
dicated by the arrow in micrograph (C). This is the region of the inactive 
X chromosome. Micrograph (a) was stained with Giemsa stain; the others 
were prepared with Wright’s stain. (All micrographs are 31000)

a

a a

B

B B

C D

6-6 Eosinophils 7 These granulocytes are relatively rare and are 
about twice the size of RBCs. Their cytoplasmic granules stain red, and 
their nucleus usually has two lobes. Micrograph (a) was prepared with 
Giemsa stain; (B) was prepared with Wright’s stain. Both were magnified 
31000.

6-7 Basophils 7 Basophils comprise only about 1% of all leukocytes. 
They are slightly larger than RBCs and have dark-purple cytoplasmic gran-
ules that obscure the nucleus. Micrograph (a) was prepared with Giemsa 
stain and (B) was prepared with Wright’s stain. Both were magnified 
31000.

31000

31000 31000 31000 31000

31000 31000

31000 31000
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a B C

a aB B

6-10 Monocytes 7 Monocytes are the blood form of macrophages. 
They are about twice the size of RBCs and have a round or indented nu-
cleus (horseshoe shaped on the left, kidney shaped on the right). Both 
micrographs are 31000. (a) Giemsa stain. (B) Wright’s stain.

6-9 Plasma Cells 7 B lymphocytes develop into plasma cells 
when stimulated by the appropriate antigen. Plasma cells secrete  
protective antibodies against a specific antigen–conveniently the one 
that stimulated their conversion from a B lymphocyte. This plasma cell 
(arrow) is recognizable because of its elongated shape, eccentric nu-
cleus with “clock face” chromatin, and a pale region near the nucleus 
(the site of the Golgi apparatus). This specimen is from the colon. Also 
see Figure 2-10. (3660)

6-11 Platelets 7 Platelets (arrows) are cell fragments involved in 
clotting. (a) Giemsa stain. (B) Wright’s stain. Platelets may also be seen 
in Figures 6-5b, 6-5c, and 6-7b. Both micrographs are 3660.

31000 31000 3660 3660

6-8 Lymphocytes 7 Lymphocytes are common in the blood, comprising up to 25% of all leukocytes. Most are about the size of RBCs and have 
only a thin halo of cytoplasm (arrow) encircling their round nucleus. (If you don’t see that halo, you will probably misidentify the cell as a basophil.) 
They belong to functional groups called B cells and T cells, which are morphologically indistinguishable. Micrographs (a) and (B) are small lymphocytes 
and were prepared with Giemsa and Wright’s stains, respectively. Some lymphocytes are larger, as in micrograph (C). These are natural killer cells or 
some other type of “null” cell (NC). A neutrophil is also seen in (C). All micrographs are 31000.

31000

3660

31000 31000

NC
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6-12 Red Marrow 7 (a) The spaces between trabeculae of spongy bone (T) are often filled with red marrow. It consists of various developmental 
stages of blood cells. (350) (B) Blood sinusoids (S), marrow cells, and two megakaryocytes (arrows) are visible. (3250)

6-13 Yellow Marrow 7 (a) In most bones, red marrow is replaced by yellow marrow in adults. The majority of cells are adipocytes (A). (360)  
(B) Adipocytes, sinusoids (S), and some remaining developing blood cells (BC) are seen more clearly in this higher magnification. (3250)

3250

3250

350

a

a

B

B

BC

a

a

T

T

S

S

360
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6-14 Granulocyte Development 
(Granulopoiesis) 7 Through the pro-
myelocyte stage, the precursors of neu-
trophils, basophils, and eosinophils are 
indistinguishable. Once myelocytes be-
gin accumulating granules specific to 
each granulocyte, each developmental 
series can be traced separately. The 
overall pattern involves accumulation 
of cytoplasmic granules and progres-
sive indentation and segmentation of 
the nucleus.

6-15 Bone Marrow Smears Illustrating Granulocyte Development 7 These marrow smears 
illustrate most of the cells in the granulocytic developmental series. Some cells will be encountered 
frequently (e.g., neutrophilic cells) whereas others are much less common (e.g., basophils).  
(a through F, 3660)

Key to symbols used
 MB 5 myeloblast
 P 5 promyelocyte
 nB 5 neutrophilic band
 nM 5 neutrophilic myelocyte
nMM 5 neutrophilic metamyelocyte
 nS 5 neutrophilic segmented
 eM 5 eosinophilic myelocyte
eMM 5 eosinophilic metamyelocyte
 eS 5 eosinophilic segmented
 B 5 basophilic myelocyte

3660

3660

3660

3660

3660

3660
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6-16 Monocyte Devel-
opment (Monopoiesis) 7 7
Note that the progenitor  
is the same cell that gives 
rise to the granulocytic cells. 
Cells of monocyte develop-
ment are difficult to find in 
marrow smears.

6-17 Bone Marrow Smear Illustrating 
Monocyte and Lymphocyte Development 7
The precursors of lymphocytes and monocytes 
are relatively rare in marrow smears. Shown 
here are a promonocyte (PM) and lymphocyte 
(L). Early stages of lymphocyte development 
are often difficult to tell apart. If there is doubt 
as to a cell’s identity, by convention it is just 
called a lymphocyte. (3660)

6-18 Lymphocyte Devel-
opment (Lymphopoiesis) 77
Lymphocytes go through only 
two stages in development  
in marrow. Unlike other blood 
cells, they continue their  
development outside the 
marrow in lymphoid tissue 
throughout the body.

6-19 Erythrocyte Devel-
opment (Erythropoiesis) 7
The major changes in eryth-
rocyte development are a  
decrease in size, loss of  
organelles (most notably,  
the nucleus), and an increase 
in cytoplasmic hemoglobin.

6-20 Bone Marrow and Blood Smears Illustrating Erythrocyte Development (a) through (C) are bone marrow 
smears. All are 3660. Key to symbols used: proE 5 proerythroblast, pE 5 polychromatophilic erythroblast, oE 5 
orthochromatophilic erythroblast. Note the oE extruding its nucleus in (B) and the dividing oE in (C). Both are indicated 
with arrows. (D) This blood smear stained with new methylene blue shows reticulocytes (Re). These cells comprise 
0.5% to 2% of RBCs in circulation. An elevated number (as in this specimen) may be indicative of anemia, with bone 
marrow delivering immature cells to circulation to compensate. The dark blue material is RNA. (31000)

a B

C D

3660

36603660

3660 31000

L

PM

oE
oE

oE

pE
pE

Re

proE

proE
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a

B6-21 Thrombocyte 
(Platelet) Development 
(Thrombopoiesis) 7 7
Megakaryoblasts develop 
into megakaryocytes by re-
peated DNA replications with-
out cytokinesis or mitosis. 
Once formed, a megakaryo-
cyte undergoes fragmenta-
tion to produce hundreds to 
thousands of thrombocytes.

6-22 Bone Marrow Smears Illustrating Thrombocyte Development 
7 (a) Megakaryoblast with a single, unlobed nucleus. Compare its size to the 

RBCs and leukocyte precursors in the field. (3750) (B) The characteristic 
lobed nucleus in this megakaryocyte is visible. Again, note its size. (3750)

3750

3750
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6-23 Section of Bone Marrow 7 Because of its size, this megakaryocyte  
(arrow) stands out against the marrow cells. Also see Figure 6-12b. (3265)

3265
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 Characteristics of Skeletal Muscle
Skeletal muscle (Figure 7-2) is associated with the bones of 
the skeleton and is responsible for body movement. It also 
may be found associated with the skin (such as in the mus-
cles of facial expression) and with some viscera (the proximal 
end of the esophagus, for example). In all cases, skeletal 
muscle is under voluntary control. 

Skeletal muscle fibers are long (up to 3 cm) with a diame-
ter between 10 and 100 µm. They are multinucleate, with 
their nuclei pushed to the periphery of each fiber next to the 
sarcolemma (plasma membrane) (Figure 7-3). Approximately 
80% of a skeletal muscle fiber’s volume is composed of 
myofibrils, which hold the contractile apparatus (Figure 7-4). 
The remainder is composed of mitochondria, ribosomes, 
storage materials (glycogen and lipid droplets), and a complex 
tubular system consisting of sarcoplasmic reticulum (SR) and 
transverse (T) tubules that wrap around the myofibrils. T 
tubules are invaginations of the sarcolemma and allow rapid 
transmission of an action potential (the electrical signal that 
says, “Contract!”) to the myofibrils throughout the fiber. 
Sarcoplasmic reticulum, which resembles smooth endoplasmic 
reticulum (ER), is the site of calcium ion storage. When stim-
ulated by an action potential, they release their calcium, which 
in turn activates the contractile apparatus. Two expansions of 
SR called terminal cisternae surround a T tubule in the region 
of the A band (see next paragraph) and form a muscle triad. 

With the light microscope, alternating dark and light 
bands are visible, giving the fibers a striped or striated  
appearance (Figures 7-2 and 7-5). The dark striations are 
called A bands, whereas the lighter ones are known as I 
bands. A thin Z disk bisects each I band. With electron  
microscopy, it is seen that striations are the product of the 
highly organized arrangement of actin (along with associated 
proteins troponin and tropomyosin) and myosin filaments 
within each fiber (Figures 7-6 and 2-15b). These filaments 
form the contractile apparatus and cause fiber shortening by 

 Introduction to Muscle Tissue
Muscle tissue is a highly cellular and vascular tissue specialized 
for contraction. Muscle contraction results in movement of a 
body part, propulsion of a substance, or in some instances, 
stopping movement of a substance.

There are three basic types of muscle tissue: skeletal muscle 
(Figure 7-1), cardiac muscle, and smooth (visceral) muscle. 
The cells of all muscle tissues are long and thin, and are re-
ferred to as muscle fibers.

7-1 Muscular System  
Shown are the skeletal muscles 
most people associate with the 
muscular system, but two other 
muscle types that are not shown 
are smooth muscle, found in the 
walls of organs, and cardiac 
muscle, which is found only in 
the heart. All three are covered 
in this chapter.
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a mechanism known as the sliding filament theory. In this 
model, the contractile unit is the region between two Z disks 
and is called a sarcomere. During contraction, the Z disks are 
brought closer together. As the actin and myosin filaments 
slide across one another in a ratchet-like fashion, the I bands 
become narrower but the A bands stay the same width. Note 
that it is the fiber that shortens, not the filaments.

Skeletal muscle tissue is combined with connective tissues 
to form specific muscle organs, such as the biceps brachii or 
gluteus maximus. The connective tissue components of a 
muscle weave between the muscle fibers and bind the whole 
organ together. Covering the entire muscle is epimysium 
(Figures 7-7 and 7-8), a dense irregular collagenous tissue 
layer. Smaller extensions of epimysium penetrate the muscle 
as perimysium and surround several fibers to form a fascicle. 
Extending from the perimysium is a fine layer of reticular 
tissue and basal lamina called endomysium that surrounds 
each individual fiber. These connective tissue layers are all 
continuous with the connective tissue of the muscle’s tendon, 
which in turn attaches to the bone’s periosteum (Figures 7-9 
and 7-10). In addition, many of the connective tissue fibers 
in the tendon are attached directly to the membranes of the 
muscle fibers. Thus, when a muscle contracts it pulls on its 
connective tissue (including its tendon), which transmits the 
tension to the bone, moving it.

Skeletal muscle fibers can be classified as one of three 
types based on diameter, amount of myoglobin (structurally 
similar to hemoglobin and also associated with oxygen 
transport), rate of contraction, and other features. The fiber 
types are red slow twitch fibers, white fast twitch fibers, and 
intermediate fibers (Figure 7-11). Red fibers are red because 
of their abundance of myoglobin. They have a smaller fiber 
diameter, a lower glycogen content, and are capable of 
slower and weaker contractions than white fibers, but do 
not fatigue as easily. White fibers have less myoglobin and 
more glycogen than red fibers. They also are larger, contract 
more rapidly and with greater strength, but fatigue easily. 
Intermediate fibers are intermediate between white and red 
fibers in these characteristics. All muscles have all fiber types, 
but the proportions differ depending on the primary role 
played by the muscle. Red fibers are abundant in postural 
muscles, whereas white fibers predominate in appendicular 
muscles.

Each skeletal muscle fiber is supplied (innervated) by a 
somatic motor neuron. The structure formed between the 
muscle fiber and its somatic motor neuron is a neuromuscular 
junction (Figure 7-12). Although not visible in light micro-
graphs, there is an actual gap between the membranes of the 
neuron and muscle fiber called a synaptic cleft. When a nerve 

impulse reaches the end of the neuron, a chemical neurotrans-
mitter (acetylcholine) is released into the synaptic cleft, diffuses 
across it, and stimulates the muscle cell to contract.

Muscle spindles (Figure 7-13) are sensory organs in skeletal 
muscles that detect stretching. They are formed from modified 
muscle fibers and somatic sensory neurons. If stretched, they 
initiate a stretch reflex that results in contraction.

 Characteristics of Cardiac Muscle
Cardiac muscle tissue (Figure 7-14) is found only in the heart 
where it forms the myocardium, the thickest layer of the heart 
wall. The tissue is under involuntary control and has the in-
nate ability to contract rhythmically, although the nervous 
system and hormones can modify contraction rate.

Cardiac muscle fibers are striated, branched, and uninu-
cleate (occasionally two nuclei are present), with the oval 
nucleus found near the fiber’s center. They are less than 100 
µm long and about 15 µm in diameter. Sarcomere arrangement 
is the same as in skeletal muscle, but there are minor differences 
in abundance and arrangement of T tubules and SR.

Intercalated disks (Figure 7-15), found at the junctions 
between cells, are seen as dark transverse lines with the light 
microscope. They physically bind the cells together so the 
force of contraction is transmitted between the linked cells. 
They also promote the rapid spread of electrical action po-
tentials from cell to cell via gap junctions.

Cardiac muscle is very vascular, with abundant capillaries 
visible between fibers (Figure 7-16). An endomysium of col-
lagenous fibers is also present.

 Characteristics of Smooth Muscle
Smooth muscle (Figure 7-17) is found in the walls of organs, 
so it is also known as visceral muscle. It is under involuntary 
control and is capable of slow, sustained contractions. (Think 
of the uterus during childbirth!) Smooth muscle fibers are 
long and tapered at both ends with a single, central nucleus 
conforming to the cell’s shape. There are no striations (hence 
“smooth”), because the actin and myosin filaments do not 
show the same degree and kind of organization seen in skel-
etal and cardiac muscle.

Two layers of smooth muscle are often in the walls of 
tubular organs, with the fibers of one layer running the length 
of the organ and the fibers of the other layer oriented around 
the organ (Figure 7-18). These longitudinal and circular  
layers are capable of producing a specialized form of con-
traction in tubular organs called peristalsis.
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7-2 Skeletal Muscle  Transverse striations and many peripheral nuclei 
(N) characterize skeletal muscle fibers. (3230)

3230
3210

3210

N

A

B

7-3 Skeletal Muscle in Various Sections  These speci-
mens from the tongue show skeletal muscle fibers sectioned in all 
planes. Even though the striations are not visible in cross section, 
the peripheral nuclei (arrows) are a useful feature for identifying this 
tissue. Both micrographs are 3210.

7-4 Muscle Fiber Structure  Sarcolemma (plasma membrane) surrounds the complex, but highly organized, interior of each fiber. Protein fila-
ments forming the contractile machinery are found within myofibrils, which occupy the majority of a fiber’s volume. Wrapped around each myofibril are 
two membranous systems: sarcoplasmic reticulum (SR) and T tubules. SR stores calcium ions, which are released when stimulated by an action po-
tential carried by the T tubules from the fiber’s surface to its interior (thus ensuring that all myofibrils, for all practical purposes, contract in unison). 
Calcium is necessary for the actin and myosin filaments to slide across one another to produce shortening of the fiber. Note the terminal cisternae of 
SR found on either side of T tubules, which form a muscle triad.
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7-5 Striations  In the light microscope striations are 
seen as thick dark stripes (A bands) and faintly visible thin 
dark lines (Z disks) bisecting thick light stripes (I bands).  
Notice that the nuclei are not in the striated part of the cell. 
(3630)
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Approx. 318,000

7-6 The Sarcomere  While many other proteins are present, the orderly arrange-
ment of actin and myosin filaments accounts for the striations in skeletal muscle. As you 
examine these TEMs, compare them to Figures 7-4 and 7-5. (A) This TEM of relaxed mus-
cle clearly shows the striations. Visible are the darker A bands (A) and the lighter I bands 
(I). The dark part of A bands is produced by overlapping actin and myosin filaments (see 
below), whereas I bands are primarily actin filaments. Z lines (Z), made of multiple pro-
teins, bisect I bands and form the boundaries of a sarcomere, the contractile unit of skele-
tal muscle. Light H bands (H), which are regions of myosin filaments, and darker M lines 
(M) are found within the A bands. Proteins that keep the myosin filament “in line” reside 
at the M line. Also note the nuclei (N), sarcoplasmic reticulum (SR), and myofibrils (Mf). 
(Approx. 318,000) (B) This TEM shows a contracted muscle. Notice that the I band is 
relatively small. This is because most of the actin filaments’ length is now overlapping 
with myosin filaments. A point to remember: The sarcomere shortens, the filaments 
don’t. Note the mitochondrion (Mt). (Approx. 322,000) (Courtesy of UCSD Medical Center)

7-7 Skeletal Muscle Components  Binding skeletal muscles together are three layers of 
interwoven connective tissue, defined by their location. In order of decreasing density: epimysium 
covers the whole muscle, perimysium surrounds bundles of muscle fibers (fascicles), and endomy-
sium surrounds each individual fiber. The tendon emerging from the muscle is a continuation of 
these connective tissue layers, especially the epimysium.

Approx. 322,000
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7-8 Connective Tissue of Skeletal Muscles  Muscle fibers in a skeletal muscle are held together by fibrous connective tissue. Epimysium (Ep) 
surrounds the entire muscle, perimysium (P) surrounds a fascicle of fibers, and endomysium (En) surrounds each individual fiber. Note the peripheral 
nuclei in both specimens. (A) A thick epimysium is seen in this muscle cut in cross section. (3200) (B) The fascicles in this cross-sectioned specimen 
have separated during preparation, but this makes the three connective tissue layers more visible and emphasizes their continuity. It also defines the 
fascicles (outline-F). (3230)

7-9 Musculotendinous Junction  (A) In this longitudinal section, the end of the muscle (M) and its tendon (T) are seen. (360) (B) This is a 
higher magnification of the boxed region in (A). In it you can more clearly see the continuity of the muscle’s connective tissue components combining 
to form the tendon. Also seen are regions where the connective tissue fibers are bound to the muscle fibers’ membrane (arrows). (3250)
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M

M

3200 3230

360 3250

252 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 161 253



A Photographic Atlas of Histology84

7-10 Tendinous Attachment to Bone  The collagenous fibers of 
the tendon (T) on the left blend with the periosteum and penetrate the 
bone (B) matrix to anchor the muscle firmly to the bone in the region  
indicated by the bracket. (360)

7-12 Neuromuscular Junction  The junction between a somatic motor 
neuron (SMN) and its muscle fiber is a complex structure known as a neuro-
muscular junction (NMJ). Two are seen in this whole-mount specimen. Acetyl-
choline is the neurotransmitter that crosses the synaptic cleft. (3250)

7-11 Fast and Slow Twitch Fibers  Two fiber types are identifiable 
in this cross section stained for glycogen (PAS reaction), which is more 
abundant in the larger white fast twitch fibers (FT). The fibers lacking gly-
cogen tend to be the smaller, red slow twitch fibers (ST). (3250)

7-13 Muscle Spindles  Muscle spindles (MS) are receptors 
that provide sensory information about the amount of stretch placed 
on a muscle. A neuromuscular junction (NMJ) is also seen. (3250)
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7-14 Cardiac Muscle  (A) Cardiac muscle is found only in the heart, where it forms the myocardium. Its fibers are faintly striated (not visible in 
this micrograph of a longitudinal section), branched (arrows), and typically uninucleate. (3250) (B) The central position of the nuclei is easily seen in 
this cross section of cardiac muscle, but obviously, branching fibers and striations are not. (3250)

7-15 Intercalated Disks  Iron-hematoxylin stain ac-
centuates the striations and intercalated disks (ID) of cardiac 
muscle fibers. Membranes of adjoining cells at intercalated 
disks interdigitate and also possess gap junctions for impulse 
conduction. Fiber branching is also visible. (3630)

7-16 Capillaries of Cardiac Muscle  Cardiac muscle is very vascular, as  
evidenced by the numerous capillaries (C) seen in this micrograph. An endomysium 
(En), faint intercalated disks (arrows), and branching fibers are also visible. (3250)

3250

3630 3250
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7-17 Smooth Muscle  (A and B) Note the absence of striations 
and the random distribution of nuclei throughout these sections of 
smooth muscle. Smooth muscle is sometimes confused with dense reg-
ular connective tissue, but in the latter, nuclei are usually in rows (com-
pare to Figure 4-16). (A) (3120); (B) (3120). (C) Smooth muscle fibers 
are elongated with tapered ends, which are evident in these isolated 
cells. Notice the single nucleus (N) and absence of striations. (3120)

7-18 Smooth Muscle Layers  In many tubular organs, smooth 
muscle is found in longitudinal (L) and circular (C) layers (relative to the 
tube). Both specimens are cross sections of the small intestine, which 
means the longitudinally arranged fibers will also be cut in cross section, 
and the circularly arranged fibers will be cut longitudinally. It is this ar-
rangement that moves materials through the organ by peristalsis. For 
histologists, it allows easy viewing of smooth muscle in longitudinal and 
cross sections! (A) 3120. (B) 3250.
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 Introduction to the Integument
The integumentary system (Figure 11-1) consists of the skin 
and its appendages, such as hair, nails, and various glands. It 
functions as a covering for the entire body. In this role, it pro-
tects against mechanical damage and presents a barrier to 
penetration by chemicals and infectious agents. It also is in-
volved in sensation, thermoregulation (through sweat glands 
and regulating blood flow), vitamin D synthesis, and immunity.

It is the largest organ in the body, comprising up to 20% 
of its mass. The average thickness of the skin is about 1 to 

2 mm, but it tends to be thicker on dorsal surfaces than on 
ventral surfaces (the palms of the hands and soles of the feet 
are exceptions to this, because they are thick ventral surfaces).

 Layers of the Integument
The skin is composed of two layers: the superficial epidermis 
and the deeper dermis (Figures 11-2 and 11-3). Deep to the 
dermis is the hypodermis, also known as superficial fascia. 
Where it is replaced with adipose tissue, it is known as 
subcutaneous fat. Although the hypodermis is not part of the 
integument, it will be covered in this chapter, because it is 
visible on most skin slides and some epidermal appendages 
penetrate it.

Epidermis
The epidermis is derived from ectoderm and is composed  
of keratinized stratified squamous epithelium. Its thickness 
ranges from 0.1 mm (over most of the body) to 1.4 mm 
(on the soles of the feet). Thick skin (Figure 11-4a) is found 
on the palms of the hands and soles of the feet. The rest of 
the body is covered with thin skin (Figure 11-4b).

The main epidermal cells are called keratinocytes. The 
basal cells are the healthiest because of their proximity to 
the dermal capillaries. It is in this layer that epidermal stem 
cells are found. As they undergo mitosis, they push preceding 
generations of cells toward the surface and down the oxygen 
concentration gradient. Eventually, the keratinocytes occu-
py a position where they can’t get enough oxygen to satisfy 
their metabolic needs and they die. This process involves 
degeneration of the nucleus and other organelles, and accu-
mulation of the protein keratin. It is the progression from 
healthy to dying to dead cells that produces the layers seen 
histologically in the epidermis.

The epidermis of thick skin presents five distinct layers 
(Figure 11-5), whereas in thinner skin only three are generally 

11-1 Integumentary System    
The integumentary system consists of 
the skin and its appendages, such as 
hair, nails, and sweat glands.
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visible. From deep to superficial (which coincides with the 
stages of development), these are the stratum basale, stratum 
spinosum, stratum granulosum, stratum lucidum, and stratum 
corneum. The stratum basale (stratum germinativum) is the 
deepest layer of the epidermis. It is composed of healthy (due 
to their proximity to the dermal capillaries) cuboidal to low 
columnar cells, many of which undergo mitosis. The stratum 
spinosum is the thickest layer. It is characterized by the 
“prickly” appearance of its cells due to the desmosomes that 
attach adjacent cells and to shrinkage during preparation. 
The deeper cells continue mitotic activity, but this ability is 
lost in the more superficial layers. The stratum granulosum is 
characterized by cells containing dark-staining keratohyalin 
granules, an indication that they have begun to keratinize. It 
is usually about five cells thick. Secretion of a lipid material 
by these cells makes the epidermis waterproof. The stratum 
lucidum is characterized by cells that have lost their nuclei 
and have accumulated keratin. It is only seen in thick skin, 
but not in all preparations. The most superficial layer of the 
epidermis is the stratum corneum. It consists of dead, flattened, 
anucleate cells that have accumulated abundant keratin. As 
these cells approach the surface, they lose their intercellular 
attachments (desmosomes) and are sloughed off. The life 
span of a keratinocyte depends on the age of the individual 
and its location, but common estimates are between 15 and 
30 days.

Besides keratinocytes, other cells are seen in the epidermis. 
Langerhans cells (Figure 11-5c) are a component of the  
immune system and function as antigen-presenting cells. 
They originate in bone marrow and are characterized by a 
dark-staining nucleus with pale cytoplasm and numerous 
cytoplasmic extensions (hence their other name, dendritic 
cells). They are found in many places, but are most abundant 
in the stratum spinosum. Epithelial tactile (Merkel) cells are 
found in the stratum basale of fingertips and oral mucosa, 
and have indented nuclei. They act as mechanoreceptors and 
are best seen in electron micrographs.

Melanocytes (Figure 11-6) are pale-staining cells derived 
from neural tissue and are found in the stratum basale. They 
produce the brown to black pigment melanin in membrane-
bound structures known as melanosomes that are deposited 
in the cytoplasm of keratinocytes of the stratum basale and 
stratum spinosum. The melanin accumulates near the nucleus 
on the side closest to the surface, where it protects the nucleus 
by absorbing ultraviolet radiation. Each melanocyte serves a 
handful of keratinocytes and forms a structural unit called 
an epidermal-melanin unit. Differences in skin color are not 
due to density differences of these units, but rather are due 
to the rate of melanin production, how widely distributed it 
is (primarily through the stratum spinosum), and how much 
is accumulated in each of the keratinocytes. The environment 

can also affect skin color. Exposure to sunlight results in 
darkening of the skin (tanning), which is a consequence of 
increased melanocyte activity and darkening of existing 
melanin. Figure 11-6 shows pigmented skin. 

Dermis
The dermis is deep to the epidermis and is the connective 
tissue component of the skin. The surface in contact with the 
epidermis is highly folded into elongated dermal ridges or 
conical dermal papillae (Figure 11-7) that interlock with 
epidermal projections. This anchors the epidermis to the der-
mis and resists separation of the two layers when subjected 
to shearing forces. Dermal ridges are seen on the surface of 
the palm and sole as “fingerprints.”

The portion of the dermis in contact with the epidermis 
and comprising the dermal papillae is a looser and finer 
connective tissue and forms the papillary layer. The papillae 
contain capillary loops (see next paragraph) and tactile  
receptors called Meissner’s corpuscles (Figure 11-8). The 
majority of the dermis is composed of a vascular dense ir-
regular connective tissue. This is the reticular layer (Figure 
11-7). Fibroblasts are the most common cell, but most cells 
of fibrous connective tissue are present. Large blood vessels, 
nerves, and epidermal appendages are present in the reticular 
layer. Pressure receptors called Pacinian corpuscles may also 
be seen (Figures 11-2 and 11-9).

The skin plays a major role in thermoregulation. Its 
large surface area (roughly 1.5 to 2 m2) in contact with the 
environment makes it especially suited for elimination of 
excess body heat by conduction and radiation, but it also 
can be a liability in cold conditions when body heat needs 
to be retained. One mechanism for temperature regulation 
involves the blood vessels in the papillary layer of the dermis. 
Arteriovenous (AV) shunts, or anastomoses, (see Chapter 12) 
allow blood to flow directly from arterioles to venules with-
out passing through capillaries. When body temperature falls 
below normal, these shunts open and the blood bypasses the 
capillaries in the dermal papillae (especially in the fingers and 
toes), which limits heat loss to the environment by conduction 
and radiation. These same shunts close to allow greater blood 
flow near the skin’s surface if excess heat must be removed 
from the body.

Hypodermis
The hypodermis consists of loose connective tissue and an-
chors the skin to the underlying tissues without binding it  
too tightly. This allows free movement of underlying muscles 
without pulling on the skin. The loose connective tissue may 
be replaced by fat, which acts as an insulating layer (Figure 
11-10). Hair follicles, Pacinian corpuscles, and sweat glands 
may be seen in the hypodermis as well as in the dermis.
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 Appendages of the Skin
The epidermis gives rise to a variety of appendages. These 
are nails, hair follicles, and sweat glands.

Hair and Hair Follicles
The hair follicle (Figures 11-2 and 11-11) is an angular 
downgrowth of the epidermis into the dermis or hypodermis. 
It in innervated by sensory nerve fibers. The base of the follicle 
is dilated to form the hair root, which is penetrated by a 
dermal papilla that houses capillaries. Together, the root  
and papilla form the hair bulb. The follicle is surrounded  
by a thick basement membrane called the glassy (hyaline) 
membrane, which itself is wrapped in dense connective tissue.

The hair is made of keratinized cells. It is produced by 
dividing cells at the base of the follicle called the hair matrix, 
which is the functional equivalent of the stratum basale of 
the epidermis. Thus, the hair grows from its base, not its tip. 
Cells become keratinized in a mechanism similar to that seen 
in the epidermis. The portion of the hair above the skin’s sur-
face is called the hair shaft. Frequently, the hair falls out of 
the follicle during slide preparation, so all that is seen is the 
follicle and associated structures.

Two types of hairs are present in humans. Vellus hairs 
are short, fine, and microscopic. These comprise the majority 
of hairs on the human body. Terminal hairs are larger and 
coarser. These are the hairs everyone recognizes as hairs, such 
as those of the scalp.

In cross section, the hair and follicle present several layers 
(Figure 11-12). These are described from the interior of the 
hair to the outermost part of the follicle.

 7 The medulla is at the center of the hair. It is most obvi-
ous in the root; in the shaft the cells are cornified or 
completely absent.

 7 The cortex makes up the bulk of the hair. In the root, the 
cortex is made up of cuboidal cells, but in the shaft the 
cells are flattened and keratinized. Pigment granules and 
air spaces between the cortical cells produce hair color.

 7 The cuticle of the hair is made up of hard keratin and 
surrounds the cortex.

 7 The internal root sheath is part of the follicle and ex-
tends from its base to where the sebaceous gland enters. 
It consists of three layers. The cuticle of the internal 
root sheath is similar in construction to the cuticle of 
the hair and its cells interdigitate with it. Huxley’s layer 
consists of a couple of layers of flattened cells. Henle’s 
layer is a single row of flattened rectangular cells.

 7 The external root sheath is composed of several cell layers. 
The single layer of cells in contact with the connective tis-
sue sheath is columnar; the remaining cells are polygonal 

in shape. These cells are derived from the outermost part 
of the matrix and are separated from the connective tissue 
sheath by the glassy membrane. It is an extension of the 
stratum basale and stratum spinosum of the epidermis. 
The external root sheath houses a population of epidermal 
stem cells capable of division and that serve as a source of 
sebaceous gland and follicle cells. They also contribute 
epidermal cells after injury.

 7 The external root sheath is surrounded by its thick 
basement membrane, called the glassy membrane  
(mentioned above).

 7 External to the glassy membrane, but derived from the 
dermis, is a sheath of connective tissue (mentioned above).

Sebaceous Glands
Hair follicles are associated with simple or branched acinar 
sebaceous glands (Figures 11-11b and 11-13). Gland cells 
near the follicle disintegrate (so the gland is holocrine) and 
release the oily substance sebum into the follicle, which 
moisturizes and lubricates the hair. Division of cells at the 
base of the gland replaces these cells. Because they are thick-
er than their respective follicle, sebaceous glands are often 
seen in sectioned specimens without their follicles.

Arrector Pili Muscles
Arrector pili muscles (Figures 11-11b and 11-14) are 
smooth muscles that insert on the follicle’s connective tissue 
sheath. They are positioned in the obtuse angle formed by 
the follicle and the skin surface. Their contraction straight-
ens the hair, which in other mammals causes the fur to form 
a thicker insulating layer, but in humans only produces 
“goose bumps.” The sebaceous gland is found in the angle 
formed between the arrector pili muscle and the follicle.

Sweat Glands
Sweat glands are downgrowths of the epidermis. They are 
simple, coiled tubular glands of two types. Eccrine sweat 
glands (Figure 11-15) are more numerous and produce a 
watery secretion that has a cooling effect on the body as it 
evaporates. The coiled secretory portion is made up of simple 
cuboidal epithelium and the lumen is small. The relatively 
straight duct leading to the surface is made up of two cell 
layers and eventually stains darker than the secretory layer. 
Apocrine sweat glands (Figure 11-16) are found in the axil-
lary and groin regions. The lumen of the secretory portion  
is wider than in eccrine glands and the secretion is more vis-
cous. Both eccrine, specifically those in the palms and soles 
of the feet, and apocrine glands produce secretions in response 
to emotional stress.
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Nails
Nails (Figure 11-17) are made of keratinized cells that form a 
hard plate on the dorsal and distal sides of the fingers and toes. 
The main part of the nail is the nail plate, which ends distally 
as the free edge, the part that gets trimmed. At the proximal 
end is the nail root, which lies beneath a fold of skin. The nail 
rests on an epidermal layer (corresponding to the stratum  

basale and stratum spinosum) called the nail bed. At the 
proximal end, the nail bed is thickened to form the nail ma-
trix. It is responsible for producing the nail in a process sim-
ilar to hair production. The stratum corneum folds over the 
proximal end of the nail plate as the eponychium and under 
the free edge as hyponychium.

11-2 Structures of the Integument   Refer to this figure as you read about the layers and structures of the integumentary system.

11-3 The Integument   The integument consists of the superficial epi-
dermis (E), a keratinized stratified squamous epithelium, and the deeper dermis 
(D), mostly a dense irregular connective tissue. The hypodermis (H) is deep to 
the dermis and is largely adipose tissue in this specimen, though a few sweat 
glands (SG) are present. (335)

335

D

E

H

SG

SG
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3660

32653100

11-4 Thick and Thin Skin   As you examine these specimens, be mindful of the difference in magnification. (A) This specimen is from the sole 
of the foot and is representative of thick skin. Note the thick keratinized layer (K) on the surface of the other epidermal layers, mostly stratum spinosum 
(SS). (350) (B) Thin skin has a much thinner keratinized layer that appears shredded. Note the pigmentation in the basal epidermal layers. (3400)
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11-5 Epidermal Layers   The epidermis of thick skin presents five 
layers, each representing a stage in the life of a keratinocyte. From deep 
to superficial, these are the stratum basale (SB) (or stratum germinativum), 
stratum spinosum (SS), stratum granulosum (SGr), stratum lucidum (SL), 
which is not always visible, and stratum corneum (SC). (A) 3100 (B) 
3265. (C) The stratum spinosum is characterized by cells with spiny  
intercellular junctions. Note the Langerhans (dendritic) cell (L). (3660)
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11-6 Pigmented Thin Skin   Skin accumulates a 
brown to black pigment called melanin, which is produced  
by melanocytes (M). Differences in the amount of melanin 
are responsible for relative darkness of the skin. (A) Shown  
is a specimen of pigmented thin skin. Note the abundance 
of melanin in the basal layer of the epidermis and that it 
tends to be most dense on the side of the nucleus exposed 
to the sun. (3400) (B) The same features are shown in this 
micrograph of thin skin as in (A), but also notice that melanin 
has been deposited in some cells of the stratum spinosum 
(arrows). (3400) (C) Melanocytes are large, pale-staining 
cells found in the basal layers of the epidermis, and are 
also visible in micrographs (A) and (B). Also note the spiny 
cells of the stratum spinosum (SS). (3765)
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11-7 Dermis   (A) Dermal papillae (DP) project into and 
interdigitate with the epidermal pegs (EP) of the epidermis. 
The irregular margin between the two layers increases surface 
area and limits separation due to shearing forces. (3130)  
(B) This micrograph shows capillaries (C) in the dermal papillae 
of a thin section of skin. (3260) (C) The papillary layer (P) of 
the dermis is in contact with the epidermis and is made of a 
loose connective tissue. The deeper reticular layer (R) is thick-
er and is a dense irregular connective tissue. The difference in 
texture is obvious in this micrograph. (3100)
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11-8 Meissner’s Corpuscles   Meissner’s corpuscles (MC) are receptors for light touch found in dermal papillae. They are especially densely 
distributed in fingertips, palms, and the soles of feet, but are not seen in every papilla. The corpuscle is oval shaped. Look for the elongated nuclei of 
fibroblasts wrapping it transversely. (A) 3210 (B) 3200
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D

D

SkM

D

3210 3200

11-9 Pacinian Corpuscles   These pressure receptors (PC) 
look like a sliced onion in section and are found in the dermis and 
hypodermis, as in this example. (3100)

11-10 Hypodermis   Deep to the dermis (D), the hypodermis (H) is a 
layer of loose connective tissue or adipose tissue (A) that loosely binds the 
integument to the underlying structures. It allows free movement of muscles 
without pulling on the skin. (A) This micrograph shows adipose tissue and 
numerous sweat glands (SG) in the hypodermis. (340) (B) In this specimen, 
the hypodermis (H) is reduced to a few layers of adipocytes lying between the 
dermis (D) above the skeletal muscle (SkM) below. (3100)
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A B
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11-11 Hair Follicle   (A) Hair follicles (HF) are epidermal invaginations into the dermis. They form an angle with the surface and rarely are seen 
in their entirety because the sections are so thin. This means you will likely have to piece together the entire structure from fragments in the specimen. 
(340) (B) This shows a fairly complete hair follicle, but pieces of other follicles are also visible (arrows). Sebaceous glands (SeG) and an arrector pili 
muscle (AP) can also be seen. Note the position of the gland relative to the muscle. (345) (C) The deepest part of the follicle is dilated and forms the 
hair bulb (HB). Also visible are the cortex (C) and external root sheath (ERS). (3110) (D) Each follicle has a dermal papilla (DP) that has capillaries 
and a nerve. It is separated from the hair root cells by a basement membrane (BM), which is continuous with the glassy membrane (GM) on the out-
side of the follicle. Note the large amount of pigment in the hair matrix cells (Ma), which are responsible for hair growth. (3400)

3110 3400

SeG

HF

HF

HF

GM

C

ERS

SeG

AP

HB

Ma

DP

BM

264 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 161 265



A Photographic Atlas of Histology140

11-12 Hairs in Cross Section   (A) This cross section of two 
hair follicles was made at the level of the hypodermis. (3120) (B) This 
section was made higher in the dermis. Symbols used are the same as 
in (A). (3240)

11-13 Sebaceous Glands   Cells of sebaceous glands (SG) 
are large and often have a foamy appearance. Because they are larger 
than their associated follicle (HF), sebaceous glands are often seen with 
no follicle in the section. Both sections were made at the level of the 
dermis. (A) The sebaceous gland on the left is seen to empty into the 
follicle (arrow near the top of the micrograph). The ducts of the others 
are out of the plane of section. (3120) (B) Shown here are follicles cut 
in cross section. Most of the sebaceous glands show no connection 
with them except for the one at the bottom center (3100)
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Key to symbols used
 ERS 5 external root sheath

 GM 5 glassy membrane

 IRS 5 internal root sheath

 C 5 cortex

 CTS 5 connective tissue sheath

 Cu 5 cuticle
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11-14 Arrector Pili Muscles   Contraction of an arrector pili muscle causes 
the hair to stand erect. (A) This micrograph shows an arrector pili (AP) muscle  
attached to the connective tissue sheath (CTS) of a follicle cut in oblique section 
through the dermis (D). Note how the sebaceous gland (SG) is positioned between 
the arrector pili muscle and the hair follicle (HF). (3400) (B) It is very difficult to find 
a perfectly sectioned hair follicle, so one has to make do with what is available. In 
this micrograph, only a very small piece of the follicle (HF) is present, but the seba-
ceous gland (SG) and arrector pili muscle are seen in the dermis. (3120)

3120
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11-15 Eccrine Sweat Glands   (Also see Figure 11-3) Sweat glands are of 
two types—eccrine and apocrine. Eccrine sweat glands produce a watery secretion. 
(A and B) Shown are two eccrine sweat glands in the hypodermis. The secretory  
portion (S) is highly coiled, has large, pale-staining cells, and a small lumen.  
Myoepithelial cells (ME) are associated with the secretory portion. The duct (D) is 
lined with two layers of darker-staining cells. (3200) (C) Three cell types are seen  
in this thin section of an eccrine sweat gland. Clear cells (CC) contact the basement 
membrane and produce the sweat. Dark cells (DC) do not reach the basement mem-
brane. They produce antibacterial chemicals that are released from eosinophilic 
granules (EG) into the lumen. Myoepithelial cells (ME) are the third cell type. (31000)  
(D) This micrograph shows a sweat gland duct (D) as it passes from the hypodermis, 
where the glands (SG) are, through the dermis and into the epidermis. (340) 
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11-16 Apocrine Sweat Glands   Apocrine sweat glands are 
found in the axillary and genital regions of the body. Their secretion is 
more viscous than that of eccrine sweat glands due to the presence 
of proteins, which when digested by skin microbes produces an odor. 
(A) Shown is an apocrine gland (AG) from the axilla. It is located in 
the dermis (D) next to a hair follicle (HF). (340) (B) The secretory 
portion (S) of apocrine sweat glands is coiled and tubular, and is lined 
by a simple cuboidal to simple columnar epithelium. Its large lumen (L) 
makes distinguishing these from eccrine glands relatively easy. The 
ducts empty into hair follicles just above the sebaceous gland. (3400)
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11-17 Nails   (A) This micrograph is of a fetal finger cut in sagittal section. 
Notice the continuity of the stratum corneum with the eponychium and hyponychium. 
(325) (B) This micrograph shows greater detail of the nail root. (365)
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Key to symbols used

ENP
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NB
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H
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 DP 5 distal phalanx

 E 5 eponychium

 H 5 hyponychium

 NB 5 nail bed

 NM 5 nail matrix

 NP 5 nail plate

 NR 5 nail root

 SC 5 stratum corneum
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 The skeletal system of an adult human is composed of 
approximately 206 bones—the number varies from person to 
person depending on genetic variations. Some adults have extra 
bones in the skull called sutural (wormian) bones. Additional 
bones may develop in tendons as the tendons move across a 
joint. Bones formed this way are called sesamoid bones, 
and the patella (kneecap) is an example. 
 The skeleton is divided into axial and appendicular portions 
(table 5.1). The axial skeleton consists of the bones that form 
the axis of the body and that support and protect the organs of 
the head, neck, and trunk. The axial skeleton includes the bones of 
the skull, auditory ossicles, hyoid bone, vertebral column, and rib 
cage.
 The appendicular skeleton (see chapter 6) is composed 
of the bones of the upper and lower extremities and the bony 

girdles, which anchor the appendages to the axial skeleton. 
The appendicular skeleton includes the bones of the pectoral 
girdle, upper extremities, pelvic girdle, and lower extremities.
 The mechanical functions of the bones of the skeleton 
include the support and protection of softer body tissues and 
organs. Also, certain bones function as levers during body  
movement. The metabolic functions of bones include  
hemopoiesis, or manufacture of blood cells, and mineral storage. 
Calcium and phosphorus are the two principal minerals stored 
within bone, and give bone its rigidity and strength.
 The bones of the skeleton are classified into four principal 
types on the basis of shape rather than size. The four classes of 
bones are long bones, short bones, flat bones, and irregular 
bones (fig. 5.1).

Chapter 5

Table 5.1 Classifications of the bones of the adult skeleton.
Axial Skeleton
   Rib cage  25 bones 24 ribs   1 sternum

   Vertebral column  26 bones 7 cervical vertebra  12 thoracic vertebra  5 lumbar vertebra  1 sacrum (5 fused bones)  
1 coccyx (3–5 fused bones)

   Skull  22 bones

       14 facial bones

        8 cranial bones

2 maxilla  2 palatine bones  2 zygomatic bones  2 lacrimal bones  2 nasal bones   
1 vomer  2 inferior nasal concha  1 mandible
 

1 frontal bone  2 parietal bones  1 occipital bone  2 temporal bones  1 sphenoid bone
1 ethmoid bone

   Auditory ossicles  6 bones 2 malleus  2 incus  2 stapes

   Hyoid  1 bone 1 hyoid

Appendicular Skeleton
   Pectoral girdle  4 bones 2 scapulae  2 clavicles

   Pelvic girdle  2 bones 2 os coxae (each contains 3 fused bones: ilium, ischium, and pubis)

   Upper extremities  60 bones 2 humerus 2 radius 2 ulnas 16 carpal bones 10 metacarpal bones  28 phalanx

   Lower extremities  60 bones 2 femurs 2 patellas  2 tibia  2 fibulas 14 tarsal bones 10 metatarsal bones  28 phalanx

Skeletal System: Axial 

Figure 5.1 The shapes of bones.

Long bone

Flat bone

Irregular bone

Short bone
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Figure 5.3 A posterior view of the skeleton.
 1. Parietal bone
 2. Occipital bone
 3. Cervical vertebra    
 4. Scapula
 5. Humerus
 6. Ilium
 7. Sacrum
 8. Ischium
 9. Femur

 10. Tibia
 11. Fibula
12.  Metatarsal bones
 13. Phalanges  
14.  Mandible
 15. Clavicle
 16.  Thoracic 

vertebra
 17. Rib

 18. Lumbar vertebra
 19. Radius
 20. Ulna
 21. Coccyx
 22. Carpal bones
 23.  Metacarpal 

bones
 24. Phalanges
25.   Tarsal bones

 1.  Frontal bone
 2.  Zygomatic bone
 3.  Mandible
 4.  Cervical vertebra
 5.  Clavicle
 6.  Body of sternum
 7.  Rib
 8.  Humerus
 9.  Lumbar vertebra
 10.  Ilium
 11.  Sacrum

 12.  Pubis
 13.  Carpal bones
 14.  Metacarpal bones
 15.  Phalanges
 16.  Femur
 17.  Patella
 18.  Tarsal bones
 19.  Metatarsal bones
 20.  Phalanges
 21.  Orbit
 22.  Maxilla

 23.  Manubrium
 24.  Scapula
 25.  Costal cartilage
 26.  Thoracic vertebra
 27.  Radius
 28.  Ulna
 29.  Symphysis pubis
 30.  Fibula
 31.  Tibia
 32. Lateral malleolus

Figure 5.2 An anterior view of the skeleton.
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Figure 5.4 An anterior view of the fetal skull.
 1. Anterior fontanel
 2. Frontal bone
 3. Frontal suture
 4. Zygomatic bone
 5. Mandible

 6. Parietal bone
 7.  Anterolateral fontanel
 8. Nasal septum
 9. Maxilla
 10. Mental symphysis

Figure 5.5 A lateral view of the fetal skull.
 1. Parietal bone
 2. Area of lambdoidal suture  
 3. Occipital bone
 4. Posterolateral fontanel
 5. Temporal bone
 6. Anterior fontanel
 7. Frontal bone
 8. Area of coronal suture

 9. Anterolateral fontanel
 10. Nasal bone
 11. Sphenoid bone
 12. Zygomatic bone
 13. Maxilla
 14. Mandible
 15. Zygomatic process
16.  External acoustic meatus

Figure 5.6 A superior view of the fetal skull.
 1. Parietal bone
 2. Frontal bone
 3. Area of sagittal suture

 4. Anterior fontanel
 5. Synostosis

Figure 5.7 A posterior view of the fetal skull.
 1. Parietal bone
 2. Posterior fontanel
 3. Occipital bone

 4. Area of sagittal suture
 5. Area of lambdoidal suture 
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Figure 5.4 An anterior view of the fetal skull.
 1. Anterior fontanel
 2. Frontal bone
 3. Frontal suture
 4. Zygomatic bone
 5. Mandible

 6. Parietal bone
 7.  Anterolateral fontanel
 8. Nasal septum
 9. Maxilla
 10. Mental symphysis

Figure 5.5 A lateral view of the fetal skull.
 1. Parietal bone
 2. Area of lambdoidal suture  
 3. Occipital bone
 4. Posterolateral fontanel
 5. Temporal bone
 6. Anterior fontanel
 7. Frontal bone
 8. Area of coronal suture

 9. Anterolateral fontanel
 10. Nasal bone
 11. Sphenoid bone
 12. Zygomatic bone
 13. Maxilla
 14. Mandible
 15. Zygomatic process
16.  External acoustic meatus

Figure 5.6 A superior view of the fetal skull.
 1. Parietal bone
 2. Frontal bone
 3. Area of sagittal suture

 4. Anterior fontanel
 5. Synostosis

Figure 5.7 A posterior view of the fetal skull.
 1. Parietal bone
 2. Posterior fontanel
 3. Occipital bone

 4. Area of sagittal suture
 5. Area of lambdoidal suture 
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Figure 5.8 An anterior view of the skull.
 1.  Frontal bone
 2.  Supraorbital foramen
 3. Lacrimal bone
 4.   Orbital plate of ethmoid bone
 5.   Superior orbital fissure
 6.  Zygomatic bone
 7.  Vomer

 8.  Canine
 9.  Incisors
 10.  Mental foramen
 11.  Supraorbital margin
 12.  Nasal bone
 13.  Sphenoid bone
 14.  Middle nasal concha of ethmoid bone

 15.  Perpendicular plate  
of ethmoid bone

 16.  Infraorbital foramen
 17.  Inferior nasal concha
 18.  Maxilla
 19.  Mandible
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Figure 5.9 A lateral view of the skull.
 1.  Parietal bone
 2.  Squamosal suture 
 3.  Temporal bone
 4.  Lambdoidal suture 
 5.  Occipital bone
 6.  External acoustic meatus
 7.  Condylar process  

of mandible
 8.  Mastoid process of  

temporal bone

 9.  Mandibular notch
 10.  Coronoid process  

of mandible
 11.  Angle of mandible
 12.  Coronal suture
 13.  Frontal bone
 14.  Sphenoid bone
 15.  Orbital plate of  

ethmoid bone
 16.  Nasal bone

 17.  Lacrimal bone
 18.  Zygomatic bone
 19.  Maxilla
 20.  Incisors
 21.  Canine
 22.  Premolars
 23.  Molars
 24.  Mental foramen
 25.  Mandible
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Figure 5.8 An anterior view of the skull.
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Figure 5.9 A lateral view of the skull.
 1.  Parietal bone
 2.  Squamosal suture 
 3.  Temporal bone
 4.  Lambdoidal suture 
 5.  Occipital bone
 6.  External acoustic meatus
 7.  Condylar process  

of mandible
 8.  Mastoid process of  

temporal bone

 9.  Mandibular notch
 10.  Coronoid process  

of mandible
 11.  Angle of mandible
 12.  Coronal suture
 13.  Frontal bone
 14.  Sphenoid bone
 15.  Orbital plate of  

ethmoid bone
 16.  Nasal bone
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 19.  Maxilla
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 22.  Premolars
 23.  Molars
 24.  Mental foramen
 25.  Mandible
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Figure 5.10 A sagittal view of the skull.
 1.  Frontal bone
 2.  Frontal sinus
 3.  Crista galli of  

ethmoid bone
 4.  Nasal bone
 5.  Cribriform plate  

of ethmoid bone

 6.  Ethmoidal sinus
 7.  Nasal concha (inferior)
 8.  Maxilla
 9.  Mandible
 10.  Parietal bone
 11.  Occipital bone
 12.  Temporal bone

 13.  Internal acoustic meatus
 14.  Sella turcica
 15.  Hypoglossal canal
 16.  Sphenoidal sinus
 17.  Styloid process of  

temporal bone
 18.  Vomer
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Figure 5.11 An inferior view of the skull.
 1.  Incisors
 2.  Canine
 3. Incisive foramen
 4.  Median palatine suture
 5.  Maxilla (palatine process)
 6.  Palatine bone
 7.  Lateral pterygoid process of 

sphenoid bone
 8.  Sphenoid bone
 9.  Foramen ovale
 10.  Foramen lacerum
 11.  Carotid canal

 12.  Stylomastoid foramen
 13.  Condyloid canal
 14.  Foramen magnum
 15.  External occipital  

protuberance
 16.  Premolars
 17.  Molars
 18.  Zygomatic bone
 19.  Greater palatine foramen
 20.  Lateral pterygoid process of 

sphenoid bone
 21.  Zygomatic arch

 22.  Vomer
 23.  Mandibular fossa 
 24.  Styloid process of  

temporal bone
 25.  Jugular foramen 
 26.  Mastoid process of  

temporal bone
 27.  Occipital condyle
 28.  Temporal bone
 29.  Mastoid foramen
 30.  Occipital bone

3

276 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 161 277



38 A Photographic Atlas for the Anatomy and Physiology Laboratory

Figure 5.10 A sagittal view of the skull.
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Figure 5.11 An inferior view of the skull.
 1.  Incisors
 2.  Canine
 3. Incisive foramen
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Figure 5.12 A superior view of the cranium.
 1.  Frontal bone
 2.  Foramen cecum
 3.  Cribriform plate of  

ethmoid bone
 4.  Optic canal
 5.  Foramen ovale
 6.  Petrous part of  

temporal bone

 7.  Temporal bone
 8.  Foramen magnum
 9.  Occipital bone
 10.  Crista galli of  

ethmoid bone
 11.  Anterior cranial fossa  
 12.  Sphenoid bone
 13.  Foramen rotundum

14.   Sella turcica of  
 sphenoid bone

 15.  Foramen lacerum
 16.  Foramen spinosum
 17.  Jugular foramen
 18.  Internal acoustic  

meatus
 19.  Posterior cranial fossa  
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Figure 5.13 A lateral view of a disarticulated skull.
 1.  Parietal bone
 2.  Sphenoid bone
 3.  Temporal bone
 4.  External acoustic  

meatus
 5.  Occipital bone

 6.  Zygomatic process  
of temporal bone

 7.  Frontal bone
 8.  Ethmoid bone
 9.  Zygomatic bone
 10.  Maxilla

 11.  Palatine bone
 12.  Coronoid process  

of mandible
 13.  Condylar process  

of mandible
 14.  Mandible
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Figure 5.12 A superior view of the cranium.
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Figure 5.13 A lateral view of a disarticulated skull.
 1.  Parietal bone
 2.  Sphenoid bone
 3.  Temporal bone
 4.  External acoustic  

meatus
 5.  Occipital bone

 6.  Zygomatic process  
of temporal bone

 7.  Frontal bone
 8.  Ethmoid bone
 9.  Zygomatic bone
 10.  Maxilla

 11.  Palatine bone
 12.  Coronoid process  

of mandible
 13.  Condylar process  

of mandible
 14.  Mandible
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Figure 5.15 The orbit of  
the skull.
 1.  Frontal bone
 2.  Optic foramen 
 3.  Superior orbital fissure
 4. Sphenoid bone
 5.  Lacrimal foramen 
 6.  Temporal bone
 7.  Inferior orbital fissure
 8.  Zygomatic bone
 9.  Nasal bone
 10.  Ethmoid bone
 11.  Lacrimal bone
 12.   Inferior nasal concha
 13.  Vomer
 14.  Maxilla
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Figure 5.14 The bones of the right  
facial region.
 1.  Orbital process of  

zygomatic bone
 2.  Zygomatic bone
 3.  Infraorbital foramen
 4.  Maxilla
 5.  Molar
 6.  Premolars
 7.  Lacrimal bone
 8.  Frontal process of maxilla
 9.  Nasal bone
 10.  Inferior nasal concha
 11.  Canine
 12.  Incisors
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Figure 5.15 The orbit of  
the skull.
 1.  Frontal bone
 2.  Optic foramen 
 3.  Superior orbital fissure
 4. Sphenoid bone
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 7.  Inferior orbital fissure
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Figure 5.14 The bones of the right  
facial region.
 1.  Orbital process of  

zygomatic bone
 2.  Zygomatic bone
 3.  Infraorbital foramen
 4.  Maxilla
 5.  Molar
 6.  Premolars
 7.  Lacrimal bone
 8.  Frontal process of maxilla
 9.  Nasal bone
 10.  Inferior nasal concha
 11.  Canine
 12.  Incisors
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Figure 5.16 A CT transaxial  
section through the skull.
 1. Nasal cavity
 2. Sphenoid bone
 3. External acoustic meatus
 4. Foramen magnum
 5. Nasal septum
 6. Wall of bony orbit
 7. Middle ear chamber
 8. Mastoidal sinus

Figure 5.17 A CT image of the  
nasal cavity and paranasal sinuses.
 1. Eyeball in orbit
 2. Nasal cavity
 3. Crista galli
 4. Frontal sinus
 5. Perpendicular plate of  
  ethmoid bone
 6. Ethmoidal sinus
 7. Maxillary sinus
 8. Inferior nasal concha
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Sphenoid bone

Temporal bone

Occipital bone

Figure 5.20 An inferior view of the  
occipital bone.
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 1.  External occipital  
protuberance

 2. Foramen magnum

 3. Occipital condyle
 4. Pharyngeal tubercle 
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Figure 5.19 A posterior view of the sphenoid bone.
 1.  Greater wing of 

sphenoid bone
 2.  Optic foramen 
 3. Foramen rotundum
 4. Pterygoid canal
 5. Lateral pterygoid plate
 6. Superior orbital fissure

 7.  Lesser wing of 
sphenoid bone

 8.  Spine of sphenoid 
bone

 9. Medial pterygoid  
  plate

Figure 5.18 An anterior view of the sphenoid bone.
 1.  Greater wing of sphenoid bone
 2.  Optic foramen 
 3.  Opening into sphenoidal sinus
 4.  Medial pterygoid plate
 5.  Lesser wing of sphenoid bone
 6.  Superior orbital fissure

 7.  Orbital surface of greater  
wing of sphenoid bone

 8.  Foramen rotundum
 9.  Pterygoid canal
 10.  Lateral pterygoid plate
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Figure 5.21 A lateral view of the right temporal bone.
 1.  External acoustic 

meatus
 2.  Mastoid part of 

temporal bone
 3.   Mastoid process 
 4.  Squamous part of 

temporal bone

 5.  Zygomatic process 
of temporal bone

 6.  Mandibular fossa
 7.  Tympanic part of 

temporal bone 
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Figure 5.22 An anterior  
view of the jaws and teeth.
 1. Superior incisors
 2. Superior canine
 3. Superior premolars
 4. Superior molars
 5. Inferior molars
 6. Inferior premolars
 7. Inferior canine
 8. Inferior incisors
 9. Maxilla
 10. Dental alveolus
 11. Root of tooth  
 12. Crown of tooth 
 13. Mandible
 14. Mental foramen

Figure 5.23 A lateral view 
of the jaws and teeth.
 1.  Temporomandibular joint
 2.  Condylar process of 

mandible
 3.  Coronoid process of 

mandible
 4.  Mandibular notch
 5.  Ramus of mandible
 6.  Angle of mandible
 7.  Maxilla
 8.  Superior molars
 9.  Superior premolars
 10.   Superior canine
 11.  Superior incisors
 12.   Inferior incisors
 13.   Inferior canine
 14.  Inferior premolars
 15.   Inferior molars
 16.  Mental foramen
 17.  Body of mandible
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Sphenoid bone

Temporal bone

Occipital bone

Figure 5.20 An inferior view of the  
occipital bone.
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 1.  External occipital  
protuberance

 2. Foramen magnum

 3. Occipital condyle
 4. Pharyngeal tubercle 
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Figure 5.19 A posterior view of the sphenoid bone.
 1.  Greater wing of 

sphenoid bone
 2.  Optic foramen 
 3. Foramen rotundum
 4. Pterygoid canal
 5. Lateral pterygoid plate
 6. Superior orbital fissure

 7.  Lesser wing of 
sphenoid bone

 8.  Spine of sphenoid 
bone

 9. Medial pterygoid  
  plate

Figure 5.18 An anterior view of the sphenoid bone.
 1.  Greater wing of sphenoid bone
 2.  Optic foramen 
 3.  Opening into sphenoidal sinus
 4.  Medial pterygoid plate
 5.  Lesser wing of sphenoid bone
 6.  Superior orbital fissure

 7.  Orbital surface of greater  
wing of sphenoid bone

 8.  Foramen rotundum
 9.  Pterygoid canal
 10.  Lateral pterygoid plate
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Figure 5.21 A lateral view of the right temporal bone.
 1.  External acoustic 

meatus
 2.  Mastoid part of 

temporal bone
 3.   Mastoid process 
 4.  Squamous part of 

temporal bone

 5.  Zygomatic process 
of temporal bone

 6.  Mandibular fossa
 7.  Tympanic part of 

temporal bone 
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Figure 5.22 An anterior  
view of the jaws and teeth.
 1. Superior incisors
 2. Superior canine
 3. Superior premolars
 4. Superior molars
 5. Inferior molars
 6. Inferior premolars
 7. Inferior canine
 8. Inferior incisors
 9. Maxilla
 10. Dental alveolus
 11. Root of tooth  
 12. Crown of tooth 
 13. Mandible
 14. Mental foramen

Figure 5.23 A lateral view 
of the jaws and teeth.
 1.  Temporomandibular joint
 2.  Condylar process of 

mandible
 3.  Coronoid process of 

mandible
 4.  Mandibular notch
 5.  Ramus of mandible
 6.  Angle of mandible
 7.  Maxilla
 8.  Superior molars
 9.  Superior premolars
 10.   Superior canine
 11.  Superior incisors
 12.   Inferior incisors
 13.   Inferior canine
 14.  Inferior premolars
 15.   Inferior molars
 16.  Mental foramen
 17.  Body of mandible
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Figure 5.25 A medial view  
of the jaws and teeth.
 1.  Ethmoidal sinus
 2.   Inferior nasal concha
 3.   Inferior meatus
 4.  Hard palate
 5.  Maxilla
 6.  Superior molars
 7.  Superior premolars
 8.  Incisors
 9.  Inferior premolars
 10.   Inferior molars  

(note impacted wisdom tooth) 
 11.  Mandible
 12.  Sphenoidal sinus
 13.  Styloid process of temporal bone
 14.  Medial pterygoid process

Figure 5.24 The eruption of teeth  
seen in a dissected skull of a  
youth (9 to 12 years old).
 1. Permanent second molar
 2. Permanent first molar
 3. Deciduous second molar
 4. Permanent first molar
 5. Permanent second molar
 6. Permanent second premolar
 7. Permanent second premolar
 8. Permanent canine
 9. Deciduous first molar
 10. Permanent first premolar
 11. Deciduous canine
 12. Incisors
 13. Deciduous canine
 14. Deciduous first molar
 15. Permanent canine
 16. Permanent first premolar

2

3

4

5
6
7

9

10

11

12

13
14

Unit - 3 Support and Movement     Chapter 5 - Skeletal System: Axial 47

Figure 5.26 The curvature 
of the vertebral column.
 1. Cervical curvature
 2. Thoracic curvature
 3. Lumbar curvature
 4. Pelvic (sacral) curvature

Figure 5.27 A posterior 
view of the vertebral column.
 1. Atlas
 2. Axis
 3. Seventh cervical vertebra
 4. First thoracic vertebra 
 5. Twelfth thoracic vertebra 
 6. First lumbar vertebra 
 7. Fifth lumbar vertebra 
 8. Sacroiliac joint
 9. Cervical vertebrae
 10. Thoracic vertebrae
 11. Lumbar vertebrae
 12. Sacrum
 13. Coccyx

Figure 5.28 Representative vertebrae.
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 1. Spinous process (note that it is bifid)
 2. Vertebral foramen 
 3.  Transverse foramen (in transverse 

process)

 4. Body of vertebrae
 5. Facet for tubercle of rib
 6. Inferior facet for head of rib
 7. Spinous process

 8. Lamina
 9. Inferior articular surface 
10.  Transverse process
 11. Pedicle
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Figure 5.25 A medial view  
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Figure 5.24 The eruption of teeth  
seen in a dissected skull of a  
youth (9 to 12 years old).
 1. Permanent second molar
 2. Permanent first molar
 3. Deciduous second molar
 4. Permanent first molar
 5. Permanent second molar
 6. Permanent second premolar
 7. Permanent second premolar
 8. Permanent canine
 9. Deciduous first molar
 10. Permanent first premolar
 11. Deciduous canine
 12. Incisors
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 14. Deciduous first molar
 15. Permanent canine
 16. Permanent first premolar
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Figure 5.26 The curvature 
of the vertebral column.
 1. Cervical curvature
 2. Thoracic curvature
 3. Lumbar curvature
 4. Pelvic (sacral) curvature

Figure 5.27 A posterior 
view of the vertebral column.
 1. Atlas
 2. Axis
 3. Seventh cervical vertebra
 4. First thoracic vertebra 
 5. Twelfth thoracic vertebra 
 6. First lumbar vertebra 
 7. Fifth lumbar vertebra 
 8. Sacroiliac joint
 9. Cervical vertebrae
 10. Thoracic vertebrae
 11. Lumbar vertebrae
 12. Sacrum
 13. Coccyx

Figure 5.28 Representative vertebrae.
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(a)

(b)

Figure 5.31 A radiograph of the  
lumbar vertebrae.
 1. T12
 2. Body of L1
 3. Spinous process of L2
 4. Intervertebral disc
 5. Transverse process of L4

 6. Lamina of L5
 7. Sacrum
 8. Sacroiliac joint

Figure 5.30 Superior views of  
(a) the atlas and (b) the axis.
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 1.  Vertebral foramen 
 2.  Transverse foramen
 3.  Spinous process  

of atlas (posterior 
tubercle)

 4.  Lamina of  
neural arch

 5.  Transverse process  
of atlas

 6.  Anterior arch of atlas
 7.  Spinous process  

of axis
 8.  Vertebral foramen
 9.  Superior articular  

facet for atlas
 10.  Dens (odontoid  

process)

Figure 5.32 A radiograph of the  
cervical vertebrae.
 1. Petrous portion of  
  temporal bone
 2. Atlas
 3. Axis
 4. Intervetebral disc

 5. Body of C3
 6. Intervertebral foramen
 7. Spinous process of C5
 8. Spinous process of C6
 9. Body of C7

Figure 5.29 A lateral view of thoracic vertebrae.
 1.  Vertebral body 
 2.  Intervertebral disc 
 3.  Lamina
 4.  Inferior articular  

process

 5.  Pedicle
 6.  Superior articular  

facet
 7.  Transverse process
 8.  Spinous process
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Figure 5.35 An anterior view of the rib cage.
 1.  True ribs (seven pairs)
 2.  False ribs (five pairs)
 3.  Jugular notch
 4.  Manubrium
 5.  Body of sternum
 6.  Xiphoid process

 7.  Costal cartilage
 8.  Floating ribs (inferior 

two pairs of false ribs)
 9. Twelfth thoracic vertebra 
 10.  Twelfth rib

Figure 5.36 A posterior view of the rib cage.
 1. Intercostal spaces
 2.  Transverse process of 

thoracic vertebra 

 3. Tubercle of rib
 4. Angle of rib
 5. Body of rib

Figure 5.37 A rib.
 1. Superior border
 2. Body of rib
 3.  Articulation site for 

costal cartilage
 4. Internal surface
 5. Costal groove
 6. Angle of rib
 7. Neck of rib
 8. Articular surface
 9. Head of rib
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Figure 5.33 An anterior view of the  
sacrum and coccyx.
 1. Sacrum
 2. Coccyx
 3. Sacral ala
 4. Base of sacrum
 5. Transverse line

 6. Anterior sacral  
  foramina
 7. Apex of sacrum
 8. Coccygeal cornu

Figure 5.34 A posterior view of the  
sacrum and coccyx.
 1.  Superior portion  

of sacral canal
 2. Sacral ala
 3. Posterior sacral  
  foramina
 4. Coccygeal cornu

 5. Superior articular  
  process
 6. Auricular surface
 7. Median sacral crest
 8. Coccyx
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4 8
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Figure 5.35 An anterior view of the rib cage.
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 7.  Costal cartilage
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Figure 5.36 A posterior view of the rib cage.
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 4. Angle of rib
 5. Body of rib

Figure 5.37 A rib.
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Figure 5.33 An anterior view of the  
sacrum and coccyx.
 1. Sacrum
 2. Coccyx
 3. Sacral ala
 4. Base of sacrum
 5. Transverse line

 6. Anterior sacral  
  foramina
 7. Apex of sacrum
 8. Coccygeal cornu

Figure 5.34 A posterior view of the  
sacrum and coccyx.
 1.  Superior portion  

of sacral canal
 2. Sacral ala
 3. Posterior sacral  
  foramina
 4. Coccygeal cornu

 5. Superior articular  
  process
 6. Auricular surface
 7. Median sacral crest
 8. Coccyx
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 The structure of the pectoral girdle and 
upper extremities of the appendicular skeleton is  
adaptive for freedom of movement and extensive 
muscle attachment. The structure of the pelvic girdle 
and lower extremities is adaptive for support and 
locomotion.
 The pectoral girdle is composed of two scapulae 
and two clavicles. The clavicles attach the pectoral 
girdle to the axial skeleton at the sternum. The bones 
of each upper extremity are the humerus, ulna, 
radius, eight carpal bones, five metacarpal bones, 
and fourteen phalanges. In addition, two or more 
sesamoid bones at the interphalangeal joints are  
usually present.
 The pelvic girdle, or pelvis, is formed by two os 
coxae (hip bones) which are united anteriorly by  
the symphysis pubis. The pelvic girdle is attached 
posteriorly to the sacrum of the vertebral column. 
Each os coxae consists of three separate bones: the 
ilium, the ischium, and the pubis. These bones are 
fused in an adult. The bones of each lower extremity 
are the femur, patella, tibia, fibula, seven tarsal bones,  
five metatarsal bones, and fourteen phalanges.  
In addition, two or more sesamoid bones at the 
interphalangeal joints are usually present.
 The various surface features used to identify  
specific bones are presented in Table 6.1.

(a)

(b)

(c)

Figure 6.1 The sections of 
a human femur showing the 
outer compact bone and  
inner spongy bone. Note the 
trajectorial (stress) lines of the 
trabeculae of spongy bone.
 (a)  A coronal section of the 

proximal end of the femur
 (b)  A cross section of the body 

of the femur
 (c)  A coronal section of the 

distal end of the femur
 1. Greater trochanter
 2. Spongy bone
 3. Compact bone
 4. Femoral epicondyle
 5. Head of femur
 6. Trabeculae of spongy bone
 7.  Spongy bone surrounding 

medullary cavity
 8. Compact bone
 9.  Epiphyseal line (remnant of 

epiphyseal plate)
 10. Condyle of femur  
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Chapter 6

Table 6.1 Surface features used to identify specific regions of bones.
Articulating surfaces Description Example

  Condyle A large, rounded, articulating knob Mandible

   Facet A flattened or shallow articulating surface Vertebra

   Head A prominent, rounded, articulating end of a bone Femur

Nonarticulating prominences

   Crest A narrow, ridgelike projection Illium

   Epicondyle A projection above a condyle Humerus

   Process Any marked bony prominence Radius

   Spine A sharp, slender process Scapula

   Trochanter A large process found only on the femur Femur

   Tubercle A small rounded process Humerus

   Tuberosity A large roughened process Tibia

Depressions and openings

   Alveolus A deep pit or socket Maxilla

   Fissure A narrow, slitlike opening Sphenoid

   Foramen (plural, foramina) A rounded opening through a bone Sphenoid

   Fossa A flattened or shallow surface Scapula

   Fovea A small pit or depression; may or may not be articular Femur

   Meatus, or canal A tubelike passageway through a bone Temporal bone

   Sinus A cavity or hollow space in a bone Maxilla

   Sulcus A groove in a bone Humerus

Skeletal System: Appendicular
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(a)

(b)

(c)

Figure 6.2 The sections of a human tibia  
showing the outer compact bone and the inner  
spongy bone. Note the trajectorial (stress) lines of  
the trabeculae of spongy bone.
 (a)  A coronal section of the proximal end of the tibia
 (b)  A cross section of the body of tibia
 (c)  A coronal section of the distal end of the tibia
 1. Intercondylar eminences
 2. Epiphyseal line
 3. Spongy bone
 4. Compact bone
 5. Medial malleolus

 6. Lateral condyle
 7. Trabeculae of  
  spongy bone
 8. Spongy bone
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Figure 6.3 An anterior view of the left scapula.
 1. Superior border
 2. Superior angle
 3. Medial (vertebral) border
 4. Inferior angle
 5. Acromion

 6. Coracoid process
 7. Glenoid fossa
 8. Infraglenoid tubercle
 9. Subscapular fossa
10.  Lateral (axillary) border

Figure 6.4 A posterior view of the right scapula.
 1. Superior angle
 2. Supraspinous fossa
 3. Spine
 4. Infraspinous fossa
 5. Medial (vertebral) border

 6. Inferior angle
 7. Acromion
 8. Glenoid fossa
 9. Lateral (axillary) border

Figure 6.5 An inferior view of the clavicle.
 1. Conoid tubercle
 2. Acromial extremity

 3. Sternal extremity
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Figure 6.3 An anterior view of the left scapula.
 1. Superior border
 2. Superior angle
 3. Medial (vertebral) border
 4. Inferior angle
 5. Acromion

 6. Coracoid process
 7. Glenoid fossa
 8. Infraglenoid tubercle
 9. Subscapular fossa
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Figure 6.4 A posterior view of the right scapula.
 1. Superior angle
 2. Supraspinous fossa
 3. Spine
 4. Infraspinous fossa
 5. Medial (vertebral) border
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Figure 6.5 An inferior view of the clavicle.
 1. Conoid tubercle
 2. Acromial extremity

 3. Sternal extremity
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(a) (b)

Figure 6.8 A posterior view  
of the right ulna and radius.
 1. Olecranon
 2. Radial notch of ulna
 3. Interosseous margin
 4. Head of ulna
 5. Styloid process of ulna
 6. Head of radius
 7. Neck of radius
 8. Interosseous margin
 9. Styloid process of radius

Figure 6.7 An anterior view 
of the right ulna and radius.
 1. Trochlear notch
 2. Head of radius
 3. Neck of radius
 4. Radial tuberosity
 5. Interosseous margin
 6. Ulnar notch of radius
 7. Styloid process of radius
 8. Olecranon
 9. Interosseous margin
 10. Neck of ulna
 11. Head of ulna
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Figure 6.6 The right humerus. (a) Anterior view  
(b) Posterior view.
 1. Greater tubercle
 2. Intertubercular groove
 3. Lesser tubercle
 4. Deltoid tuberosity
 5. Anterior body (shaft)  
  of  humerus
 6. Lateral supracondylar ridge
 7. Lateral epicondyle
 8. Capitulum
 9. Head of humerus

 10. Surgical neck
 11. Posterior body  
  (shaft) of humerus 
 12. Olecranon fossa
 13. Coronoid fossa
 14. Medial epicondyle
 15. Trochlea
 16. Anatomical neck
 17. Greater tubercle
 18. Lateral epicondyle
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Figure 6.9 A radiograph  
of the left elbow region,  
posterior view.
 1. Humerus
 2. Olecranon fossa  
  of humerus
 3. Lateral epicondyle  
  of humerus
 4. Capitulum
 5. Articular surface  
  of radius
 6. Head of radius
 7. Neck of radius
 8. Radial tuberosity
 9. Radius
 10. Medial epicondyle  
  of humerus
 11. Olecranon
 12. Trochlea
 13. Radial notch of ulna
 14. Tuberosity of ulna
 15. Ulna

4

5

Figure 6.10 A radiograph  
showing fractures of the 
ulna and radius of a ten-
year-old child. Notice the 
distal epiphyseal plates of  
the ulna and the radius.
 1. Ulna
 2. Radius
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(a) (b)

Figure 6.8 A posterior view  
of the right ulna and radius.
 1. Olecranon
 2. Radial notch of ulna
 3. Interosseous margin
 4. Head of ulna
 5. Styloid process of ulna
 6. Head of radius
 7. Neck of radius
 8. Interosseous margin
 9. Styloid process of radius

Figure 6.7 An anterior view 
of the right ulna and radius.
 1. Trochlear notch
 2. Head of radius
 3. Neck of radius
 4. Radial tuberosity
 5. Interosseous margin
 6. Ulnar notch of radius
 7. Styloid process of radius
 8. Olecranon
 9. Interosseous margin
 10. Neck of ulna
 11. Head of ulna
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(b) Posterior view.
 1. Greater tubercle
 2. Intertubercular groove
 3. Lesser tubercle
 4. Deltoid tuberosity
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  of  humerus
 6. Lateral supracondylar ridge
 7. Lateral epicondyle
 8. Capitulum
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Figure 6.9 A radiograph  
of the left elbow region,  
posterior view.
 1. Humerus
 2. Olecranon fossa  
  of humerus
 3. Lateral epicondyle  
  of humerus
 4. Capitulum
 5. Articular surface  
  of radius
 6. Head of radius
 7. Neck of radius
 8. Radial tuberosity
 9. Radius
 10. Medial epicondyle  
  of humerus
 11. Olecranon
 12. Trochlea
 13. Radial notch of ulna
 14. Tuberosity of ulna
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Figure 6.10 A radiograph  
showing fractures of the 
ulna and radius of a ten-
year-old child. Notice the 
distal epiphyseal plates of  
the ulna and the radius.
 1. Ulna
 2. Radius
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(b)

Figure 6.11 A radiograph 
showing a fracture of the distal 
portion of the left radius and 
medial displacement of the 
antebrachium.
 1. Ulna
 2. Radius
 3. Site of fracture
 4. Styloid process of radius
 5. Carpal bones
 6. First metacarpal bone

Figure 6.14 A photograph (a) and a 
radiograph (b) showing polydactyly, 
having extra digits. Polydactyly is a 
common congenital deformity of the 
hand, although it also occurs in the 
foot. Notice that the carpal bones are 
still cartilaginous in a newborn and 
do not show up on a radiograph.

Figure 6.13 A radiograph of the right 
wrist and hand, posterior view.
 1. Phalanges of fifth digit
 2. Fifth metacarpal bone
 3. Hamate bone
 4. Capitate bone
 5. Triquetrum and pisiform bones
 6. Styloid process of ulna
 7. Distal radioulnar joint
 8. Ulna
 9. Distal phalanx of third digit
 10. Middle phalanx of third digit
 11. Proximal phalanx of third digit
 12. Distal phalanx of pollex (thumb)
 13. Proximal phalanx of pollex (thumb)
 14. Sesamoid bone
 15. First metacarpal bone
 16. Trapezoid bone
 17. Trapezium bone
 18. Scaphoid bone
 19. Capitate bone
 20. Lunate bone
 21. Styloid process of radius
 22. Radius
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Figure 6.12 A posterior view of the  
right wrist and hand.
 1. Distal phalanx of  
  third digit
 2.  Middle phalanx of  

third digit 
 3. Proximal phalanx of  
  third digit
 4.  Head of phalanx
 5.  Body of phalanx
 6. Base of phalanx
 7. Hamate bone
 8. Capitate bone

 9. Trapezoid bone
 10. Trapezium bone
 11. Triquetrum bone
12.  Scaphoid bone
 13. Lunate bone
 14.  Phalanges of  

fifth digit
 15. Metacarpal bones  
  (first–fifth)
 16. Carpal bones
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(a)

290 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 161 291



54 A Photographic Atlas for the Anatomy and Physiology Laboratory

Figure 6.17 A lateral view of the right os coxae.

Figure 6.16 A posterior view of the articulated pelvic girdle 
showing the two coxal bones, the sacrum, and the two femora.
 1. Lumbar vertebra 
 2. Crest of ilium
 3. Ilium
 4. Sacrum
 5. Greater sciatic notch
 6. Coccyx
 7. Head of femur
 8. Greater trochanter

 9. Intertrochanteric crest
 10. Sacroiliac joint
 11. Acetabulum
 12. Obturator foramen
 13. Ischium
 14. Pubis
 15. Pubic angle

 1. Crest of the ilium
 2. Posterior superior iliac spine
 3. Posterior inferior iliac spine
 4. Greater sciatic notch
 5. Ischial body
 6. Ischial spine
 7. Lesser sciatic notch
 8. Ischial tuberosity
 9. Ischium

 10. Ischial ramus
 11. Ilium
 12. Anterior superior iliac spine
 13. Anterior inferior iliac spine
 14. Acetabulum
 15. Superior ramus of pubis
 16. Pubis
 17. Obturator foramen 
 18. Inferior ramus of pubis

Figure 6.18 A medial view of the right os coxae.
 1. Ilium
 2. Iliac fossa
 3. Anterior superior iliac spine
 4. Anterior inferior iliac spine
 5. Superior ramus of pubis
 6. Pubis
 7. Pubic crest
 8. Inferior pubic ramus
 9. Iliac tuberosity

 10. Posterior superior iliac spine
 11. Auricular surface
 12. Posterior inferior iliac spine
 13. Greater sciatic notch
 14. Ischial spine
 15. Ischium
 16. Lesser sciatic notch
 17. Obturator foramen 
 18. Ischial ramus
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Figure 6.15 An anterior view of the articulated pelvic girdle 
showing the two coxal bones, the sacrum, and the two femora.
 1. Lumbar vertebra 
 2. Intervertebral disc
 3. Ilium
 4. Iliac fossa
 5.  Anterior superior  

iliac spine
 6. Head of femur
 7. Greater trochanter
 8. Symphysis pubis

 9. Crest of the ilium
 10. Sacroiliac joint
 11. Sacrum
 12. Pelvic brim
 13. Acetabulum
 14. Pubic crest
 15. Obturator foramen 
 16. Ischium
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Figure 6.17 A lateral view of the right os coxae.

Figure 6.16 A posterior view of the articulated pelvic girdle 
showing the two coxal bones, the sacrum, and the two femora.
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Figure 6.18 A medial view of the right os coxae.
 1. Ilium
 2. Iliac fossa
 3. Anterior superior iliac spine
 4. Anterior inferior iliac spine
 5. Superior ramus of pubis
 6. Pubis
 7. Pubic crest
 8. Inferior pubic ramus
 9. Iliac tuberosity
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Figure 6.15 An anterior view of the articulated pelvic girdle 
showing the two coxal bones, the sacrum, and the two femora.
 1. Lumbar vertebra 
 2. Intervertebral disc
 3. Ilium
 4. Iliac fossa
 5.  Anterior superior  

iliac spine
 6. Head of femur
 7. Greater trochanter
 8. Symphysis pubis

 9. Crest of the ilium
 10. Sacroiliac joint
 11. Sacrum
 12. Pelvic brim
 13. Acetabulum
 14. Pubic crest
 15. Obturator foramen 
 16. Ischium

10

11

12
13
14

15

9

16

Unit - 3 Support and Movement     Chapter 6 - Skeletal System: Appendicular 55

4

5

6

13

9

10

1

2

3

4

5

6

7
8

2

14
15

1

Figure 6.19 A radiograph of the right os coxae and 
femur, anterior view.
 1. Ilium
 2. Pelvic brim
 3. Head of femur
 4. Acetabulum
 5. Neck of femur

 6. Greater trochanter
 7. Obturator foramen
 8. Ischium
 9. Lesser trochanter
 10. Femur
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Figure 6.21 The right femur (a) anterior view (b) posterior view.
 1. Fovea capitis femoris
 2. Intertrochanteric line
 3. Patellar surface
 4. Head of femur
 5. Neck of femur 
 6. Lesser trochanter
 7. Body (shaft) of femur
 8. Medial epicondyle

 9. Medial condyle
 10. Greater trochanter
 11. Intertrochanteric crest
 12. Linea aspera on body  
  (shaft) of femur
 13. Lateral epicondyle
 14. Lateral condyle
 15. Intercondylar fossa

Figure 6.20 A radiograph of the right knee region, 
medial view.
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83
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(a) (b)

 1. Femur
 2. Patella 
 3.  Condyle  

of femur  
 4. Tibia
 5. Fibula

 6.  Medial epicondyle 
of femur  

 7. Intercondylar  
  eminences of tibia
 8. Medial condyle  
  of tibia  
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Figure 6.25 A radiograph showing 
fractures of the tibia and fibula.
 1. Tibia
 2. Fibula

Figure 6.24 A severe fracture of 
the leg and ankle (talus bone). In this 
patient, the trauma was so extensive 
amputation of the leg was necessary.
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Figure 6.22 An anterior view of 
the right patella, tibia, and fibula.
 1. Intercondylar tubercles
 2. Lateral condyle
 3. Tibial articular facet of fibula
 4. Head of fibula
 5. Neck of fibula
 6. Body (shaft) of fibula
 7. Lateral malleolus
 8. Base of patella
 9. Apex of patella
 10. Medial condyle
 11. Tibial tuberosity
 12. Anterior crest of tibia
 13. Body (shaft) of tibia 
 14. Medial malleolus

Figure 6.23 A posterior view 
of the right tibia and fibula.
 1. Medial condyle of tibia
 2. Fibular articular facet of tibia
 3. Body (shaft) of tibia
 4. Fibular notch of tibia
 5. Medial malleolus
 6. Intercondylar tubercles
 7. Lateral condyle of tibia
 8. Head of fibula
 9. Neck of fibula
 10. Body (shaft) of fibula
 11. Interosseous border
 12. Lateral malleolus
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I II III IV V

Figure 6.27 An MR image of the ankle region, 
medial view.
 1. Navicular bone
 2. Medial cuneiform
 3. First metatarsal bone
 4. Tibia

 5. Tendo calcaneus
 6. Tibiotalar joint
 7. Talus
 8. Calcaneus
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Figure 6.28 A radiograph of the right foot, medial view.
 1. Navicular bone
 2. First (medial) cuneiform
 3. Metatarsal bones

 4. Phalanges
 5. Sesamoid bone
 6. Tibia

 7. Fibula (superimposed)
 8. Tibiotalar joint
 9. Talus

 10. Calcaneus

Figure 6.26 An inferior  
view of the right foot.
 1.  Distal phalanx  

of first digit
 2.  Proximal phalanx  

of first digit
 3. Head of first  
  metatarsal bone
 4.   Body of first  

metatarsal bone
 5. Base of first  
  metatarsal bone
 6.  Medial cuneiform
 7. Intermediate cuneiform
 8.  Lateral cuneiform
 9. Navicular bone
 10. Cuboid bone
 11. Talus bone
 12. Calcaneus bone
 13. Tuberosity of calcaneus
 14. Phalanges of fifth digit
 15.  Metatarsal bones  

(first–fifth)
 16. Tarsal bones
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Figure 6.25 A radiograph showing 
fractures of the tibia and fibula.
 1. Tibia
 2. Fibula

Figure 6.24 A severe fracture of 
the leg and ankle (talus bone). In this 
patient, the trauma was so extensive 
amputation of the leg was necessary.
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Figure 6.22 An anterior view of 
the right patella, tibia, and fibula.
 1. Intercondylar tubercles
 2. Lateral condyle
 3. Tibial articular facet of fibula
 4. Head of fibula
 5. Neck of fibula
 6. Body (shaft) of fibula
 7. Lateral malleolus
 8. Base of patella
 9. Apex of patella
 10. Medial condyle
 11. Tibial tuberosity
 12. Anterior crest of tibia
 13. Body (shaft) of tibia 
 14. Medial malleolus

Figure 6.23 A posterior view 
of the right tibia and fibula.
 1. Medial condyle of tibia
 2. Fibular articular facet of tibia
 3. Body (shaft) of tibia
 4. Fibular notch of tibia
 5. Medial malleolus
 6. Intercondylar tubercles
 7. Lateral condyle of tibia
 8. Head of fibula
 9. Neck of fibula
 10. Body (shaft) of fibula
 11. Interosseous border
 12. Lateral malleolus
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Figure 6.27 An MR image of the ankle region, 
medial view.
 1. Navicular bone
 2. Medial cuneiform
 3. First metatarsal bone
 4. Tibia
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 6. Tibiotalar joint
 7. Talus
 8. Calcaneus
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Figure 6.28 A radiograph of the right foot, medial view.
 1. Navicular bone
 2. First (medial) cuneiform
 3. Metatarsal bones

 4. Phalanges
 5. Sesamoid bone
 6. Tibia

 7. Fibula (superimposed)
 8. Tibiotalar joint
 9. Talus

 10. Calcaneus

Figure 6.26 An inferior  
view of the right foot.
 1.  Distal phalanx  

of first digit
 2.  Proximal phalanx  

of first digit
 3. Head of first  
  metatarsal bone
 4.   Body of first  

metatarsal bone
 5. Base of first  
  metatarsal bone
 6.  Medial cuneiform
 7. Intermediate cuneiform
 8.  Lateral cuneiform
 9. Navicular bone
 10. Cuboid bone
 11. Talus bone
 12. Calcaneus bone
 13. Tuberosity of calcaneus
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(first–fifth)
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 A joint is a region where bones articulate. The structure 
of a joint determines its range of movement. Not all 
joints are flexible, however, and as one part of the body 
moves, other joints remain rigid to stabilize the body and  
maintain balance. Arthrology is the study of joints and  
kinesiology is the study of body movement, or the functional 
relationship between the skeleton, joints, muscles, and  
innervation (nerve supply) as they work together to produce 
coordinated movement.
 The joints of the body are structurally classified into three 
basic kinds:
1. Fibrous joints
   Fibrous connective tissues join the skeletal structures; 

the joints lack a joint capsule, but in some slight  
movement is possible.

2. Cartilaginous joints
   Fibrocartilage or hyaline cartilage joins the skeletal 

structures; the joints lack a joint capsule, but in some, 
slight movement is possible.

3. Synovial joints
   Joint capsules containing synovial fluid are present 

between the articulating bones; articular cartilages and 
ligaments supporting the articulating bones are also 
present, which permit freedom of movement. Synovial 
joints are the freely moveable joints of the body.

Chapter 7

Table 7.1  Movements permitted at synovial joints.
Type of movement Description

Angular movement Increase or decrease the joint angle

   Flexion Decreasing the angle between two bones

   Extension Increasing the angle between two bones

   Hyperextension Excessive extension beyond 180° (angle of anatomical position)

   Dorsiflexion Bending the foot toward the tibia

   Plantar flexion Bending the foot away from the tibia

   Abduction Movement of a body part away from the axis of the body, or away from the midsagittal plane, in a 
lateral direction

   Adduction Movement of a body part toward the axis of the body, or toward the midsagittal plane, in a mesial 
direction

   Inversion Movement of the sole of the foot inward, or medially

   Eversion Movement of the sole of the foot outward, or laterally

   Opposition Movement of the thumb toward the surface of the palm

   Protraction Moving a part of the body anteriorly in the horizontal plane

   Retraction Moving a part of the body posteriorly in the horizontal plane

   Elevation Moving a part of the body in the superior direction

   Depression Moving a part of the body in the inferior direction

Circular movement   

   Rotation Turning of a bone at joint axis

   Pronation Rotation of the forearm causing the wrist and hand to go from palm facing front to palm facing back

   Supination Rotation of the forearm causing the wrist and hand to go from palm facing back to palm facing front

   Circumduction Movement of a body segment in a circular, conelike motion

Figure 7.1 A Suture located between cranial bones is a 
type of fibrous joint.
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 1. Frontal bone
 2. Sutures

 3. Parietal bone
 4. Temporal bone

Articulations
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between the articulating bones; articular cartilages and 
ligaments supporting the articulating bones are also 
present, which permit freedom of movement. Synovial 
joints are the freely moveable joints of the body.
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Figure 7.1 A Suture located between cranial bones is a 
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Figure 7.2 A symphysis is a type of cartilaginous joint. The  
symphysis pubis can be readily seen in this radiograph of the  
pelvic girdle. Note the head of the femur articulating with the  
acetabulum of the os coxae forming a ball-and-socket joint is  
a freely moveable synovial joint.
 1. Ilium
 2. Acetabulum
 3. Ball-and-socket joint

 4. Head of femur
 5. Pubis
 6. Symphysis pubis

Figure 7.3 An intervertebral joint between  
vertebral bodies is a type of cartilaginous joint. 
The intervertebral discs of intervertebral joints 
can be readily seen in a lateral MR image of  
the lower back.
  1.  Spinal cord 
 2. Body of second lumbar vertebra (L2)
 3. Intervertebral disc
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Table 7.2  Types of joints.
Type Structure and movement Example

Fibrous Fibrous connective tissue joins the skeletal structures

   Suture Frequently serrated edges of articulating bones,  
separated by a thin layer of fibrous tissue; no movement

Joints between cranial bones

   Syndesmosis Articulating bones bound by an interosseous ligament;  
slight movement

Joints between tibia-fibula and  
radius-ulna

   Gomphosis Periodontal ligament binding teeth into dental aveoli of bone; 
no movement

Teeth secured in the dental alveoli 
(teeth sockets)

Cartilaginous Fibrocartilage or hyaline cartilage joins the skeletal structures

   Symphysis Thin pad of fibrocartilage between articulating bones;  
slight movement

Symphysis pubis, and intervertebral 
joints (discs)

   Synchondrosis Mitotically active hyaline cartilage between skeletal structures; 
no movement

Epiphyseal plates between diaphysis 
and epiphyses of long bones; ribs and 
costal cartilages

Synovial Joint capsule between articulating bones, containing synovial fluid; 
extensive movement

   Gliding Flattened or slightly curved articulating surfaces; sliding movement Intercarpal and intertarsal joints

   Hinge Concave surface of one bone articulates with a depression 
of another; bending motion in one plane

Humeroulnar (elbow) and tibiofemoral 
(knee) joints; inter-phalangeal (finger 
and toe) joints of digits

   Pivot Conical surface of one bone articulates with a depression of 
another; rotation about a central axis; rotational movement

Atlantoaxial joint; proximal radioulnar 
joint

   Condyloid Oval condyle of one bone articulates with elliptical cavity of 
another; biaxial movement

Radiocarpal (wrist) joint

   Saddle Concave and convex surface on each articulating bone; 
wide range of movement; biaxial movement

Carpometacarpal joint at the base of 
the thumb

   Ball-and-socket Rounded convex surface of one bone articulates with cuplike 
socket of another; movement in all planes and rotation

Glenohumeral (shoulder) and coxal 
(hip) joints
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Figure 7.2 A symphysis is a type of cartilaginous joint. The  
symphysis pubis can be readily seen in this radiograph of the  
pelvic girdle. Note the head of the femur articulating with the  
acetabulum of the os coxae forming a ball-and-socket joint is  
a freely moveable synovial joint.
 1. Ilium
 2. Acetabulum
 3. Ball-and-socket joint

 4. Head of femur
 5. Pubis
 6. Symphysis pubis

Figure 7.3 An intervertebral joint between  
vertebral bodies is a type of cartilaginous joint. 
The intervertebral discs of intervertebral joints 
can be readily seen in a lateral MR image of  
the lower back.
  1.  Spinal cord 
 2. Body of second lumbar vertebra (L2)
 3. Intervertebral disc
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(teeth sockets)
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   Symphysis Thin pad of fibrocartilage between articulating bones;  
slight movement

Symphysis pubis, and intervertebral 
joints (discs)

   Synchondrosis Mitotically active hyaline cartilage between skeletal structures; 
no movement

Epiphyseal plates between diaphysis 
and epiphyses of long bones; ribs and 
costal cartilages

Synovial Joint capsule between articulating bones, containing synovial fluid; 
extensive movement

   Gliding Flattened or slightly curved articulating surfaces; sliding movement Intercarpal and intertarsal joints

   Hinge Concave surface of one bone articulates with a depression 
of another; bending motion in one plane

Humeroulnar (elbow) and tibiofemoral 
(knee) joints; inter-phalangeal (finger 
and toe) joints of digits

   Pivot Conical surface of one bone articulates with a depression of 
another; rotation about a central axis; rotational movement

Atlantoaxial joint; proximal radioulnar 
joint

   Condyloid Oval condyle of one bone articulates with elliptical cavity of 
another; biaxial movement

Radiocarpal (wrist) joint

   Saddle Concave and convex surface on each articulating bone; 
wide range of movement; biaxial movement

Carpometacarpal joint at the base of 
the thumb

   Ball-and-socket Rounded convex surface of one bone articulates with cuplike 
socket of another; movement in all planes and rotation

Glenohumeral (shoulder) and coxal 
(hip) joints
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Figure 7.4 A synchondrosis is a 
type of cartilaginous joint located 
within a long bone at both the 
proximal and the distal epiphyseal 
plates as seen in a radiograph of a 
child’s hand. Mitotic activity at a  
synchondrotic joint is responsible 
for linear (length) bone growth.
 1. Diaphysis of phalanx
 2. Epiphyseal plate
 3. Proximal epiphysis  
  of phalanx
 4.  Distal epiphysis of  

metacarpal bone
 5. Distal epiphysis of radius
 6. Epiphyseal plate
 7. Diaphysis of radius

Figure 7.5 The side-to-side articulation 
of the ulna and radius forms a syndesmosis 
that is tightly bound by an interosseous  
ligament (not seen in radiograph). A  
syndesmosis is a type of fibrous joint that  
permits slight movement.
  1.  Sesamoid bone
 2. Carpal bones
 3. Syndesmosis

 4. Radius
 5. Ulna

Figure 7.6 Radiographs of the (a) wrist and hand and (b) the ankle and foot. Several kinds of synovial joints (freely moveable 
joints) are contained in these regions.
 1.  Hinge joints—interphalangeal joints of  

the second digit (index finger)
 2.  Condyloid joint—metacarpophalangeal joint of  

the second digit (index finger)
 3.  Saddle joint—carpometacarpal joint of  

the pollex (thumb)

 4.  Gliding joint—intercarpal joint between  
capitate and scaphoid bones

 5.  Condyloid joint—radiocarpal joint
 6.  Condyloid joint at the ankle
 7.  Gliding joints between tarsal bones
 8.  Hinge joint between phalanges of digit
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Figure 7.7 A radiograph of the elbow region  
depicting two types of synovial joints. The  
humeroulnar joint is a hinge joint that permits  
movement along a single plane. The proximal  
radioulnar and humeroradial joints are both  
pivot joints that permit rotational movement.
 1.  Medial epicondyle 
 2. Olecranon
 3. Humeroulnar joint
 4. Proximal radioulnar  
  joint
 5. Ulna
 6. Humerus

 7. Olecranon fossa
 8.  Lateral epicondyle 
 9. Humeroradial joint
 10. Head of radius
 11. Radial tuberosity
 12. Radius

Figure 7.8 The ball-and-socket joint seen in this  
radiograph of the hip is a synovial joint. The coxal  
joint (hip joint) is formed by the head of the femur  
articulating with the acetabulum of the os coxae.
 1. Ilium
 2. Acetabulum
 3. Ball-and-socket joint
 4. Head of femur
 5. Pubis

 6. Greater trochanter 
 7. Obturator foramen 
 8. Ischium
 9. Femur

Figure 7.9 The ball-and-socket joint  
seen in this radiograph of the shoulder  
is a synovial joint. The glenohumeral  
joint (shoulder joint) is formed by the  
head of the humerus articulating with  
the glenoid fossa of the scapula.
1. Head of humerus
2. Ball-and-socket joint
3. Humerus
4. Glenoid fossa 
5. Scapula
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Figure 7.4 A synchondrosis is a 
type of cartilaginous joint located 
within a long bone at both the 
proximal and the distal epiphyseal 
plates as seen in a radiograph of a 
child’s hand. Mitotic activity at a  
synchondrotic joint is responsible 
for linear (length) bone growth.
 1. Diaphysis of phalanx
 2. Epiphyseal plate
 3. Proximal epiphysis  
  of phalanx
 4.  Distal epiphysis of  

metacarpal bone
 5. Distal epiphysis of radius
 6. Epiphyseal plate
 7. Diaphysis of radius

Figure 7.5 The side-to-side articulation 
of the ulna and radius forms a syndesmosis 
that is tightly bound by an interosseous  
ligament (not seen in radiograph). A  
syndesmosis is a type of fibrous joint that  
permits slight movement.
  1.  Sesamoid bone
 2. Carpal bones
 3. Syndesmosis

 4. Radius
 5. Ulna

Figure 7.6 Radiographs of the (a) wrist and hand and (b) the ankle and foot. Several kinds of synovial joints (freely moveable 
joints) are contained in these regions.
 1.  Hinge joints—interphalangeal joints of  

the second digit (index finger)
 2.  Condyloid joint—metacarpophalangeal joint of  

the second digit (index finger)
 3.  Saddle joint—carpometacarpal joint of  

the pollex (thumb)

 4.  Gliding joint—intercarpal joint between  
capitate and scaphoid bones

 5.  Condyloid joint—radiocarpal joint
 6.  Condyloid joint at the ankle
 7.  Gliding joints between tarsal bones
 8.  Hinge joint between phalanges of digit
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Figure 7.7 A radiograph of the elbow region  
depicting two types of synovial joints. The  
humeroulnar joint is a hinge joint that permits  
movement along a single plane. The proximal  
radioulnar and humeroradial joints are both  
pivot joints that permit rotational movement.
 1.  Medial epicondyle 
 2. Olecranon
 3. Humeroulnar joint
 4. Proximal radioulnar  
  joint
 5. Ulna
 6. Humerus

 7. Olecranon fossa
 8.  Lateral epicondyle 
 9. Humeroradial joint
 10. Head of radius
 11. Radial tuberosity
 12. Radius

Figure 7.8 The ball-and-socket joint seen in this  
radiograph of the hip is a synovial joint. The coxal  
joint (hip joint) is formed by the head of the femur  
articulating with the acetabulum of the os coxae.
 1. Ilium
 2. Acetabulum
 3. Ball-and-socket joint
 4. Head of femur
 5. Pubis

 6. Greater trochanter 
 7. Obturator foramen 
 8. Ischium
 9. Femur

Figure 7.9 The ball-and-socket joint  
seen in this radiograph of the shoulder  
is a synovial joint. The glenohumeral  
joint (shoulder joint) is formed by the  
head of the humerus articulating with  
the glenoid fossa of the scapula.
1. Head of humerus
2. Ball-and-socket joint
3. Humerus
4. Glenoid fossa 
5. Scapula
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Flexion at left shoulder, elbow, and 
knee joints. Extension of right 
shoulder, and elbow.

Maximal flexion at each of 
the principal body joints.

Rotation at the joints of the neck; elevation 
at the shoulder joint; and flexion at the right 
elbow and right wrist joints.

Adduction at the shoulder and  
hip joints. Also, adduction at the 
joints of the fingers and toes.

Abduction at the shoulder and 
hip joints. Also, abduction at the 
metacarpophalangeal joints at 
the base of the digits.

Lateral (right and left) 
rotation at joints of the 
vertebral column.

Lateral bending (flexion) 
at joints of the vertebral 
column.

Flexion at the joints of the 
vertebral column.

Hyperextension at the joints 
of the vertebral column.

Flexion at the shoulder, hip, 
and knee joints on left side of 
body; extension at the elbow 
and wrist joints; knee exten-
sion on right side of body.

Hyperextension at the 
shoulder and hip joints  
on left side of body.  
Plantar flexion at the  
left ankle joint.

(b) (c)

(d) (e) (f) (g)

(h) (i) (j) (k)

Figure 7.10 A photograghic summary of joint movements (a-k).

(a)
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Hyperextension, extension, and flexion at 
the cervical intervertebral joints of the neck.

Adduction and abduction of the right arm 
at the shoulder joint and fingers at the 
metacarpophalangeal joints.

Flexion and extension at the right elbow joint.

Abduction and adduction of the 
right hand at the wrist.

Flexion and extension at the right 
hip and knee joints.

Flexion and extension at the knee joint and 
plantar flexion and dorsiflexion at the ankle 
joint.

Figure 7.11 A visualization of angular movements permitted at synovial joints (a-f).

(a)

(b)

(c)

(d) (e) (f)

Flexion

ExtensionHyperextension

Flexion

Extension

Adduction

Abduction

FlexionFlexion

Extension

Extension

Abduction Adduction

Flexion

Extension

Plantar flexion

Dorsiflexion
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knee joints. Extension of right 
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the principal body joints.

Rotation at the joints of the neck; elevation 
at the shoulder joint; and flexion at the right 
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and knee joints on left side of 
body; extension at the elbow 
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Hyperextension, extension, and flexion at 
the cervical intervertebral joints of the neck.

Adduction and abduction of the right arm 
at the shoulder joint and fingers at the 
metacarpophalangeal joints.

Flexion and extension at the right elbow joint.

Abduction and adduction of the 
right hand at the wrist.

Flexion and extension at the right 
hip and knee joints.

Flexion and extension at the knee joint and 
plantar flexion and dorsiflexion at the ankle 
joint.

Figure 7.11 A visualization of angular movements permitted at synovial joints (a-f).
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Figure 7.12 Rotation of the head at the cervical  
vertebrae–principally at the atlantoaxial joint.

Figure 7.13 Rotation of the antebrachium (forearm) at 
the proximal radioulnar joint–an example of pronation and 
supination.

Figure 7.14 A posterior view of the right scapula, 
proximal humerus, and glenohumeral (shoulder) joint.
 1. Spine of scapula
 2. Supraspinous fossa
 3. Infraspinous fossa
 4. Coracoacrominal ligament
 5. Acromion
 6. Tendon of infraspinatus muscle
 7. Tendon of teres minor muscle
 8.  Articular capsule of glenohumeral joint
 9.  Origin of lateral head of triceps brachii muscle
 10. Teres major muscle
 11. Humerus

Figure 7.15 An anterior view of the right scapula, 
proximal humerus, and glenohumeral (shoulder) joint.
 1.  Acromion
 2.  Coracoid process of scapula
 3.  Articular capsule of glenohumeral joint
 4.  Tendon of short head of biceps brachii muscle
 5.  Tendon of coracobrachialis muscle
 6.  Tendon sheath
 7.  Tendon of long head of biceps brachii muscle
 8.  Tendon of latissimus dorsi muscle
 9.  Tendon of teres major muscle
 10.  Humerus
 11.  Clavicle
 12.  Subclavius muscle
 13.  Tendon of pectoralis minor muscle
 14.  Subscapular fossa 
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Figure 7.20 The structure  
of the wrist joint as seen  
in a MR image.
 1. Gliding joint
 2. Condyloid joint
 3.  Heads of second and  

third metacarpal bones
 4.  Distal carpal bones 

(trapezoid and  
capitate bones)

 5.  Proximal carpal bones  
(scaphoid and lunate  
bones)

 6. Distal epiphysis  
  of radius

Figure 7.18 A posterior 
view of the right elbow 
region.
 1.  Olecranon fossa
 2.  Articular capsule of 

elbow joint
 3. Medial  epicondyle
 4.  Olecranon
 5.  Ulna
 6.  Humerus
 7.  Lateral epicondyle 
 8.  Head of radius
 9.  Radius

Figure 7.16 The structure of the humeral joint 
(shoulder joint) as seen in a MR image.
 1. Subdeltoid bursa
 2. Articular cavity of shoulder joint
 3. Head of humerus
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Figure 7.17 An anterior view 
of the right elbow region.
 1. Humerus
 2.  Lateral epicondyle  

of humerus
 3.  Articular capsule of  

elbow joint
 4. Annular ligament
 5. Head of radius
 6. Radius
 7. Medial epicondyle
 8.  Ulnar collateral
  ligament
 9. Ulna

Figure 7.19 The  
structure of the elbow  
joint as seen in a  
radiograph.
 1.  Articular cavity  

of elbow joint
 2. Head of radius
 3. Neck of radius
 4. Radial tuberosity
 5. Radius
 6. Humerus
 7. Olecranon
 8. Ulna
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Figure 7.12 Rotation of the head at the cervical  
vertebrae–principally at the atlantoaxial joint.

Figure 7.13 Rotation of the antebrachium (forearm) at 
the proximal radioulnar joint–an example of pronation and 
supination.

Figure 7.14 A posterior view of the right scapula, 
proximal humerus, and glenohumeral (shoulder) joint.
 1. Spine of scapula
 2. Supraspinous fossa
 3. Infraspinous fossa
 4. Coracoacrominal ligament
 5. Acromion
 6. Tendon of infraspinatus muscle
 7. Tendon of teres minor muscle
 8.  Articular capsule of glenohumeral joint
 9.  Origin of lateral head of triceps brachii muscle
 10. Teres major muscle
 11. Humerus

Figure 7.15 An anterior view of the right scapula, 
proximal humerus, and glenohumeral (shoulder) joint.
 1.  Acromion
 2.  Coracoid process of scapula
 3.  Articular capsule of glenohumeral joint
 4.  Tendon of short head of biceps brachii muscle
 5.  Tendon of coracobrachialis muscle
 6.  Tendon sheath
 7.  Tendon of long head of biceps brachii muscle
 8.  Tendon of latissimus dorsi muscle
 9.  Tendon of teres major muscle
 10.  Humerus
 11.  Clavicle
 12.  Subclavius muscle
 13.  Tendon of pectoralis minor muscle
 14.  Subscapular fossa 
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Figure 7.20 The structure  
of the wrist joint as seen  
in a MR image.
 1. Gliding joint
 2. Condyloid joint
 3.  Heads of second and  

third metacarpal bones
 4.  Distal carpal bones 

(trapezoid and  
capitate bones)

 5.  Proximal carpal bones  
(scaphoid and lunate  
bones)

 6. Distal epiphysis  
  of radius

Figure 7.18 A posterior 
view of the right elbow 
region.
 1.  Olecranon fossa
 2.  Articular capsule of 

elbow joint
 3. Medial  epicondyle
 4.  Olecranon
 5.  Ulna
 6.  Humerus
 7.  Lateral epicondyle 
 8.  Head of radius
 9.  Radius

Figure 7.16 The structure of the humeral joint 
(shoulder joint) as seen in a MR image.
 1. Subdeltoid bursa
 2. Articular cavity of shoulder joint
 3. Head of humerus
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Figure 7.17 An anterior view 
of the right elbow region.
 1. Humerus
 2.  Lateral epicondyle  

of humerus
 3.  Articular capsule of  

elbow joint
 4. Annular ligament
 5. Head of radius
 6. Radius
 7. Medial epicondyle
 8.  Ulnar collateral
  ligament
 9. Ulna

Figure 7.19 The  
structure of the elbow  
joint as seen in a  
radiograph.
 1.  Articular cavity  

of elbow joint
 2. Head of radius
 3. Neck of radius
 4. Radial tuberosity
 5. Radius
 6. Humerus
 7. Olecranon
 8. Ulna
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Figure 7.23 A lateral 
view of right tibio- 
femoral (knee) joint.
 1. Bursa
 2. Lateral collateral 
       ligament
 3. Articular cartilage
 4. Proximal epiphysis
 5. Tibiofibular joint
 6. Femur
 7. Articular capsule
 8. Lateral meniscus
 9. Patellar ligament
 10. Patella

Figure 7.24 A posterior 
view of right tibiofemoral 
(knee) joint.
 1.  Tendon of adductor 

magnus muscle
 2.  Anterior cruciate ligament
 3. Medial femoral condyle
 4. Medial meniscus
 5. Medial collateral ligament
 6. Tibia
 7. Femur
 8.  Lateral epicondyle of femur
 9. Lateral femoral condyle
 10.  Tendon of popliteus muscle
 11. Lateral meniscus
 12. Lateral collateral ligament
 13. Posterior cruciate ligament
 14. Proximal tibiofibular joint
 15. Head of fibula

Figure 7.21 The structure of the coxal joint  
(hip joint) as seen in a MR image. 
 1. Acetabulum
 2.  Articular cavity of  

hip joint
 3. Head of femur
 4.  Greater trochanter  

of femur

 5.  Lesser trochanter  
of femur

 6. Body of femur
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Figure 7.22 A medial view of the  
right tibiofemoral (knee) joint
 1.  Tendon of quadriceps  

femoris muscle
 2.  Patella
 3.  Medial meniscus 
 4.  Patellar ligament
 5.  Tibia
 6.  Femur
 7.  Tendon of adductor  

magnus muscle
 8.  Articular capsule of  

tibiofemoral (knee) joint
 9.  Medial epicondyle of femur
 10.  Tibial collateral ligament
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Figure 7.26 A posterior  MR image of  
tibiofemoral joint (knee joint).
 1. Medial condyle
 2.  Insertion of posterior 

cruciate ligament
 3. Medial meniscus
 4.  Tibial collateral  

ligament
 5. Tibia

 6.  Lateral condyle  
of femur

 7. Lateral meniscus
 8. Synovial fluid
 9.  Intercondylar  

eminences
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Figure 7.25 A sagittal MR image of tibiofemoral joint (knee joint).
 1.  Tendon of quadriceps muscle
 2.  Patella
 3.  Patellar ligament
 4.  Lateral meniscus, anterior horn
 5.  Head of tibia
 6.  Femur

 7.  Gastrocnemius muscle
 8.  Lateral meniscus,  

posterior horn
 9.  Synovial fluid
 10.  Articular cartilage
 11.  Head of fibula
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Figure 7.29 A radiograph 
of the hip showing a joint 
prosthesis.

Figure 7.28 A sagittal MR image of the  
talocrual (ankle) and tarsal joints of the foot.
 1. Tibia
 2. Tendo calcaneus
 3. Talus

 4. Calcaneus
 5. Navicular bone

1

2

4

3

5

Figure 7.27 An anterior view of right 
tibiofemoral (knee) joint as it is flexed.
 1. Patellar articular surface
 2. Lateral femoral condyle
 3. Lateral collateral ligament
 4. Anterior cruciate ligament
 5. Articular cartilage of tibia 
 6. Medial femoral condyle
 7. Posterior cruciate ligament
 8. Medial collateral ligament
 9. Medial meniscus
 10. Tibia  
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Figure 7.23 A lateral 
view of right tibio- 
femoral (knee) joint.
 1. Bursa
 2. Lateral collateral 
       ligament
 3. Articular cartilage
 4. Proximal epiphysis
 5. Tibiofibular joint
 6. Femur
 7. Articular capsule
 8. Lateral meniscus
 9. Patellar ligament
 10. Patella

Figure 7.24 A posterior 
view of right tibiofemoral 
(knee) joint.
 1.  Tendon of adductor 

magnus muscle
 2.  Anterior cruciate ligament
 3. Medial femoral condyle
 4. Medial meniscus
 5. Medial collateral ligament
 6. Tibia
 7. Femur
 8.  Lateral epicondyle of femur
 9. Lateral femoral condyle
 10.  Tendon of popliteus muscle
 11. Lateral meniscus
 12. Lateral collateral ligament
 13. Posterior cruciate ligament
 14. Proximal tibiofibular joint
 15. Head of fibula

Figure 7.21 The structure of the coxal joint  
(hip joint) as seen in a MR image. 
 1. Acetabulum
 2.  Articular cavity of  

hip joint
 3. Head of femur
 4.  Greater trochanter  

of femur

 5.  Lesser trochanter  
of femur

 6. Body of femur
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Figure 7.22 A medial view of the  
right tibiofemoral (knee) joint
 1.  Tendon of quadriceps  

femoris muscle
 2.  Patella
 3.  Medial meniscus 
 4.  Patellar ligament
 5.  Tibia
 6.  Femur
 7.  Tendon of adductor  

magnus muscle
 8.  Articular capsule of  

tibiofemoral (knee) joint
 9.  Medial epicondyle of femur
 10.  Tibial collateral ligament

1

2

4
3

5

6

7

8

9

10

2

4
3

5

8
9
10

11

15

14
13
12

1

7

6

5

Unit - 3 Support and Movement     Chapter 7 - Articulations 67

Figure 7.26 A posterior  MR image of  
tibiofemoral joint (knee joint).
 1. Medial condyle
 2.  Insertion of posterior 

cruciate ligament
 3. Medial meniscus
 4.  Tibial collateral  

ligament
 5. Tibia

 6.  Lateral condyle  
of femur

 7. Lateral meniscus
 8. Synovial fluid
 9.  Intercondylar  

eminences
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Figure 7.25 A sagittal MR image of tibiofemoral joint (knee joint).
 1.  Tendon of quadriceps muscle
 2.  Patella
 3.  Patellar ligament
 4.  Lateral meniscus, anterior horn
 5.  Head of tibia
 6.  Femur

 7.  Gastrocnemius muscle
 8.  Lateral meniscus,  

posterior horn
 9.  Synovial fluid
 10.  Articular cartilage
 11.  Head of fibula
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Figure 7.29 A radiograph 
of the hip showing a joint 
prosthesis.

Figure 7.28 A sagittal MR image of the  
talocrual (ankle) and tarsal joints of the foot.
 1. Tibia
 2. Tendo calcaneus
 3. Talus

 4. Calcaneus
 5. Navicular bone
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 Most skeletal muscles span joints and are attached to a bone 
at both ends by a tendon. Certain tendons, especially at the 
wrist and ankle, are enclosed individually by tendon sheaths. A 
group of tendons in these areas is also covered by a retinaculum. 
The origin of a muscle is the more stationary attachment, 
and the insertion is the more moveable attachment (fig. 8.1). 
Synergistic muscles contract together. Antagonistic muscles 
perform in opposition to a synergistic group of muscles.
 Fascia is a fibrous connective tissue that covers muscle 
and attaches to the skin. Superficial fascia secures the skin 
to the underlying muscle. Deep fascia is an inward extension 
of the superficial fascia and surrounds adjacent muscles 
compartmentalizing and binding them into functional groups.
 A skeletal muscle fiber is an elongated, multinucleated, 
striated cell (fig. 8.2). Each fiber is surrounded by a cell 
membrane, called a sarcolemma, and the cytoplasm within 
the cell is called sarcoplasm. Each fiber contains many 
parallel, thread-like structures called myofibrils. Each myofibril 
is composed of smaller strands called myofilaments that 
contain the contractile proteins actin and myosin. The regular 
spatial organization of the contractile proteins within the 
myofibrils forms the cross-banding striations characteristic of 
skeletal muscle. A network of membranous channels, called the 
sarcoplasmic reticulum, extends throughout the cytoplasm.
 The myofibrils of a skeletal muscle fiber are arranged into 
compartments called sarcomeres. The dark and light striations 
of the sarcomere are due to the arrangement of the thick 
(myosin) and thin (actin) filaments. The dark bands are called A–
bands and the lighter bands, containing only actin filaments, are 

called I–bands. The outer regions of the A bands contain actin 
and myosin; however, the lighter central regions (H–zones) of 
the A bands contain only myosin. The I bands are bisected by 
dark Z-lines where the actin filaments of adjacent sarcomeres 
join. Muscle fiber contraction results from the interaction of 
contractile proteins (actin and myosin myofilaments) in which 
the length of the sarcomeres is reduced.

Chapter 8
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M line

Thin (actin) filament
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Sarcolemma
Sarcoplasm

Nuclei

Mitochondria
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T tubules

Sarcoplasmic
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Z disc

I band
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Figure 8.2 The structure 
of a skeletal muscle fiber.

Figure 8.1 The skeletomuscular relationship.
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Figure 8.5 The muscles of the anterolateral head and neck regions.
 1.  Temporalis m.
 2. Orbicularis oculi m.
 3.  Levator labii superioris m.
 4. Zygomaticus major m.
 5.  Parotid gland
 6. Buccinator m.

 7.  Masseter m.
 8.  Sternocleidomastoid m.
 9.  Pectoralis major m.
 10.  Frontalis m.
 11.  Nasalis m.
 12.  Orbicularis oris m.

 13.  Mentalis m.
 14.  Depressor labii inferioris m.
 15.  Depressor anguli oris m.
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17

Figure 8.6 The muscles of the anterolateral head and neck regions.
 1. Frontalis m.
 2. Orbicularis oculi m.
 3.  Nasalis m.
 4. Levator labii superioris m.
 5.  Levator anguli oris m.
 6. Orbicularis oris m.

 7.  Buccinator m.
 8.  Depressor labii inferioris m.
 9.  Depressor anguli oris m.
 10.  Temporalis m.
 11.  Zygomaticus major m.
 12.  Masseter m.

 13.  Mandible
 14.  Platysma m. (cut)
 15.  Sternocleidomastoid m.
 16.  Trapezius m.
 17.  Clavicle
 18.  Subclavius m.
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Figure 8.7 A lateral view of the deep structures of the head and neck.
 1. Temporal fascia
 2. Temporalis m.
 3. Zygomatic arch
 4. Joint capsule of temporomandibular joint
 5. External acoustic canal
 6. Mastoid process of temporal bone
 7. Posterior belly of digastric m.
 8. Vagus nerve (cut)
 9. Hypoglossal nerve

 10. External cartoid artery
 11. Internal cartoid artery
 12. Common carotid artery
 13. Omohyoid m. (cut)
 14. Supraorbital nerve
 15. Superior tarsal plate
 16. Palpebral fascia
 17. Infraorbital nerve
 18. Lateral pterygoid m.

 19. Mandible
 20. Tongue
 21. Masseter m. (cut)
 22. Stylohyoid m.
 23. Mylohyoid m.
 24. Anterior belly of digastric muscle
 25. Thyroid cartilage of larynx
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Table 8.2 Muscles of mastication.
Chewing Muscle Origin(s) Insertion(s) Action Innervation

Temporalis Temporal fossa Coronoid process of mandible Elevates mandible Trigeminal n.

Masseter Zygomatic arch Lateral ramus of mandible Elevates mandible Trigeminal n.

Medial pterygoid Sphenoid bone Medial ramus of mandible Elevates and laterally moves  
mandible

Trigeminal n.

Lateral pterygoid Sphenoid bone Anterior side of condylar 
process of mandible

Protracts mandible Trigeminal n.

Table 8.3 Muscles of the neck.
Neck Muscle Origin(s) Insertion(s) Action Innervation

Sternocleidomastoid Sternum and clavicle Mastoid process 
of temporal bone

Flexes neck; rotates  
head to side

Accessory n.

Digastric Inferior border of 
mandible and mastoid 
process of temporal bone

Hyoid bone Depresses mandible;  
elevates hyoid bone

Trigeminal n. (ant. belly) 
Facial n. (post. belly)

Mylohyoid Inferior border  
of mandible

Hyoid bone and 
median raphe

Elevates hyoid bone and  
floor of mouth

Trigeminal n.

Geniohyoid Medial surface  
of mandible at chin

Hyoid bone Elevates hyoid bone Spinal n. (C1)

Stylohyoid Styloid process of  
temporal bone

Hyoid bone Elevates and retracts tongue Facial n.

Sternohyoid Manubrium Hyoid bone Depresses hyoid bone Spinal n. (C1-C3)

Sternothyroid Manubrium Thyroid cartilage Depresses thyroid cartilage Spinal n. (C1-C3)

Thyrohyoid Thyroid cartilage Hyoid bone Depresses hyoid bone;  
elevates thyroid cartilage

Spinal n. (C1)

Omohyoid Superior border of scapula Hyoid bone Depresses hyoid bone Spinal n. (C1-C3)

Table 8.1 Muscles of facial expression.
Face Muscle Origin(s) Insertion(s) Action Innervation

Frontalis Galea aponeurotica Skin of eyebrow Wrinkles forehead and 
elevates eyebrow

Facial n.

Orbicularis oculi Bones of orbit Tissue of eyelid Closes eyes Facial n.

Nasalis Maxilla and nasal cartilage Aponeurosis of nose Compresses nostrils Facial n.

Orbicularis oris Maxilla and mandible Lips Closes and purses lips Facial n.

Levator labii  
   superioris

Upper maxilla Orbicularis oris and skin above lips Elevates upper lip Facial n.

Zygomaticus Zygomatic bone Superior corner of orbicularis oris Elevates corner of mouth Facial n.

Depressor labii  
   inferioris

Mandible Inferior corner of orbicularis oris Depresses corner of 
moute

Facial n.

Mentalis Mandible Skin of lower lip Elevates and protrudes 
lower lip

Facial n.

Buccinator Maxilla and mandible Orbicularis oris Compresses cheek Facial n.
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Figure 8.12 An anterior view of the trunk.
 1.  Sternum
 2.  Tendinous intersection
 3.  Linea alba
 4.  Deltoid m.
 5.   Pectoralis major m.
 6.  Serratus anterior m.

 7.  External oblique m.
 8.  Rectus sheath (covering 

rectus abdominis m.)
 9.  Umbilicus
 10.  Anterior superior iliac spine
 11. Inguinal ligament
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Figure 8.13 An anterolateral view of the trunk.
 1.  Umbilicus
 2.  Rectus sheath
 3.  Anterior superior iliac spine

 4.  External oblique m.
 5. Pectoralis major m.
 6.  Serratus anterior mm.

 7.  Latissimus dorsi m.
 8.  Deltoid m.
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Figure 8.14 An anterolateral view of the trunk.
 1.  Rectus sheath
 2.  Linea alba
 3.  Tendinous intersection
 4.  Inguinal ligament 
 5.  Rectus abdominis m.

 6.  Transverse abdominis m.
 7.  Internal oblique m.
 8.  External oblique m.
 9.  Pectoralis major m.
 10.  Pectoralis minor m.

 11. Subclavius m.
 12.  Serratus anterior mm.
 13. External intercostal mm.
 14. Deltoid m.
 15.   Latissimus dorsi m.

13
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Figure 8.15 A posterior view of the trunk.
 1. Trapezius m.
 2. Triangle of ausculation
 3. Latissimus dorsi m.
 4.  Thoracolumbar facia
 5. Iliac crest 

 6. Gluteus maximus m.
 7. Splenius capitis m.
 8. Sternocleidomastoid m.
 9. Deltoid m.
 10. Infraspinatus m.

 11.  Teres minor m.
 12. Teres major m.
 13. Rhomboid major m. 
 14. Vertebral column
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Figure 8.16 A posterolateral view of the trunk.
 1. Trapezius m.
 2. Latissimus dorsi m.
 3. External oblique m.
 4. Serratus anterior m.

 5. Triceps brachii m.
 6. Rhomboid major m.
 7. Infraspinatus m. 
 8. Sternocleidomastoid m.

 9. Spine of scapula
 10. Teres minor m.
 11.  Teres major m.
 12. Deltoid m.
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Figure 8.17 A posterolateral view of the deep muscles of the trunk.
 1. Spinalis m. (cut)
 2. Longissimus m.
 3. Iliocostalis m.
 4. Erecter spinae muscle group
 5. External intercostal mm.
 6. Serratus anterior m.
 7. External oblique m. 
 8. Latissimus dorsi m.  
  (cut and reflected) 

 9. Trapezius m.  
  (cut and reflected)
 10. Rhomboid major m.
 11. Rhomboid minor m.
 12. Splenius capitis m.
 13.  Levator scapulae m.
 14. Sternocleidomastoid m.
 15. Supraspinatus m.

 16. Infraspinatus m.
 17.  Teres major m.
 18. Teres minor m.
 19.  Deltoid m.  

(cut and reflected)
 20. Triceps brachii m. 
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Figure 8.18 A posterior view of the trunk.
 1. Splenius capitis m.
 2. Sternocleidomastoid m.
 3. Trapezius m. 
 4. Rhomboid major m.
 5.  Latissimus dorsi m. 
 6. Vertebral column
 7. Thoracolumbar facia

 8. Gluteus maximus m.
 9. Deltoid m.
 10. Infraspinatus m.
 11.  Teres minor m.
 12. Teres major m.
 13. External oblique m.
 14. Iliac crest
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Figure 8.19 A lateral view of the trunk.
 1. Infraspinatus m.
 2. Teres minor m.
 3. Latissimus dorsi m.
 4.  Iliac crest 

 5. Deltoid m.
 6.  Teres major m.
 7. Serratus anterior m.
 8. External oblique m.
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Table 8.4 Muscles of the abdominal wall.
Abdominal Muscle Origin(s) Insertion(s) Action Innervation

External abdominal 
  oblique

Lower eight ribs Iliac crest and linea alba Compresses abdomen; 
lateral rotation

Intercostal nn. 
Iliohypogastric n. 
Ilioinguinal n.

Internal abdominal 
  oblique

Iliac crest, lumbodorsal  
fascia, inguinal ligament

Linea alba and costal  
cartilages of last three  
or four ribs

Compresses abdomen; 
lateral rotation

Intercostal nn. 
Iliohypogastric n. 
Ilioinguinal n.

Transversus 
  abdominis

Iliac crest, lumbodorsal fascia, 
inguinal ligament, costal  
cartilages of last six ribs

Xiphoid process, linea  
alba, pubis

Compresses abdomen Intercostal nn. 
Iliohypogastric n. 
Ilioinguinal n.

Rectus abdominis Pubic crest and  
symphysis pubis

Xiphoid process and  
costal cartilages of fifth to 
seventh ribs

Flexes vertebral column Intercostal nn.

Table 8.5  Muscles that act on the pectoral girdle.
Pectoral Muscle Origin(s) Insertion(s) Action Innervation

Serratus anterior Upper eight or nine ribs Anterior medial border 
of scapula

Pulls scapula forward 
and upward

Long thoracic n.

Pectoralis minor Sternal ends of third,  
fourth, and fifth ribs

Coracoid process 
of scapula

Pulls scapula forward  
and downward

Medial and lateral 
pectoral nn.

Subclavius First rib Subclavian groove  
of clavical

Depresses clavicle Spinal nn. C5, C6

Trapezius Occipital bone and 
spines of cervical and 
thoracic vertebrae

Clavicle, acromion and 
spine of scapula

Elevates, depresses, and 
adducts scapula; hyperextends 
neck; braces shoulder

Accessory n.

Levator scapulae First to fourth 
cervical vertebrae

Superior border 
of scapula

Elevates scapula Dorsal scapular n.

Rhomboid major Spines of second to fifth 
thoracic vertebrae

Medial border 
of scapula

Elevates and 
adducts scapula

Dorsal scapular n.

Rhomboid minor Seventh cervical and first 
thoracic vertebrae

Medial border 
of scapula

Elevates and 
adducts scapula

Dorsal scapular n.

Table 8.6  Muscles of the vertebral column.
Spinal Muscle Origin(s) Insertion(s) Action Innervation

Quadratus lumborum Iliac crest and lower 
lumbar vertebrae

Twelfth rib and upper  
four lumbar vertebrae

Extends lumbar region; 
flexes vertebral column 
laterally

Intercostal n. T12 
and Lumbar nn. L2-L4

Erector spinae 
   Iliocostalis lumborum 
   Iliocostalis thoracis 
   Iliocostalis cervicis

 
Crest of ilium  
Lower six ribs  
Angles of third– 
sixth ribs

 
Lower six ribs 
Upper six ribs 
Transverse processes of 
fourth–sixth cervical vertebrae

 
Extends lumbar region 
Extends thoracic region 
Extends cervical region

 
Post. rami of lumbar nn. 
Post. rami of thoracic nn. 
Post. rami of cervical nn.
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Figure 8.20 An anterolateral view of the trunk and arm.
 1.  Sternocleidomastoid m.
 2.  Clavicle
 3.  Pectoralis major m.
 4.  Serratus anterior m.
 5.  Rectus sheath
 6.  Umbilicus
 7.  Deltoid m.

 8.  Biceps brachii m.
 9.  Brachialis m.
 10.  Triceps brachii m.
 11. Latissimus dorsi m.
 12.  Lateral epicondyle
 13. External oblique m.
 14.   Tensor fascia latae m.
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Figure 8.21 An anterolateral view of the trunk and arm.
 1.  Sternocleidomastoid m.
 2.  Clavicle
 3.  Subclavius m.
 4.  Pectoralis minor m. 
 5.  Pectoralis major m. (cut)
 6.  Serratus anterior m. 
 7. Rectus sheath
 8.  Rectus abdominis m. 
 9.  Deltoid m.
 10.  Biceps brachii m.

 11. Brachialis m.
 12.  Triceps brachii m.
 13. Latissimus dorsi m.
 14.   Lateral epicondyle
 15. Transverse abdominis m.
 16.  Internal oblique m.  

(section cut)
 17. External oblique m.  
  (section cut)
 18.   Tensor fascia latae m.
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Figure 8.22 An anterior view of the right 
upper arm and shoulder (disarticulated).
 1. Deltoid m.
 2. Coracoid process  
  of scapula
 3.  Pectoralis major m. (cut)
 4.  Biceps brachii m.
 5.  Brachialis m.
 6.  Brachioradialis m.
 7.  Clavicle (cut)
 8.  Medial margin of scapula

 9.  Subscapularis m.
 10.  Teres major m.
 11. Latissimus  
  dorsi m. (cut)
 12.  Triceps brachii m.
 13. Medial epicondyle 
  of humerus
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Figure 8.23 An anterior view of the right upper arm and  
shoulder (disarticulated).
 1.  Coracoid process of scapula
 2.  Deltoid m. (cut and reflected)
 3.  Coracobrachialis m.
 4.  Short head of  

biceps brachii m.
 5.  Long head of  

biceps brachii m.
 6.  Biceps brachii m.  

(cut and reflected)
 7.  Brachioradialis m.

 8.  Medial margin of scapula
 9.  Subscapularis m.
 10.  Teres major m.
 11.  Latissimus dorsi m. (cut)
 12.  Triceps brachii m.
 13. Brachialis m.
 14.  Medial epicondyle  

of humerus

4

5
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Figure 8.24 A posterior view of the right 
upper arm and shoulder (disarticulated).
 1. Spine of scapula
 2. Supraspinatus m.
 3.  Infraspinatus m.
 4.  Teres minor m.
 5.  Teres major m.
 6.  Latissimus dorsi m. (cut)
 7.  Medial epicondyle  

of humerus

 8.  Deltoid m.
 9.  Triceps brachii m.  

(long head)
 10.  Triceps brachii m.  

(lateral head)
 11. Olecranon process 
  of ulna 
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Figure 8.25 A posterior deep view of the right upper arm and  
shoulder (disarticulated).
 1. Spine of scapula
 2. Supraspinatus m.
 3.  Infraspinatus m.
 4.  Teres minor m.
 5.  Teres major m.
 6.  Latissimus dorsi m. (cut)
 7.  Medial epicondyle  

of humerus
 8.  Acromion

 9.  Deltoid m. (cut  
and reflected)

 10.  Triceps brachii m.  
(long head)

 11.  Triceps brachii m.  
(lateral head)

 12. Olecranon process 
  of ulna 

322 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 161 323



Unit - 3 Support and Movement     Chapter 8 - Muscular System 85

Figure 8.27 An anterior  
view of the muscles of the  
right forearm.
 1.  Pronator teres m.
 2.  Brachioradialis m.  

(cut and reflected)
 3.  Palmaris longus m.  

(cut and reflected)
 4.  Flexor carpi ulnaris m. (cut)
 5.  Flexor carpi radialis m. 

(cut and reflected)
 6. Flexor digitorum  
  superficialis m.
 7.  Flexor pollicis longus m.
 8. Pronator quadratus m.
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Figure 8.29 An anterior  
view of the deep muscles  
of the right forearm.
 1.  Pronator teres m.
 2.  Flexor pollicis longus m. 

(cut)
 3.  Pronator quadratus m.
 4.  Thenar mm.
 5.  Flexor digitorum  

superficialis and  
profundus mm. (cut  
and reflected)
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Figure 8.26 An anterior  
view of the superficial  
muscles of the right forearm.
 1.  Pronator teres m.
 2.  Brachioradialis m.
 3.  Flexor carpi radialis m.
 4.  Flexor pollicis longus m.
 5.  Palmaris longus m.
 6.  Flexor carpi ulnaris m.
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Figure 8.28 An anterior  
view of the deep muscles  
of the right forearm.
 1.  Medial epicondyle 
 2.  Pronator teres m.
 3.  Flexor digitorum  

superficialis m. (cut  
and reflected)

 4.  Flexor pollicis longus m.
 5.  Pronator quadratus m.
 6.  Flexor digitorum  

profundus m.
 7.  Tendons of flexor carpi 

radialis and flexor  
digitorum superficialis 
mm. (cut)

 8.  Carpal tunnel  
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Figure 8.30 A posterior view of  
the superficial muscles of  
the right forearm.
 1.  Anconeus m.
 2.  Extensor carpi ulnaris m.
 3.  Extensor digiti minimi m.
 4.  Brachioradialis m.
 5.  Extensor carpi radialis longus m.
 6. Extensor carpi radialis brevis m.
 7. Extensor digitorum m.
 8. Abductor pollicis longus m.
 9.  Extensor pollicis brevis m.
 10.  Extensor pollicis longus m.
 11.  Extensor retinaculum
 12. Tendon of extensor  
  carpi radialis brevis
 13. Tendon of extensor  
  carpi radialis longus
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Figure 8.31 A posterior view of 
the muscles of the right forearm.
 1.  Anconeus m.
 2.  Extensor carpi ulnaris m.
 3.  Extensor digiti minimi m.
 4.  Extensor digitorum m.  

(cut and reflected)
 5.  Extensor indicis m.
 6. Brachioradialis m.
 7.  Extensor carpi radialis  

longus m.
 8. Extensor digitorum m. (cut)
 9.  Extensor carpi  

radialis brevis m.
 10. Abductor pollicis longus m.
 11. Extensor pollicis brevis m.
 12. Tendon of extensor  
  pollicis longus

Figure 8.32 A posterior view 
of the deep muscles of the 
right forearm.
 1.  Extensor digitorum m.  

(cut and reflected)
 2.  Anconeus m. 
 3.  Extensor carpi ulnaris m.
 4.  Extensor pollicis longus m.
 5.  Extensor indicis m.
 6. Brachioradialis m.
 7.  Extensor carpi radialis  

longus m.
 8. Supinator m.
 9.  Extensor carpi  

radialis brevis m.
 10. Abductor pollicis longus m.
 11. Extensor pollicis brevis m.
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Table 8.7 Muscles of the brachium (upper arm).
Axial or
Scapular Muscle

Origin(s) Insertion(s) Action Innervation

Pectoralis major Clavicle, sternum, costal cartilages 
of second to sixth ribs

Greater tubercle  
of humerus

Flexes, adducts, and rotates 
shoulder joint medially

Medial and lateral  
pectoral nn.

Latissimus dorsi Spines of sacral, lumbar, and 
lower thoracic vertebrae;  
lower ribs

Intertubercular  
groove of humerus

Extends, adducts, and rotates 
shoulder joint medially; adducts 
shoulder joint

Thoracodorsal n.

Deltoid Clavicle, acromion and  
spine of scapula

Deltoid tuberosity  
of humerus

Abducts, extends, or flexes 
shoulder joint

Axillary n.

Supraspinatus Supraspinous fossa  
of scapula

Greater tubercle  
of humerus

Abducts shoulder joint Suprascapular n.

Infraspinatus Infraspinous fossa  
of scapula

Greater tubercle  
of humerus

Rotates shoulder joint laterally Suprascapular n.

Teres major Inferior angle and lateral 
border of scapula

Intertubercular  
groove of humerus

Extends, and rotates 
shoulder joint medially

Lower subscapular n.

Teres minor Lateral border of scapula Greater tubercle  
of humerus

Rotates shoulder joint laterally Axillary n.

Subscapularis Subscapular fossa Lesser tubercle  
of humerus

Rotates shoulder joint medially Subscapular n.

Coracobrachialis Coracoid process of scapula Body of humerus Flexes and adducts shoulder joint Musculocutaneous n.

Table 8.8 Muscles of the antebrachium (forearm).
Brachial  Muscle Origin(s) Insertion(s) Action Innervation

Biceps brachii Coracoid process and 
tuberosity above glenoid fossa

Radial tuberosity Flexes elbow joint; 
supinates forearm and 
hand at radioulnar joint

Musculocutaneous n.

Brachialis Anterior body of humerus Tuberosity of ulna Flexes elbow joint Musculocutaneous n.

Brachioradialis Lateral supracondylar  
ridge of humerus

Proximal to styloid 
process of radius

Flexes elbow joint Radial n.

Triceps brachii Tuberosity below glenoid fossa: 
lateral and medial surfaces of 
humerus

Olecranon of ulna Extends elbow joint Radial n.

Anconeus Lateral epicondyle of  
humerus

Olecranon of ulna Extends elbow joint Radial n.
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Figure 8.33 An anterior view of 
right hand.
 1.  Flexor carpi ulnaris m.
 2.  Abductor pollicis brevis m.
 3.  Flexor pollicis brevis m.
 4.  Adductor pollicis m.
 5.  Hypothenar mm.
 6.  Tendons of flexor digitorum 

superficialis
 7.  Lumbrical mm.
 8.  Flexor digitorum superficialis 

tendon (bifurcated for insertion)
 9.  Tendon of flexor digitorum 

profundus

Figure 8.34 A lateral view  
of right hand.
 1.  Extensor carpi radialis  

longus m.
 2.  Tendon of extensor carpi 

radialis brevis m.
 3.  Abductor pollicis longus m.
 4.  Extensor pollicis brevis m.
 5.  Anatomical snuff box
 6.  Tendon of extensor pollicis 

longus m.
 7.  First dorsal interosseus m.

Figure 8.35 A posterior view  
of right hand.
 1.  Extensor digitorum m. 
 2.  Extensor carpi ulnaris m.
 3.  Extensor digiti minimi m.
 4.  Extensor retinaculum
 5.  Brachioradialis m.
 6.  Extensor carpi radialis  

brevis m.
 7.  Tendon of extensor carpi 

radialis longus m.
 8.  Abductor pollicis longus m.
 9.  Extensor pollicis brevis m.
 10.  Radius
 11.  Tendon of extensor pollicis 

longus m.
 12.  First dorsal interosseus m.
 13.  Extensor digitorum tendons
 14.  Extensor expansion
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Figure 8.36 An anterior view of right hand.
 1.  Pronator quadratus m.
 2.  Radial artery
 3.  Flexor synovial sheath
 4.  Flexor pollicis brevis m.
 5.  Opponens pollicis m.
 6.  Tendon of extensor pollicis brevis m.
 7.  Adductor pollicis mm.
 8.  Tendon of flexor pollicis longus m.
 9.  Ulnar nerve
 10.  Ulnar artery
 11.  Tendon of flexor carpi ulnaris m.
 12.  Opponens digiti minimi m.
 13.  Lumbrical mm.
 14.  Abductor digiti minimi and flexor  

digiti minimi mm. (cut)
 15.  Tendons of deep digital flexor m. (cut)
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Figure 8.37 A posterior view of right hand showing  
superficial structures.
 1.  Tendon of extensor digitorum m.
 2. Extensor digiti minimi m.
 3.  Styloid process of ulna
 4.  Tendon of extensor digitorum m.
 5.  Tendon of extensor digiti minimi m.
 6.  Tendons of extensor digitorum mm.
 7.  Extensor retinaculum
 8. Tendon of extensor carpi radialis brevis m.
 9. Tendon of extensor pollicis longus m.
 10.  Tendon of extensor carpi radialis longus m.
 11. Superficial venous arch
 12.  Articular capsule of metacarpophalangeal joint
 13. Fibrous digital sheath
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Table 8.9 Muscles that act on the wrist, hand, and fingers.
Antebrachial Muscle Origin(s) Insertion(s) Action Innervation

Supinator Lateral epicondyle of  
humerus and crest of ulna

Lateral surface of radius Supinates forearm and hand Radial n.

Pronator teres Medial epicondyle of 
humerus

Lateral surface of radius Pronates forearm and hand Median n.

Pronator quadratus Distal fourth of ulna Distal fourth of radius Pronates forearm and hand Median n.

Flexor carpi radialis Medial epicondyle of 
humerus

Base of second and third 
metacarpal bones

Flexes and abducts wrist Median n.

Palmaris longus Medial epicondyle of 
humerus

Palmar aponeurosis Flexes wrist Median n.

Flexor carpi ulnaris Medial epicondyle of  
humerus and olecranon  
of ulna

Carpal and  
metacarpal bones

Flexes and adducts wrist Ulnar n.

Flexor digitorum 
   superficialis

Medial epicondyle of  
humerus and coronoid  
process of ulna

Middle phalanges  
of digits II–V

Flexes wrist and digits Median n.

Flexor digitorum 
   profundus

Proximal two-thirds of ulna 
and interosseous ligament

Distal phalanges of  
digits II–V

Flexes wrist and digits Median and 
ulnar n.

Flexor pollicis longus Body of radius and coronoid 
process of ulna

Distal phalanx  
of thumb

Flexes joints of thumb Median n.

Extensor carpi radialis 
  longus

Lateral supracondylar ridge 
of humerus

Second metacarpal bone Extends and abducts wrist Radial n.

Extensor carpi  
  radialis brevis

Lateral epicondyle of 
humerus

Third metacarpal bone Extends and abducts wrist Radial n.

Extensor digitorum Lateral epicondyle of 
humerus

Posterior surfaces  
of digits II–V

Extends wrist and phalanges Radial n.

Extensor digiti minimi Lateral epicondyle of 
humerus

Extensor aponeurosis  
of fifth digit

Extends joints of fifth 
digit and wrist

Radial n.

Extensor carpi ulnaris Lateral epicondyle of  
humerus and olecranon  
of ulna

Base of fifth  
metacarpal bone

Extends and adducts wrist Radial n.

Extensor pollicis  
  longus

Lateral and posterior surface 
of ulna

Base of distal  
phalanx of thumb

Extends joints of thumb; 
abducts joints of hand

Radial n.

Extensor pollicis  
  brevis

Distal body of radius and 
interosseous ligament

Base of proximal  
phalanx of thumb

Extends joints of thumb; 
abducts joints of hand

Radial n.

Abductor pollicis  
  longus

Distal radius and ulna and 
interosseous ligament

Base of first  
metacarpal bone

Abducts joints of thumb  
and joints of hand

Radial n.
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Figure 8.41 A posteromedial view of the posterior  
structures of thigh region.
 1.  Sacrum
 2.  Sciatic nerve
 3.  Ischial tuberosity
 4.  Gluteus maximus m.  

(left side) (cut and reflected)
 5.  Adductor magnus m.
 6.   Semitendinosus m.
 7. Biceps femoris m.
 8.  Gluteus maximus m.  

(right side)
 9. Obturator internus m.
 10. Anus
 11. Gracilis m.
 12. Semimembranosus m.
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Figure 8.42 A posterolateral view of the posterior  
structures of thigh region.
 1.  Gluteus medius m.
 2. Piriformis m.
 3.  Gluteus maximus m.  

(left side) (cut and 
reflected)

 4.  Quadratus femoris m.
 5.  Iliotibial band
 6. Biceps femoris m.
  (long head)
 7. Biceps femoris m.
  (short head)

 8.  Sacrum
 9. Sciatic nerve
 10. Superior gemellus m.
 11. Obturator internus m.
 12. Inferior gemellus m.
 13. Ischial tuberosity 
 14. Anus
 15. Semitendinosus m. 
 16. Semimembranosus
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 3.  Gluteus maximus m.  
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reflected)

 4.  Quadratus femoris m.
 5.  Iliotibial band
 6. Biceps femoris m.
  (long head)
 7. Biceps femoris m.
  (short head)
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 9. Sciatic nerve
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 12. Inferior gemellus m.
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 15. Semitendinosus m. 
 16. Semimembranosus
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Figure 8.43 An anterior view of the 
right femoral triangle.
 1. Inguinal ligament
 2.  Lateral femoral cutaneous nerve
 3.  Superficial circumflex iliac artery
 4. Iliopsoas m.
 5. Femoral nerve
 6. Femoral artery
 7. Tensor fasciae latae m.
 8. Sartorius m.
 9. Rectus femoris m.
 10. Femoral ring
 11. Femoral vein 
 12. Pectineus m.
 13. Great saphenous vein 
 14. Adductor longus m.
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Table 8.10 Muscles that act on the thigh at the hip joint.
Pelvic Muscle Origin(s) Insertion(s) Action Innervation

Iliacus Iliac fossa Lesser trochanter of 
femur, along with psoas 
major

Flexes at the hip joint; flexes 
joints of vertebral column

Femoral n.

Psoas major Transverse process of 
lumbar vertebrae

Lesser trochanter 
of femur, along with 
iliacus

Flexes at the hip joint; flexes 
joints of vertebral column

Spinal nn. L2, L3

Gluteus maximus Iliac crest, sacrum,  
coccyx, aponeurosis of 
lumbar region

Gluteal tuberosity 
and iliotibial tract

Extends and rotates thigh 
laterally at the hip joint 

Inferior gluteal n.

Gluteus medius Lateral surface of ilium Greater trochanter 
of femur

Abducts and rotates thigh 
medially at the hip joint

Superior gluteal n.

Gluteus minimus Lateral surface of  
lower half of ilium

Greater trochanter 
of femur

Abducts and rotates thigh 
medially at the hip joint

Superior gluteal n.

Tensor fasciae 
  latae

Anterior border of  
ilium and iliac crest

Iliotibial tract Abducts and rotates thigh 
medially at the hip joint

Superior gluteal n.
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Figure 8.44 A lateral view of the  
right thigh.
 1. Gluteus maximus m.
 2.  Iliotibial band
 3. Biceps femoris m.
 4. External oblique m.
 5. Tensor fascia lata m.
 6. Rectus femoris m.
 7. Vastus lateralis m.
 8. Patella
 9. Patellar ligament

Figure 8.45 An anteromedial view of 
the right thigh.
 1. External oblique m.
 2. Anterior superior iliac spine
 3.  Iliopsoas m.
 4. Tensor fascia lata m.
 5. Sartorius m.
 6. Adductor longus m.
 7. Rectus femoris m.
 8. Vastus medialis m.
 9. Patella
 10. Femoral nerve
 11. Femoral artery 
 12. Femoral vein
 13. Pectineus m. 
 14. Gracilis m.
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Figure 8.46 An anterior view of  
the right thigh.
 1. Anterior superior iliac spine
 2.  Sartorius m. (cut)
 3. Tensor fascia lata m.
 4. Iliopsoas m.
 5. Rectus femoris m.
 6. Vastus lateralis m.
 7. Femoral nerve (cut)
 8. Femoral artery (cut) 
 9. Femoral vein (cut)
 10. Pectineus m.
 11. Adductor brevis m. 
 12. Adductor longus m.
 13. Adductor magnus m.
 14. Vastus medialis m.
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Figure 8.47 An anterior view of the deep structures  
of the right thigh.
 1. Sartorius m. (cut and  
  reflected)
 2.  Rectus femoris m. 

(cut and reflected)
 3. Pectineus m.
 4. Tensor fascia lata m.
 5. Vastus lateralis m.
 6. Vastus intermedius m.
 7. Rectus femoris m.  
  (cut and reflected)
 8. Patella 

 9. Patellar ligament
 10. Inguinal ligament
 11. Iliopsoas m. 
 12. Femoral nerve (cut)
 13. Femoral artery (cut)
 14. Femoral vein (cut)
 15. Adductor brevis m. 
 16. Adductor longus m.  
  (cut and reflected)
 17. Adductor magnus m.
 18. Vastus medialis m.
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Table 8.11  Medial muscles that move the thigh at the hip joint.
Adductor Muscle Origin(s) Insertion(s) Action Innervation

Gracilis Inferior edge of  
symphysis pubis

Proximomedial  
surface of tibia

Adducts thigh at hip joint; flexes leg at 
knee joint

Obturator n.

Pectineus Pectineal line  
of pubis

Distal to lesser  
trochanter of femur

Adducts and flexes thigh 
at hip joint

Femoral n.

Adductor longus Pubis–below  
pubic crest

Linea aspera  
of femur

Adducts thigh at hip joint Obturator n.

Adductor brevis Inferior ramus 
of pubis

Linea aspera 
of femur

Adducts thigh at hip joint Obturator n.

Adductor magnus Inferior ramus of 
ischium and inferior 
ramus of pubis

Linea aspera and 
medial epicondyle 
of femur

Adducts thigh at hip joint Obturator and 
tibial nn.

Table 8.12 Muscles of the thigh that act on the leg.
Thigh Muscle Origin(s) Insertion(s) Action Innervation

Sartorius Anterior superior  
iliac spine

Medial surface of tibia Flexes leg and thigh; abducts 
rotates thigh laterally

Femoral n.

Quadriceps femoris Patella by common tendon, 
which continues as patellar 
ligament to tibial tuberosity

Extends leg at knee joint Femoral n.

   Rectus femoris Anterior inferior  
iliac spine

   Vastus lateralis Inferior to greater  
trochanter and linea 
aspera of femur

   Vastus medialis Medial surface and linea  
aspera of femur

   Vastus intermedius Anterior and lateral  
surfaces of femur

Biceps femoris Long head—ischial 
tuberosity; short head— 
linea aspera of femur

Head of fibula and 
proximolateral part 
of tibia

Extends thigh at hip joint; 
flexes leg at knee joint

Tibial n.

Semitendinosus Ischial tuberosity Proximomedial surface 
of tibia

Extends thigh at hip joint; 
flexes leg at knee joint

Tibial n.

Semimembranosus Ischial tuberosity Proximomedial surface 
of tibia

Extends thigh at hip joint; 
flexes leg at knee joint

Tibial n.
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Unit - 3 Support and Movement     Chapter 8 - Muscular System 99

Figure 8.54 An anterior view of  
dorsum of foot.
 1.  Tendon of tibialis anterior m.
 2.  Tendon of extensor hallucis 

brevis m.
 3.  Tendon of extensor hallucis 

longus m.
 4.  Lateral malleolus
 5.  Superior extensor retinaculum
 6.  Inferior extensor retinaculum
 7.  Tendon of extensor digitorum 

longus m.
 8.  Tendon of extensor digitorum 

brevis m.
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Figure 8.56 A lateral view of the right foot.
 1.  Tendon of tibialis anterior  
 2.  Tendon of extensor digitorum longus m.
 3.  Tendon of fibularis tertius m.
 4.  Superior extensor retinaculum
 5.  Inferior extensor retinaculum
 6.  Lateral malleolus of fibula

 7.  Extensor digitorum brevis m.
 8.  Tendon of fibularis longus m.
 9.  Tendon of fibularis brevis m.
 10.  Calcaneus
 11.  Fifth metatarsal bone
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Figure 8.55 A medial view of the right foot.
 1.  Tendon of tibialis anterior m.
 2.  Extensor retinaculum
 3.  Medial cuneiform
 4.  Tendon of extensor hallucis longus m.
 5.  First metatarsal bone
 6.  Proximal phalanx of hallux

 7.  Medial malleolus of tibia
 8.  Tendon of tibialis posterior m. 
 9.  Tendo calcaneus
 10.  Tendon of flexor digitorum longus m.
 11.  Abductor hallucis m.
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100 A Photographic Atlas for the Anatomy and Physiology Laboratory

Figure 8.58 A view of 
plantar region.
 1.  Flexor digiti minimi 

brevis m.
 2.  Abductor digiti  

minimi m.
 3.  Tendons of flexor  

digitorum brevis m.
 4.  Flexor digitorum  

brevis m.
 5.  Abductor hallucis m.
 6.  Plantar aponeurosis (cut)
 7.  Calcaneal tuberosity

Figure 8.59 A deep  
view of plantar region.
 1.  Interosseous m.
 2.  Quadratus plantae m.
 3.  Flexor digitorum  

brevis m. (cut and 
reflected)

 4.  Tendon of flexor  
hallucis longus m.

 5.  Oblique head of  
adductor hallucis m.

 6.  Lumbrical mm.
 7.  Flexor hallucis brevis m.
 8.  Tendons of flexor  

digitorum longus m.
 9.  Abductor hallucis m.
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Figure 8.57 A superficial  
view of plantar region.
 1.  Flexor digiti  

minimi m.
 2.  Abductor digiti  

minimi m.
 3.  Plantar aponeurosis
 4.  Flexor hallucis brevis m.
 5.  Adductor hallucis m.
 6.  Calcaneus
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Figure 8.60 A deep  
view of plantar region.
 1.  Interosseous mm.
 2.  Oblique head of  

adductor hallucis m. (cut) 
 3.   Abductor digiti  

minimi m.
 4.  Lateral plantar nerve
 5.  Quadratus plantae m. (cut)
 6.  Flexor digitorum  

brevis m. (cut)
 7.  Transverse head,  

adductor hallucis m.
 8.  Common plantar  

digital nerve
 9.  Medial plantar nerve
 10.  Calcaneal tuberosity
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Unit - 3 Support and Movement     Chapter 8 - Muscular System 101

Table 8.13 Muscles of the leg that move the ankle, foot, and toes.
Leg Muscle Origin(s) Insertion(s) Action Innervation

Tibialis anterior Lateral condyle and body 
of tibia

First metatarsal bone and 
first cuneiform bone

Dorsiflexes ankle; inverts 
foot and ankle

Deep fibular n.

Extensor digitorum  
   longus

Lateral condyle of tibia and 
anterior surface of fibula

Extensor expansions of  
digits II–V

Extends digits II–V;  
dorsiflexes foot at ankle

Deep fibular n.

Extensor hallucis  
   longus

Anterior surface of fibula 
and interosseous ligament

Distal phalanx of digit I Extends joints of big toe; 
assists dorsiflexion of foot 
at ankle

Deep fibular n.

Fibularis tertius Anterior surface of fibula 
and interosseous ligament

Dorsal surface of fifth  
metatarsal bone

Dorsiflexes and everts  
foot at ankle

Deep fibular n.

Fibularis longus Lateral condyle of tibia and 
head and shaft of fibula

First cuneiform and  
metatarsal bone I

Plantar flexes and everts 
foot at ankle

Superficial  
fibular n.

Fibularis brevis Lower aspect of fibula Metatarsal bone V Plantar flexes and everts 
foot at ankle

Superficial  
fibular n.

Gastrocnemius Lateral and medial  
condyle of femur

Posterior surface of  
calcaneous via calcaneal 
tendon 

Plantar flexes foot at 
ankle; flexes knee joint

Tibial n.

Soleus Posterior aspect of fibula 
and tibia

Calcaneous via calcaneal 
tendon

Plantar flexes foot  
at ankle

Tibial n.

Plantaris Supracondylar ridge  
of femur

Calcaneous Plantar flexes foot  
at ankle

Tibial n.

Popliteus Lateral condyle of femur Upper posterior  
aspect of tibia

Flexes and medially rotates 
leg at knee joint

Tibial n.

Flexor hallucis  
   longus

Posterior surface 
of tibia

Distal phalanx of  
big toe

Flexes joint of great toe 
and plantar flexes foot

Tibial n.

Flexor digitorum  
   longus

Posterior surface 
of tibia

Distal phalanges  
of digits II–V

Flexes joints of digits II–V 
and plantar flexes foot

Tibial n.

Tibialis posterior Tibia and fibula and  
interosseous ligament 
bones II–IV

Navicular, cuneiform, 
cuboid, and metatarsal 
bones

Plantar flexes and 
inverts foot at ankle;  
supports arches of foot

Tibial n.
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Answer True or False: 

1. (a) Entertube II contains 12 chambers and via 15 tests, it is used to differentiate between various 
Gram positive enteric bacteria like E. coli.
(b) The jugular notch lies superior to the body of the sternum but inferior to the manubrium. True or 
False

2. (a) Nutrient Agar (NA) is an example of undefined medium but may be made selective if extremely 
high NaCl is incorporated therein.
(b) All media should be sterilized prior to use because any contamination will skew the results.   

3. (a) An antibiotic is given for the treatment of an infection caused by bacteria.  Most upper 
respiratory tract infections, such as the common cold and sore throats are generally caused by viruses 
- antibiotics do not work against these viruses. 
(b) The objective lens that provides 100X magnification is the high power lens. 

4. (a) Gram-negative bacteria contain thinner peptidoglycan layers than Gram-positive bacteria. 
(b) Peptidoglycan is a phospholipid that is part of all bacterial cell walls. 

5. (a) Agar is a complex polymer isolated from sea weeds, which at a concentration around 1.5%-2.0% 
is used to solidify liquid media for streaking/cultivating bacteria and selection of isolated colonies.
(b) The maximum magnification of our light microscope is 1000X while using an objective with 
10X magnification. 

6. (a) Our Petri dishes containing Nutrient Agar (NA) plated with E. coli were incubated upside down 
in an incubator at human body temperature for about a day to allow proper growth. 
(b) There would be greater growth for Enterics grown in Nutrient Agar at room temperature than at 
body temperature. 

7. (a) The high NaCl concentration in EMB medium is used to favor the growth of staphylococci 
because they are not affected by it and it inhibits the growth of most other bacteria and microbes. 
(b) The size of the zone of inhibition is directly proportional to the effectiveness of the particular 
antibiotic used during antibiotic sensitivity testing in a Petri dish.  

8. (a) While using a conventional compound light microscope under oil immersion, two Serratia bacilli 
that are 300 nm apart will blur into one if the limit of resolution of the lens system is 350nm. 
(b) The numerical aperture of the objective lens is inversely proportional to the resolution. 
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9. (a) Pseudostratified columnar epithelium is found in the respiratory system and may have numerous 
cilia that move mucous over the surface of the tissue.  The same tissue is found in the digestive tract 
but the cilia are replaced by microvilli. 
(b) Neisseria is a fastidious bacterium that requires an enriched medium for growth.  

10. (a) As a rule connective tissue always contain blood vessels but often are not innervated. 
(b) In a light microscope, the numerical aperture of the objective lens is inversely proportional to the 
limit of resolution, while the resolution is directly proportional to the wavelength of light employed. 

11. (a) While using the light microscope, the oil immersion lens should never be used if looking at 
bacteria that have not been stained by Gram’s stain. 
(b) The human eye has a lower resolution than the light microscope whose objective lens is set at oil 
immersion. 

12. (a) Undefined medium has a wide range of carbon and nitrogen sources that have a better chance of 
meeting the needs of fastidious organisms. 
(b) The fewer the enzymes, the more fastidious the bacterium. 

Fill in the Blanks or Labels: 

13. (a) Name a unique sub-structure found in cardiac muscle. ___________________________ 
(b) Endothelium is what specific type of epithelium tissue? _____________________________ 

14. List two structural or functional characteristics of skeletal muscles: 1._____________________ 2. 
__________________

15. (a) Name one stain used in histology (microscopic anatomy) and pathology: ________________ 
(b) Name one stain used in microbiology: __________________________ 

16. (a) What is the shape of surface cells in stratified squamous epithelium? ___________________ 
(b) Epidermis is what specific type of tissue? ______________________________ 

17. Crystal violet (CV) is a _____________charged dye that binds to the __________________ charged 
bacterial cells. 

18. (a) Name a counterstain used during Gram’s staining. _________________________________ 
(b) Name a decolorizing agent used during Gram’s staining. ____________________________ 

19. A ______________ test is used to detect peptides. 
A ______________ test is used to detect triglycerides. 

20. MSA medium below was inoculated with two different bacteria (see figure on next page).  Both 
grew well, but only the top one fermented mannitol and produced lactic acid. This was evidenced by 
the yellow growth and halo surrounding it (top streak).
(a) List one unique property/characteristic of the bacteria in the top streak. __________________ 
(b) Identify the bacteria evidenced by pink growth and present at the bottom streak: 
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21. (a) The limit of resolution of the unaided human eye is 0.2mm while that of our compound light 
microscope is _______________. 
(b) ______________test is used to detect sugars and polysaccharides. It is never used for 
quantitative analysis of lipids.

22. (a) The various categories of adult connective tissues are listed below:  
Connective Tissue Proper: Loose (areolar, adipose) and Dense (dense regular, dense irregular) 
Specialized Connective Tissue:  cartilage (hyaline, fibrocartilage, __________), bone, fat and blood 

(b) Name a non-hemolytic bacterium: _____________________________ 

23. (a) Eosin Methylene Blue (EMB) medium inhibits/kills Gram _______________ bacteria. 

(b) Chocolate Agar is used to selectively identify this bacterium: ______________________ 

24. (a) A _________________ medium contains substances that cause some bacteria to take on an 
appearance that may visually distinguish them from other bacteria. 
(b) The _________________ are the largest leucocytes found in blood.

25. Label the following two in the diagram below:  disposable inoculating loop and disposable transfer 
pipette

 
26. (a) During Gram staining, Gram’s iodine is a mordant that complexes with the _________________ 

and forms an insoluble complex in Gram-positive cells.  

(b) Name one acid-fast bacteria: ________________________________ 
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27. Blood Agar supports good growth of organisms usually considered difficult to cultivate.  It is used to 
differentiate among numerous bacteria, especially those belonging to the genus Streptococcus.  In 
this regard, a green discoloration of areas around bacterial colonies indicates __________________ 
hemolysis. Name a bacterium that displays this type of hemolysis ___________________________. 

28. (a) What is the location of the axis and atlas in the figure below? 

 (b) Identify the specific bone shown below: 

29. Note the decreasing density of growth in the four “streak patterns” on the plate on the next page.
(a) Label the most concentrated “streak pattern.” 
(b) Cells from an individual colony may be transferred to a sterile medium to start a pure culture 
from which “streak pattern below”.  Label the individual colonies on the plate.

30. (a) The abbreviation “MIC” as used in the context of antibiotic sensitivity testing of bacteria in a 
Petri dish stands for ___________________________________________________.
(b) MRSA stands for __________________________________________________. 

31-40 [figures, projections, models of muscles, bones, histology slides, etc.] 
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Dissection of the Fetal Pig – An Overview
©2016 by Dr. Raj Bawa. All rights reserved. Reprint permissions granted to the original and unaltered work only.   
Copyright information:  bawa@bawabiotech.com            
  

Introduction 

  The fetal pig that you will dissect has been injected with a latex dye. The arteries have been filled 
with red latex while the veins have been filled with blue latex.  An incision was made on the side of 
the neck to enable these injections.   

  Determine the sex of your pig by looking for the urogenital opening.   On females, this opening is 
located near the anus while on males it is located near the umbilical cord.  If your pig is female, you 
should also note that urogenital papilla is present near the genital opening (Males lack urogenital 
papilla).  Both males and females have two rows of nipples and an umbilical cord on the ventral 
abdominal surface.  Mammary glands later develop only in maturing females. What is the sex of 
your pig? 

  Make sure you are familiar with terms of reference, such as, anterior, posterior, dorsal, ventral, 
Media, Lateral, Proximal, Distal, etc. 

Open the pig's mouth and locate the hard and soft palate on the roof of the mouth. Also, touch the 
taste buds (also known as sensory papillae) on the side of the tongue.  Locate the esophagus at the 
back of the mouth and the epiglottis at the back of the mouth.  

Make a transverse cut through the umbilical cord and examine the cut end. Locate the two umbilical 
arteries that carry blood from the fetal pig to the placenta, and the single umbilical vein that delivers 
nutrient-rich blood back to the fetal pig. 

Gestation for the fetal pig is as follows: 112-115 days. The length of the fetal pig can give you a 
rough estimate of its age.  11mm - 21 days | 17 mm - 35 days | 2.8 cm - 49 days 4 cm - 56 days | 22 
cm - 100 days | 30 cm – birth.  Based on this rough estimate, determine the age of your pig. 

Recommendations 

1. While artist’s sketches are useful for learning the fetal pig anatomy, real pigs are not as 
cleanly pictured. Study pictures as well as real pig photographs. 

2. Be sure to identify the major organs as you explore the extent of each system. 
3. Each group should carefully follow the directions and read the description of each incision 

and understand it prior to beginning. Follow along referring to the figures in this manual. 
4. Use the scissors for most incisions.  Be careful not to cut any underlying organs.  It is best to 

cut away from yourself when using scissors for better control. NOTE: Use the scalpel only 
when absolutely necessary.

5. Wash out the cavities of your fetal pig in a sink if needed to remove any brownish material 
(mainly bile and clotted blood). 

6. Following the dissection, place your pig into the plastic bag provided.  Expel excess air from 
the bag and tie it shut.  Write your group name on the tag provided and attach it to the bag.
Place the bags in the refrigerated as directed by Dr. Bawa. 

 Anatomy & Physiology Laboratory Manual—ELI NAS 162 348348 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 162 349



Procedures 

A. Preparing the fetal pig for dissection

  Place your pig in a dissecting pan and obtain a scalpel, scissors, blunt probe, string, 
        plastic bag, and a label/tag.  Note that all pigs have a large incision on their neck as a result of the

colored latex that is injected into their blood vessels for aid in identifying the arteries and veins. 

                        The goal of this dissection is to expose and separate the parts of the fetal pig for study.  They are 
covered and held in position by layers of connective tissue.  This connective tissue must be 
removed - a process which requires minimum cutting.  Use a blunt probe to separate the tissues 
and a pair of forceps to remove connective tissue.  Avoid the temptation of using the scalpel. 

 Examine the external anatomy and determine the sex of your pig. 

B. Dissection of the fetal pig respiratory system

             For specific directions on the dissection of the respiratory system, omit dissection of the hyoid 
apparatus.  Additionally, do not remove the lungs or learn the names given to the various lobes 
of the pig lungs since they differ from the human.  Be very careful not to damage the blood 
vessels in the area of the heart. 

           In addition to the directions and pictures that follow, cut back from the corners of the mouth 
along the line of the palate, through the rami of the lower jaw, in order to expose the pharynx 

   This should be done to gain an understanding of the relationships between the glottis, 
   epiglottis, hard and soft palate, internal nares, and other pharyngeal structures. 

        C. Dissection of the fetal pig urinary system

 Dissect the urinary system of your fetal pig.  Follow instructions provide by Dr. Bawa.  Refer to the 
photographic plates that follow.  During the dissection, be careful so that no damage to the 
reproductive system occurs.  You may remove one of the kidneys and make a frontal section to 
observe the internal details. 

D. Dissection of the fetal pig circulatory system

 Dissect the circulatory system of your fetal pig using the instructions provided by Dr. Bawa.   
 Refer to the photographic plates that follow.  Locate as many vessels as you can. 

Fetal Pig (arteries)     Fetal pig (veins)   

Right & left common carotid    Right & left external jugular 
  Right & left subclavian             Brachiocephalic 
  Brachiocephalic (Innominate)      Right & left subclavian 
  Axillary               Umbilical             
  Aorta      Anterior & posterior vena cavae 
  Arch of aorta     Right & left renal      

 Pulmonary     Right & left common iliac   
  Ductus arteriosus    Right & left external iliac 
  Abdominal aorta     
  Celiac       
  Right & left renal      
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  Anterior & posterior mesenteric 
  Right & left external iliac  
              Right & left internal iliac
            Right & left femoral     

Right & left umbilical            

E. Dissection of the fetal pig lymphatic system

On your fetal pig, locate the thymus gland and spleen.  As an animal ages, its thymus  
tends to decrease in size. 

F. Dissection of the fetal pig digestive system

 Examine and locate digestive system organs and features on the fetal pig following the 
       instructions provided by Dr. Bawa and the photographic plates that follow. 

Optional: Cut a small portion of both the large and small intestine from your fetal pig.  Open the 
sections and use a dissecting scope to observe the differences. 

G. Dissection of the fetal pig reproductive system

    Dissect, identify and learn the reproductive structures of a male fetal pig.  If you have a 
  female, examine a dissected male of another group. 

Dissect, identify, and learn the reproductive structures of a female fetal pig.  If you have 
a male, examine a dissected female of another group. 

Anatomy Models 

Study the main anatomical features of organ systems on the models displayed in the lab. Make sure you 
find and identify all anatomical features dissected in the fetal pig on the organ models.  

725CHAPTER 32
The Deuterostomes: Understanding Animals—Part Iv
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Figure 32.104  A ventral view of the surface 
anatomy of the fetal pig.
1. Nose
2.  Wrist
3. Elbow
4.  Teats

5.  Scrotum
6.  Tail
7.  Nostril 
8.  Tongue

 9.  Digit
10.  Umbilical cord 
11.  Knee
12.  Ankle
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Figure 32.103  The directional terminology and superficial structures 
in a fetal pig (quadrupedal vertebrate).
1. Anus
2. Tail
3. Scrotum
4. Knee
5. Teat
6. Ankle
7. Umbilical cord
8. Hoof

  9. Auricle (pinna)
10.  External auditory canal
11.  Superior palpebra  

(superior eyelid)
12. Elbow
13. Wrist
14. Naris (nostril)
15. Tongue

Figure 32.105  A lateral view of superficial musculature of the fetal pig.
1. Biceps femoris m.
2. Semitendinosus m.
3. Tensor fasciae latae m.
4. Gluteus medius m.
5. External abdominal oblique m.

6. Triceps brachii m. (long head) 
7. Trapezius m.
8. Deltoid m.
9. Supraspinatus m.
10. Cleidooccipitalis m.

11. Cleidomastoid m.
12. Sternocephalicus m.
13.  Triceps brachii m. (lateral head)
14. Brachialis m.
15. Pectoralis profundus m.
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Figure 32.104  A ventral view of the surface 
anatomy of the fetal pig.
1. Nose
2.  Wrist
3. Elbow
4.  Teats

5.  Scrotum
6.  Tail
7.  Nostril 
8.  Tongue

 9.  Digit
10.  Umbilical cord 
11.  Knee
12.  Ankle
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Figure 32.103  The directional terminology and superficial structures 
in a fetal pig (quadrupedal vertebrate).
1. Anus
2. Tail
3. Scrotum
4. Knee
5. Teat
6. Ankle
7. Umbilical cord
8. Hoof
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14. Naris (nostril)
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Figure 32.105  A lateral view of superficial musculature of the fetal pig.
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4. Gluteus medius m.
5. External abdominal oblique m.

6. Triceps brachii m. (long head) 
7. Trapezius m.
8. Deltoid m.
9. Supraspinatus m.
10. Cleidooccipitalis m.

11. Cleidomastoid m.
12. Sternocephalicus m.
13.  Triceps brachii m. (lateral head)
14. Brachialis m.
15. Pectoralis profundus m.

4

5 6 7 8 9

10

11

12

13

14

15

1

2

3

BIO212.indb   725 5/26/11   2:07 PM

350 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 162 351



726 CHAPTER 32
Exploring Biology in the Laboratory

Fi
g

u
re

 3
2.

10
6 

 A
 v

e
n

tr
a

l v
ie

w
 o

f t
h

e
 m

u
sc

le
s 

o
f t

h
e

 fe
ta

l p
ig

.
Fi

g
u

re
 3

2.
10

7 
 A

 d
o

rs
a

l v
ie

w
 o

f 
th

e
 m

u
sc

le
s 

o
f 

th
e

 f
e

ta
l p

ig
.

BIO212.indb   726 5/26/11   2:07 PM

352 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 162 353



727CHAPTER 32
The Deuterostomes: Understanding Animals—Part Iv

Figure 32.108  A ventral view of superficial muscles  
of neck and upper torso.
 1. Platysma m. (reflected)
 2. Digastric m.
 3. Mylohyoid m.
 4. Sternohyoid m.
 5. Omohyoid m.
 6. Sternomastoid m.

 7. Mandibular gland
 8. Larynx
 9. Sternothyroid m.
 10. Brachiocephalic m.
 11.  Pectoralis superficialis m. 

(cut and reflected)
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Figure 32.110  A lateral view of the superficial 
thigh and leg.

 1. Gluteus superficialis m.
 2. Semitendinosus m.
 3. Semimembranosus m.
 4. Gastrocnemius m.
 5.  Extensor digitorum 

quarti and quinti mm.
 6. Gluteus medius m.

 7. Tensor fasciae latae m.
 8. Biceps femoris m.
 9.  Fibularis (peroneus)  

longus m.
 10.  Fibularis (peroneus)  

tertius m.
 11. Tibialis anterior m.
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Figure 32.111  Medial muscles of thigh and leg.
 1.  Iliacus m.
 2. Tensor fasciae latae m.
 3. Rectus femoris m.
 4.  Semimembranosus m. 
 5. Tibialis anterior m.
 6.  External abdominal 

oblique m.

 7. Psoas major m.
 8. Sartorius m.
 9. Pectineus m.
 10.  Adductor m.
 11. Semitendinosus m.
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Figure 32.109  Superficial medial muscles of the forelimb.
 1.  Extensor carpi radialis m.
 2. Biceps brachii m.
 3.  Axillary artery and  

vein, brachial plexus
 4. Flexor carpi radialis m.
 5.  Flexor digitorum  

profundus m.

 6.  Flexor digitorum  
superficialis m.

 7. Flexor carpi ulnaris m.
 8.  Triceps brachii m.  

(lateral head) 
 9.  Triceps brachii m. 

(long head)
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Figure 32.119  The general 
structures of the fetal pig brain. 
Because the cerebrum is less 
defined in pigs, the regions are 
not known as lobes as they are  
in humans.

1.  Occipital region of cerebrum
2. Cerebellum
3. Medulla oblongata
4. Spinal cord
5. External acoustic meatus
6. Longitudinal fissure
7. Parietal region of cerebrum
8. Frontal region of cerebrum
9. Temporal region of cerebrum
10. Eye
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Figure 32.117  The urogenital system of the fetal pig.
1. Adrenal gland
2.  Right kidney 
3.  Caudal (inferior) vena 

cava
4. Ureter
5. Genital vessels
6. Vas (ductus) deferens 
7. Spermatic cord
8. Epididymis
9. Testis
10. Renal vein

11. Renal artery 
12. Descending aorta
13. Iliolumbar artery
14. Rectum (cut)
15. Common iliac artery
16. Internal iliac artery 
17. External iliac artery
18. Femoral artery
19. Urinary bladder
20. Testis
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Figure 32.118  The urogenital system of the fetal pig.
1. Vas (ductus) deferens
2. Spermatic cord
3. Epididymis
4. Right testis
5. Left kidney

6. Right kidney
7. Ureter
8. Urinary bladder
9. Penis
10. Left testis
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22Respiratory  
System  
Physiology

OBJECTIVES
Once you have completed this unit, you should be able to:

■■ Describe the pressure-volume relationships in the  
lungs.

■■ Describe and measure respiratory volumes and 
 capacities.

■■ Explain the effects of carbon dioxide concentration  
on blood pH.
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Basic Respiratory Processes

Pulmonary ventilation  __________________________________________________________________________________

______________________________________________________________________________________________________

Pulmonary gas exchange  ________________________________________________________________________________

______________________________________________________________________________________________________

Gas transport  _________________________________________________________________________________________

______________________________________________________________________________________________________

Tissue gas exchange  ____________________________________________________________________________________

______________________________________________________________________________________________________

Pulmonary Ventilation Terms

Inspiration ____________________________________________________________________________________________

______________________________________________________________________________________________________

Expiration ____________________________________________________________________________________________

______________________________________________________________________________________________________

Boyle’s law ____________________________________________________________________________________________

______________________________________________________________________________________________________

Intrapulmonary pressure  ________________________________________________________________________________

______________________________________________________________________________________________________

Atmospheric pressure ___________________________________________________________________________________

______________________________________________________________________________________________________

Spirometer ____________________________________________________________________________________________

______________________________________________________________________________________________________

Respiratory volume  ____________________________________________________________________________________

______________________________________________________________________________________________________

Respiratory capacity ____________________________________________________________________________________

______________________________________________________________________________________________________

Pre-Lab Exercise 1
. Key Terms
You should be familiar with the following terms before coming to lab.

Pre-Lab exercises
Complete the following exercises prior to coming to lab, using your textbook and lab manual for reference.

Term Definition

pH 

 

Acid 

 

Base 

 

Buffer 

 

Chemical Reaction 

 

Enzyme 

 

Polar covalent bond 

 

Nonpolar covalent bond 

 

Ionic bond 

 

Cation 

 

The measure of a solution’s alkalinity or acidity; the negative logarithm of the hydrogen ion

concentration

A compound capable of neutralizing alkalis and reddening blue litmus paper, containing hydrogen

that can be replaced by a metal or an electropositive group to form a salt

A class of compounds that form hydroxyl ions (OH) when dissolved in water, and whose aqueous

solutions react with acids to form salts. Bases turn red litmus paper blue and have a pH >7

A solution containing either a weak acid and its salt or a weak base and its salt, which is

resistant to changes in pH

PRE-LAB EXERCISES
Complete the following exercises prior to coming to lab, using your textbook and lab manual for reference.

Pre-Lab Exercise 22-1
.■Key Terms
You should be familiar with the following terms before coming to lab. Please note that the  
respiratory  volumes and capacities are covered in Pre-Lab Exercises 22-2 and 22-3.

Term Definition

Name ____________________________________________________ Section _________________ Date ______________

Respiratory System Physiology  x  UNIT 22  y  535

22

Gas Transport and External Respiration Terms

Carbonic acid–bicarbonate buffer system  __________________________________________________________________

______________________________________________________________________________________________________

Carbonic anhydrase  ____________________________________________________________________________________

______________________________________________________________________________________________________

Hyperventilation _______________________________________________________________________________________

______________________________________________________________________________________________________

Hypoventilation  _______________________________________________________________________________________

______________________________________________________________________________________________________

Defining Pulmonary Volumes and Capacities
Define and give the normal value for males and females for each of the following respiratory volumes  
and capacities listed in Table 22.1.

TABLE 22.1 Respiratory Volumes and Capacities

Volume/Capacity Definition Normal Value

Tidal volume
Male: ____________ ml

Female: __________ ml

Inspiratory reserve volume
Male: ____________ ml

Female: __________ ml

Expiratory reserve volume
Male: ____________ ml

Female: __________ ml

Residual volume
Male: ____________ ml

Female: __________ ml

Inspiratory capacity
Male: ____________ ml

Female: __________ ml

Functional residual capacity
Male: ____________ ml

Female: __________ ml

Vital capacity
Male: ____________ ml

Female: __________ ml

Total lung capacity
Male: ____________ ml

Female: __________ ml

Vein Location Organ/Region Drained

Veins of the Trunk

Brachiocephalic vein

Common iliac vein

Hepatic portal vein

Hepatic vein

Inferior mesenteric vein

Internal iliac vein

Renal vein

Splenic vein

Superior mesenteric vein

Veins of the Head and Neck

Renal vein

Splenic vein

Pre-Lab Exercise 3
. Key Terms: Veins
Describe the location and the organ or region of the body drained by each of the veins in Table 17.2.

Table 17.2 Major Veins of the Body

Pre-Lab Exercise 22-2

Name __________________________________________________________________ Section _________________ Date ___________________
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FIGURE 22.1 Respiratory volumes and capacities

Pre-Lab Exercise 22-3
Labeling Pulmonary Volumes and Capacities

Label and color the respiratory volumes and capacities depicted in Figure 22.1 using the terms from Exercise 22-2 (p. 539). 
Use your text and Exercise 22-2 in this unit for reference.
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22

In the previous unit we covered respiratory system anatomy, and now we turn our attention to 
respiratory system  physiology. Respiration consists of four basic physiological processes: 

1. pulmonary ventilation, the physical movement of air into and out of the lungs, 

2. pulmonary gas exchange, the movement of gases across the respiratory membrane, 

3. gas transport, the movement of gases through the blood, and 

4. tissue gas exchange, the exchange of gases between the blood and the tissues. 

In this unit we examine the first three processes by studying a model of the lungs, measuring respiratory volumes, 
and measuring the effect of exercise on carbon dioxide exchange. 

Pulmonary ventilation, the physical movement of air into and out of 
the lungs, consists of two phases: 

1. inspiration, during which air is brought into the lungs, and 

2. expiration, during which air is expelled from the lungs. 

The movement of air during inspiration and expiration is 
driven by changes in the lungs’ volume and pressure (Figure 22.2). 
The relationship of gas pressure and volume is expressed in what is 
known as Boyle’s law, expressed mathematically as:

P1V1 4 P2V2 or P 4 1/V

Stated simply, this means that pressure and volume are inversely proportional: As the volume of a container increases, 
the pressure decreases, and as the volume of a container decreases, the pressure increases. 

The changes in volume during the phases of ventilation are driven by the inspiratory muscles. The main inspiratory 
muscle is the diaphragm, and it is assisted by the external intercostal muscles. During forced inspiration, several other 
muscles, termed accessory muscles of inspiration, assist the diaphragm and external intercostals. When the inspiratory 

EXERCISES

Exercise 22-1
Pressure-Volume Relationships 
in the Lungs

MATERIALS

❑■ Bell-jar model of the lungs

FIGURE 22.2 Pressure-volume relationships in the lungs during inspiration and expiration
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The movement of air during inspiration and expiration is 
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muscles contract, they increase both the height and the diameter of the thoracic cavity, which increases its volume. Recall 
that the lungs are attached to the thoracic cavity directly by the pleural membranes. Therefore, the lungs increase in volume 
when the thoracic cavity increases in volume. As the lungs’ volume increases, their pressure, called the intrapulmonary 
pressure, decreases. When intrapulmonary pressure is lower than the atmospheric pressure, inspiration occurs, and air 
rushes into the lungs. Because the intrapulmonary pressure must be lower than the atmospheric pressure for inspiration  
to occur, it sometimes is referred to as negative pressure. 

Expiration is achieved primarily by the elastic recoil of the lungs. As the inspiratory muscles relax, the lungs’ elastic 
tissue causes them to recoil to their original, smaller size. This decreases the volume of the lungs and increases the intra-
pulmonary pressure. Once the intrapulmonary pressure is higher than the atmospheric pressure, air exits the lungs,  
and  expiration occurs. In the event of forced expiration, several accessory muscles of expiration, including the internal 
intercostals, will decrease the height and diameter of the thoracic cavity.

Procedure Model Ventilation with the Bell-Jar Model
In this procedure we will use a bell-jar model of the lungs, shown 
in Figure 22.3, to view the effects of pressure and volume on 

ventilation. The bell-jar model has two balloons, each representing one lung, 
and a flexible membrane on the bottom that represents the diaphragm. After 
you have completed this activity, answer Check Your Understanding questions 
1 and 2 (p. 547).

1 Apply upward pressure to the diaphragm. This represents how the 
diaphragm looks when it is relaxed. What has happened to the pressure  
of the system (has it increased or decreased)? What happened to the 
volume of the lungs?

 _____________________________________________________________

 _____________________________________________________________

 _____________________________________________________________

 _____________________________________________________________

 _____________________________________________________________

 _____________________________________________________________

2 Now slowly release the diaphragm. This represents the diaphragm 
flattening out as it contracts. What is happening to the pressure as you 
release the diaphragm? What happened to the volume of the lungs?

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

3 If your bell-jar model has a rubber stopper in the top, you can use it to demonstrate the effects of a pneumothorax 
on lung tissue. A pneumothorax generally is caused by a tear in the pleural membranes that allows air to enter the 
pleural cavity. With the diaphragm flat and the lungs (balloons) inflated, loosen the rubber stopper. What happens  
to the lungs? Why?

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

FIGURE 22.3 Bell-jar model of the 
lungs, simulated inspiration

Procedure pH Applications
Now let’s apply the pH scale to physiologic systems. The stomach contains concentrated hydrochloric acid, and the 
pH of the stomach contents ranges between 1 and 3. Antacids are a group of medications that neutralize stomach 

acid to treat a variety of conditions, including gastroesophageal reflux, commonly known as heartburn. Antacids generally 
consist of a metal bound ionically to a base. In this activity you will compare the effectiveness of three widely available ant-
acids in neutralizing concentrated hydrochloric acid.

 1 Obtain three glass test tubes and label them 1, 2, and 3. 

 2 Obtain a bottle of 0.1M hydrochloric acid (HCl), and record its pH in the blank below. 

  pH of 0.1M HCl: __________

 3 In each tube, place 2 ml of the 0.1M HCl.

 4 Add one-fourth of one crushed Tums® tablet to tube 1. 

 5 Add one-fourth of one crushed Rolaids® tablet to tube 2.

 6 Add one-fourth of one crushed Alka-Seltzer® tablet to tube 3.

 7 Allow the tubes to sit undisturbed for 3 minutes.

 8 Measure the pH of the contents of each tube and record the values in Table 2.3.

 9 What effect did the antacids have on the acid?
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Respiratory volumes are the volumes of air exchanged with each 
breath. These volumes of air are measured with an instrument called 
a spirometer and include the following (Figure 22.4):

1. Tidal volume (TV). The tidal volume, or TV, is the amount 
of air  exchanged with each breath during normal, quiet 
breathing. It measures about 500 ml in a healthy adult.

2. Expiratory reserve volume (ERV). The expiratory reserve 
volume, or the ERV, is the volume of air that may be  expired 
after a tidal expiration. It averages between 700 and 1,200 ml 
of air. 

3. Inspiratory reserve volume (IRV). The inspiratory reserve 
volume, or the IRV, is the amount of air that may be  inspired 

after a tidal inspiration. It averages between 1,900 and 3,100 ml of air. 

Note that there is also a fourth volume, called the residual volume (RV), that cannot be measured with a spirometer. 
It is defined as the amount of air that remains in the lungs after maximal expiration and is generally equal to about 
1,100–1,200 ml of air. This amount of air accounts for the difference between the IRV and the ERV.

Two or more respiratory volumes may be combined to give respiratory capacities. As you can see in Figure 22.4, 
there are four respiratory capacities:

1. Inspiratory capacity (IC). The inspiratory capacity, or IC, is equal to the TV plus the IRV and is the amount of air 
a person can maximally inspire after a tidal expiration. It averages between 2,400 and 3,600 ml of air. 

2. Functional residual capacity (FRC). The functional residual capacity, or the FRC, is the amount of air normally 
left in the lungs after a tidal expiration. It is the sum of the ERV and the RV and averages between 1,800 and 
2,400 ml of air. It is not measurable with general spirometry.

3. Vital capacity (VC). The vital capacity, or VC, represents the total amount of exchangeable air that moves in and out 
of the lungs. It is equal to the sum of the TV, IRV, and the ERV and averages between 3,100 and 4,800 ml of air.

4. Total lung capacity (TLC). The total lung capacity, or TLC, represents the total amount of exchangeable and  non-
exchangeable air in the lungs. It is the total of all four respiratory volumes and is not measurable with general 
spirometry. It averages between 4,200 and 6,000 ml of air.

Exercise 22-2
Measuring Pulmonary Volumes  
and Capacities

MATERIALS

■❑ Wet or computerized spirometer

■❑ Disposable mouthpiece

FIGURE 22.4 Respiratory volumes and capacities (note that the top value in the figure is the average value for males, 
and the value in parentheses is the average value for females)
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muscles contract, they increase both the height and the diameter of the thoracic cavity, which increases its volume. Recall 
that the lungs are attached to the thoracic cavity directly by the pleural membranes. Therefore, the lungs increase in volume 
when the thoracic cavity increases in volume. As the lungs’ volume increases, their pressure, called the intrapulmonary 
pressure, decreases. When intrapulmonary pressure is lower than the atmospheric pressure, inspiration occurs, and air 
rushes into the lungs. Because the intrapulmonary pressure must be lower than the atmospheric pressure for inspiration  
to occur, it sometimes is referred to as negative pressure. 

Expiration is achieved primarily by the elastic recoil of the lungs. As the inspiratory muscles relax, the lungs’ elastic 
tissue causes them to recoil to their original, smaller size. This decreases the volume of the lungs and increases the intra-
pulmonary pressure. Once the intrapulmonary pressure is higher than the atmospheric pressure, air exits the lungs,  
and  expiration occurs. In the event of forced expiration, several accessory muscles of expiration, including the internal 
intercostals, will decrease the height and diameter of the thoracic cavity.

Procedure Model Ventilation with the Bell-Jar Model
In this procedure we will use a bell-jar model of the lungs, shown 
in Figure 22.3, to view the effects of pressure and volume on 

ventilation. The bell-jar model has two balloons, each representing one lung, 
and a flexible membrane on the bottom that represents the diaphragm. After 
you have completed this activity, answer Check Your Understanding questions 
1 and 2 (p. 547).

1 Apply upward pressure to the diaphragm. This represents how the 
diaphragm looks when it is relaxed. What has happened to the pressure  
of the system (has it increased or decreased)? What happened to the 
volume of the lungs?

 _____________________________________________________________

 _____________________________________________________________

 _____________________________________________________________

 _____________________________________________________________

 _____________________________________________________________

 _____________________________________________________________

2 Now slowly release the diaphragm. This represents the diaphragm 
flattening out as it contracts. What is happening to the pressure as you 
release the diaphragm? What happened to the volume of the lungs?

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

3 If your bell-jar model has a rubber stopper in the top, you can use it to demonstrate the effects of a pneumothorax 
on lung tissue. A pneumothorax generally is caused by a tear in the pleural membranes that allows air to enter the 
pleural cavity. With the diaphragm flat and the lungs (balloons) inflated, loosen the rubber stopper. What happens  
to the lungs? Why?

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

FIGURE 22.3 Bell-jar model of the 
lungs, simulated inspiration

Procedure pH Applications
Now let’s apply the pH scale to physiologic systems. The stomach contains concentrated hydrochloric acid, and the 
pH of the stomach contents ranges between 1 and 3. Antacids are a group of medications that neutralize stomach 

acid to treat a variety of conditions, including gastroesophageal reflux, commonly known as heartburn. Antacids generally 
consist of a metal bound ionically to a base. In this activity you will compare the effectiveness of three widely available ant-
acids in neutralizing concentrated hydrochloric acid.

 1 Obtain three glass test tubes and label them 1, 2, and 3. 

 2 Obtain a bottle of 0.1M hydrochloric acid (HCl), and record its pH in the blank below. 

  pH of 0.1M HCl: __________

 3 In each tube, place 2 ml of the 0.1M HCl.

 4 Add one-fourth of one crushed Tums® tablet to tube 1. 

 5 Add one-fourth of one crushed Rolaids® tablet to tube 2.

 6 Add one-fourth of one crushed Alka-Seltzer® tablet to tube 3.

 7 Allow the tubes to sit undisturbed for 3 minutes.

 8 Measure the pH of the contents of each tube and record the values in Table 2.3.

 9 What effect did the antacids have on the acid?

Respiratory System Physiology  x  UNIT 22  y  539

22

Respiratory volumes are the volumes of air exchanged with each 
breath. These volumes of air are measured with an instrument called 
a spirometer and include the following (Figure 22.4):

1. Tidal volume (TV). The tidal volume, or TV, is the amount 
of air  exchanged with each breath during normal, quiet 
breathing. It measures about 500 ml in a healthy adult.

2. Expiratory reserve volume (ERV). The expiratory reserve 
volume, or the ERV, is the volume of air that may be  expired 
after a tidal expiration. It averages between 700 and 1,200 ml 
of air. 

3. Inspiratory reserve volume (IRV). The inspiratory reserve 
volume, or the IRV, is the amount of air that may be  inspired 

after a tidal inspiration. It averages between 1,900 and 3,100 ml of air. 

Note that there is also a fourth volume, called the residual volume (RV), that cannot be measured with a spirometer. 
It is defined as the amount of air that remains in the lungs after maximal expiration and is generally equal to about 
1,100–1,200 ml of air. This amount of air accounts for the difference between the IRV and the ERV.

Two or more respiratory volumes may be combined to give respiratory capacities. As you can see in Figure 22.4, 
there are four respiratory capacities:

1. Inspiratory capacity (IC). The inspiratory capacity, or IC, is equal to the TV plus the IRV and is the amount of air 
a person can maximally inspire after a tidal expiration. It averages between 2,400 and 3,600 ml of air. 

2. Functional residual capacity (FRC). The functional residual capacity, or the FRC, is the amount of air normally 
left in the lungs after a tidal expiration. It is the sum of the ERV and the RV and averages between 1,800 and 
2,400 ml of air. It is not measurable with general spirometry.

3. Vital capacity (VC). The vital capacity, or VC, represents the total amount of exchangeable air that moves in and out 
of the lungs. It is equal to the sum of the TV, IRV, and the ERV and averages between 3,100 and 4,800 ml of air.

4. Total lung capacity (TLC). The total lung capacity, or TLC, represents the total amount of exchangeable and  non-
exchangeable air in the lungs. It is the total of all four respiratory volumes and is not measurable with general 
spirometry. It averages between 4,200 and 6,000 ml of air.

Exercise 22-2
Measuring Pulmonary Volumes  
and Capacities
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■❑ Wet or computerized spirometer

■❑ Disposable mouthpiece

FIGURE 22.4 Respiratory volumes and capacities (note that the top value in the figure is the average value for males, 
and the value in parentheses is the average value for females)
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Spirometry is a useful tool with which to assess pulmonary function. The respiratory volumes and capacities are 
 especially helpful in differentiating the two primary types of respiratory disorders—restrictive diseases and obstructive 
 diseases. Restrictive diseases, such as pulmonary fibrosis, are characterized by a loss of elasticity (decreased compliance)  
of the lung tissue. As a result, patients’ ability to inspire is affected adversely. This decreases the IRV, IC, VC, and TLC.

Obstructive diseases, such as chronic obstructive pulmonary disease (COPD) and asthma, are characterized by 
 increased airway resistance caused by narrowing of the bronchioles, increased mucus secretion, and/or an obstructing 
body such as a tumor. It may seem counterintuitive, but obstructive diseases make expiration difficult. This is because  
the  increased intrapulmonary pressure during expiration naturally tends to shrink the diameter of the bronchioles. When 
the bronchioles are already narrowed, as in an obstructive disease, the increased intrapulmonary pressure can actually 
 collapse the bronchioles and trap oxygen-poor air in the distal respiratory passages. Therefore, patients with obstructive 
diseases often exhale slowly and through pursed lips to minimize the pressure changes and maximize the amount of air 
exhaled. This decreases the ERV and VC and increases the RV and FRC.

Procedure Measure Respiratory Volumes with a Wet Spirometer
Three types of spirometers are commonly found in anatomy and physiology labs: 

1. a bell, or “wet” spirometer, 

2. a computerized spirometer, and

3. a handheld spirometer (shown in Figure 22.5).

Many types of wet and handheld spirometers allow you to 
assess only expiratory volumes, whereas computerized spirometers 
 typically allow you to assess both inspiratory and expiratory 
volumes. All types of devices allow measurement of one or more 
respiratory capacities. 

The following procedure is intended for a wet or handheld 
spirometer. If your lab has a computerized spirometer, however, you 
can either follow the procedure below or follow the prompts by the 
computer program. When you have completed the  activity, answer 
Check Your Understanding questions 3 and 4 (pp. 547–548).

1 Obtain a disposable mouthpiece, and attach it to the end of the tube. 

2 Before you begin, practice exhaling through the tube several times. Note that you are supposed to only exhale into 
the tube, because it likely has no filter. 

3 Measure the tidal volume: Sit in a chair with your back straight and your eyes closed. Inhale a normal tidal inspiration, 
and exhale this breath through the tube. Getting a true representation of the tidal volume is often difficult, because 
people have a tendency to force the expiration. To get the most accurate tidal volume, take several measurements and 
average the numbers.

Measurement 1: _______________

Measurement 2: _______________

Measurement 3: _______________

Average Tidal Volume: _______________

Procedure pH Applications
Now let’s apply the pH scale to physiologic systems. The stomach contains concentrated hydrochloric acid, and the 
pH of the stomach contents ranges between 1 and 3. Antacids are a group of medications that neutralize stomach 

acid to treat a variety of conditions, including gastroesophageal reflux, commonly known as heartburn. Antacids generally 
consist of a metal bound ionically to a base. In this activity you will compare the effectiveness of three widely available ant-
acids in neutralizing concentrated hydrochloric acid.

 1 Obtain three glass test tubes and label them 1, 2, and 3. 

 2 Obtain a bottle of 0.1M hydrochloric acid (HCl), and record its pH in the blank below. 

  pH of 0.1M HCl: __________

 3 In each tube, place 2 ml of the 0.1M HCl.

 4 Add one-fourth of one crushed Tums® tablet to tube 1. 

 5 Add one-fourth of one crushed Rolaids® tablet to tube 2.

 6 Add one-fourth of one crushed Alka-Seltzer® tablet to tube 3.

 7 Allow the tubes to sit undisturbed for 3 minutes.

 8 Measure the pH of the contents of each tube and record the values in Table 2.3.

 9 What effect did the antacids have on the acid?

You should not be the subject of this experiment  
  if you have cardiovascular or pulmonary disease  
    or are prone to dizziness or fainting.

Safety Note

Note that some handheld spirometers 
are not terribly sensitive, so they give a 
value for the tidal volume that is too low. 
If you find that this is the case, you may 
need to take extra readings to get an 
approximately accurate measurement.

FIGURE 22.5 A handheld spirometer
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4 Measure the expiratory reserve volume: Before taking this measurement, inhale and exhale a series of tidal volumes. 
Then inspire a normal tidal inspiration, breathe out a normal tidal expiration, put the mouthpiece to your mouth, 
and exhale as forcibly as possible. Don’t cheat by taking in a large breath first! As before, perform several measure-
ments and average the numbers.

Measurement 1: _______________

Measurement 2: _______________

Measurement 3: _______________

Average Expiratory Reserve Volume: _______________

5 Measure the vital capacity: As before, inhale and exhale a series of tidal volumes. Then bend over, and exhale 
maximally. Once you have exhaled as much air as you can, raise yourself upright, and inhale as much air as you 
possibly can (until you feel like you are about to “pop”). Quickly place the mouthpiece to your mouth, and exhale as 
forcibly and as long as possible. Take several measurements (you may want to give yourself a minute to rest between 
measurements), and record the data below.

Measurement 1: _______________

Measurement 2: _______________

Measurement 3: _______________

Average Vital Capacity: _______________

6 Calculate the inspiratory reserve volume: Even though the bell spirometer cannot measure inspiratory volumes,  
you can calculate this volume now that you have the vital capacity (VC), tidal volume (TV), and expiratory reserve 
volume (ERV). Recall that VC 4 TV ` IRV ` ERV. Rearrange the equation: IRV 4 VC 1 (TV ` ERV).

Average IRV: _______________

7 How do your values compare with the average values? What factors, if any, do you think may have affected your 
 results?

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________
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Spirometry is a useful tool with which to assess pulmonary function. The respiratory volumes and capacities are 
 especially helpful in differentiating the two primary types of respiratory disorders—restrictive diseases and obstructive 
 diseases. Restrictive diseases, such as pulmonary fibrosis, are characterized by a loss of elasticity (decreased compliance)  
of the lung tissue. As a result, patients’ ability to inspire is affected adversely. This decreases the IRV, IC, VC, and TLC.

Obstructive diseases, such as chronic obstructive pulmonary disease (COPD) and asthma, are characterized by 
 increased airway resistance caused by narrowing of the bronchioles, increased mucus secretion, and/or an obstructing 
body such as a tumor. It may seem counterintuitive, but obstructive diseases make expiration difficult. This is because  
the  increased intrapulmonary pressure during expiration naturally tends to shrink the diameter of the bronchioles. When 
the bronchioles are already narrowed, as in an obstructive disease, the increased intrapulmonary pressure can actually 
 collapse the bronchioles and trap oxygen-poor air in the distal respiratory passages. Therefore, patients with obstructive 
diseases often exhale slowly and through pursed lips to minimize the pressure changes and maximize the amount of air 
exhaled. This decreases the ERV and VC and increases the RV and FRC.
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Three types of spirometers are commonly found in anatomy and physiology labs: 
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2. a computerized spirometer, and

3. a handheld spirometer (shown in Figure 22.5).

Many types of wet and handheld spirometers allow you to 
assess only expiratory volumes, whereas computerized spirometers 
 typically allow you to assess both inspiratory and expiratory 
volumes. All types of devices allow measurement of one or more 
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The following procedure is intended for a wet or handheld 
spirometer. If your lab has a computerized spirometer, however, you 
can either follow the procedure below or follow the prompts by the 
computer program. When you have completed the  activity, answer 
Check Your Understanding questions 3 and 4 (pp. 547–548).

1 Obtain a disposable mouthpiece, and attach it to the end of the tube. 

2 Before you begin, practice exhaling through the tube several times. Note that you are supposed to only exhale into 
the tube, because it likely has no filter. 

3 Measure the tidal volume: Sit in a chair with your back straight and your eyes closed. Inhale a normal tidal inspiration, 
and exhale this breath through the tube. Getting a true representation of the tidal volume is often difficult, because 
people have a tendency to force the expiration. To get the most accurate tidal volume, take several measurements and 
average the numbers.

Measurement 1: _______________

Measurement 2: _______________

Measurement 3: _______________

Average Tidal Volume: _______________

Procedure pH Applications
Now let’s apply the pH scale to physiologic systems. The stomach contains concentrated hydrochloric acid, and the 
pH of the stomach contents ranges between 1 and 3. Antacids are a group of medications that neutralize stomach 

acid to treat a variety of conditions, including gastroesophageal reflux, commonly known as heartburn. Antacids generally 
consist of a metal bound ionically to a base. In this activity you will compare the effectiveness of three widely available ant-
acids in neutralizing concentrated hydrochloric acid.

 1 Obtain three glass test tubes and label them 1, 2, and 3. 

 2 Obtain a bottle of 0.1M hydrochloric acid (HCl), and record its pH in the blank below. 

  pH of 0.1M HCl: __________

 3 In each tube, place 2 ml of the 0.1M HCl.

 4 Add one-fourth of one crushed Tums® tablet to tube 1. 

 5 Add one-fourth of one crushed Rolaids® tablet to tube 2.

 6 Add one-fourth of one crushed Alka-Seltzer® tablet to tube 3.

 7 Allow the tubes to sit undisturbed for 3 minutes.

 8 Measure the pH of the contents of each tube and record the values in Table 2.3.

 9 What effect did the antacids have on the acid?

You should not be the subject of this experiment  
  if you have cardiovascular or pulmonary disease  
    or are prone to dizziness or fainting.
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4 Measure the expiratory reserve volume: Before taking this measurement, inhale and exhale a series of tidal volumes. 
Then inspire a normal tidal inspiration, breathe out a normal tidal expiration, put the mouthpiece to your mouth, 
and exhale as forcibly as possible. Don’t cheat by taking in a large breath first! As before, perform several measure-
ments and average the numbers.

Measurement 1: _______________

Measurement 2: _______________

Measurement 3: _______________

Average Expiratory Reserve Volume: _______________

5 Measure the vital capacity: As before, inhale and exhale a series of tidal volumes. Then bend over, and exhale 
maximally. Once you have exhaled as much air as you can, raise yourself upright, and inhale as much air as you 
possibly can (until you feel like you are about to “pop”). Quickly place the mouthpiece to your mouth, and exhale as 
forcibly and as long as possible. Take several measurements (you may want to give yourself a minute to rest between 
measurements), and record the data below.

Measurement 1: _______________

Measurement 2: _______________

Measurement 3: _______________

Average Vital Capacity: _______________

6 Calculate the inspiratory reserve volume: Even though the bell spirometer cannot measure inspiratory volumes,  
you can calculate this volume now that you have the vital capacity (VC), tidal volume (TV), and expiratory reserve 
volume (ERV). Recall that VC 4 TV ` IRV ` ERV. Rearrange the equation: IRV 4 VC 1 (TV ` ERV).

Average IRV: _______________

7 How do your values compare with the average values? What factors, if any, do you think may have affected your 
 results?

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

366 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 162 367



542  y  Exploring Anatomy & Physiology in the Laboratory

22

8 Pool the results for your class, and divide the results into four categories: female cigarette smokers, female 
nonsmokers, male cigarette smokers, and male nonsmokers. Calculate the average TV, ERV, and VC for each  
group, and record these data in Table 22.2.

TABLE 22.2 Respiratory Volumes and Capacities for Smokers and Nonsmokers

Group Tidal Volume Expiratory Reserve Volume Inspiratory Reserve Volume Vital Capacity

Female smokers

Female nonsmokers

Male smokers

Male nonsmokers

9 Interpret your results:

a How did the average values differ for males and females?

  _______________________________________________________________________________________________

  _______________________________________________________________________________________________

  _______________________________________________________________________________________________

b How did the average values differ for smokers and nonsmokers?

  _______________________________________________________________________________________________

  _______________________________________________________________________________________________

  _______________________________________________________________________________________________

c What disease pattern would you expect to see with the smokers? Did your results follow this expectation?

  _______________________________________________________________________________________________

  _______________________________________________________________________________________________

  _______________________________________________________________________________________________

Respiratory System Physiology  x  UNIT 22  y  545

22

1 Which of the following is not a basic physiological process of respiration?

a. Pulmonary gas exchange

b. Glycolytic catabolism

c. Pulmonary ventilation

d. Gas transport

e. Tissue gas exchange

2 Fill in the blanks: According to Boyle’s law, as the volume of a container increases, the pressure _________________. 

 Conversely, as the volume of a container decreases, the pressure __________________.

3 Air moves into the lungs when

a. intrapulmonary pressure is less than atmospheric pressure.

b. intrapulmonary pressure is more than atmospheric pressure.

c. blood pressure is more than intrapulmonary pressure.

d. blood pressure is less than intrapulmonary pressure.

4 Passive expiration is achieved primarily by the

a. contraction of the diaphragm and external intercostals.

b. decrease in intrapulmonary pressure.

c. increase in atmospheric pressure.

d. elastic recoil of the lungs.

5 Matching: Match the following pulmonary volumes and capacities with their correct definition or description.

______ Total lung capacity A. Volume of air in the lungs after a tidal expiration 

______ Residual volume B. Volume of air forcibly expired after a tidal expiration

______ Functional residual capacity 
C. Volume of air forcibly inspired after a tidal inspiration

______ Vital capacity 
D. Maximum amount of exchangeable and nonexchangeable air  

  in the lungs

______ Inspiratory reserve volume
 

E. Maximum amount of air that can be inhaled with a forced  
  inspiration

______ Tidal volume

 

F. Volume of air remaining in the lungs after forceful expiration

______ Inspiratory capacity G. Maximum amount of exchangeable air that can be ventilated with  
  forced inspiration and expiration 

______ Expiratory reserve volume H. Volume of air exchanged with normal, quiet breathing 

Check Your Recall

Name  

Section   Date  UNIT

22
REVIEW
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D. Maximum amount of exchangeable and nonexchangeable air  
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E. Maximum amount of air that can be inhaled with a forced  
  inspiration

______ Tidal volume

 

F. Volume of air remaining in the lungs after forceful expiration

______ Inspiratory capacity G. Maximum amount of exchangeable air that can be ventilated with  
  forced inspiration and expiration 
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Check Your Recall
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6 How do restrictive and obstructive diseases differ?

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

7 Calculate the inspiratory capacity, vital capacity, and total lung capacity for a patient with the following respiratory 
volumes: 

■■ Tidal Volume 4 450 ml

■■ Expiratory Reserve Volume 4 1,100 ml

■■ Inspiratory Reserve Volume 4 3,000 ml

■■ Residual Volume 4 1,200 ml

Inspiratory Capacity 4 ___________________________

Vital Capacity 4	  ___________________________

Total Lung Capacity 4 ___________________________

8 Carbon dioxide is transported through the blood primarily as

a. dissolved gas.

b. bicarbonate.

c. carbonic anhydrase.

d. carbaminohemoglobin.

9 Fill in the blanks: Hyperventilation _______________________ the amount of carbon dioxide exhaled and therefore 

 _______________________ the blood pH. Hypoventilation ______________________ the amount of carbon dioxide 

 exhaled and therefore _______________________ the blood pH. 

10 The enzyme that converts carbon dioxide and water into carbonic acid is called

a. bicarbonate dehydrogenase.

b. adenosine deaminase.

c. carbonic anhydrase.

d. hemoglobin carboxylase.

Respiratory System Physiology  x  UNIT 22  y  547

22

1 The condition emphysema results in loss of elastic recoil of the lung tissue. Would this make inspiration or 
 expiration difficult? Explain.

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

2 Certain chest deformities prevent normal expansion of the chest. Explain why this makes ventilation difficult in 
terms of pressure and volume.

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

3 A male patient presents with the following respiratory volumes and capacities: TV 4 500 ml, ERV 4 1,200 ml,  
IRV 4 1,100 ml. What is this patient’s VC? Are these values normal? If not, are they more consistent with an 
 obstructive or restrictive disease pattern? Explain.

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

Check Your Understanding
Critical Thinking and Application Questions

Name  

Section   Date  UNIT

22
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1 The condition emphysema results in loss of elastic recoil of the lung tissue. Would this make inspiration or 
 expiration difficult? Explain.

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

2 Certain chest deformities prevent normal expansion of the chest. Explain why this makes ventilation difficult in 
terms of pressure and volume.

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

3 A male patient presents with the following respiratory volumes and capacities: TV 4 500 ml, ERV 4 1,200 ml,  
IRV 4 1,100 ml. What is this patient’s VC? Are these values normal? If not, are they more consistent with an 
 obstructive or restrictive disease pattern? Explain.

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

Check Your Understanding
Critical Thinking and Application Questions
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Section   Date  UNIT

22
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4 The disease asthma is a disease characterized by bronchoconstriction (narrowing of the airways),  airway inflammation, 
and excess secretion of thick mucus. Is asthma likely a restrictive disease or an obstructive  disease? Predict the values 
you would expect to see on spirometry for a patient with asthma.

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

5 Why should a person breathe into a paper bag when he or she is hyperventilating abnormally?

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

6 A patient presents in a state of ketoacidosis (a type of metabolic acidosis in which the pH of the blood drops) caused 
by poorly controlled diabetes mellitus. Will the patient be hyperventilating or hypoventilating? Why?

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

7 Why does the ventilatory rate increase during exercise?

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________

 _________________________________________________________________________________________________
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� Theory
Hemagglutination is a general term applied to any agglu-
tination test in which clumping of red blood cells indicates
a positive reaction. Blood tests as well as a number of in-
direct diagnostic serological tests are hemagglutinations.

The most common form of blood typing detects the
presence and absence of A and/or B antigens on the
 surface of red blood cells. A person’s ABO blood type is
 genetically determined. An individual with type A blood
has RBCs with the A antigen and produces anti-B anti-
bodies. Conversely, an individual with type B blood has
RBCs with the B antigen and produces anti-A antibodies.
 People with type AB blood have both A and B antigens

on their RBCs and lack anti-A and anti-B antibodies.
Type O individuals lack A and B antigens but produce
both anti-A and anti-B antibodies.

ABO blood type is ascertained by adding a patient’s
blood separately to anti-A and anti-B antiserum and ob-
serving any signs of agglutination (Table 11-2 and Figure
11-17). Agglutination with anti-A antiserum indicates
the presence of the A antigen and type A blood. Aggluti-
nation with anti-B antiserum indicates the presence of
the B antigen and type B blood. If both agglutinate, 
the individual has type AB blood; lack of agglutination
occurs in individuals with type O blood.

A similar test is used to determine the presence or
absence of the Rh factor (antigen). If clumping of the

E X E R C I S E

11-5 Blood Typing

Reaction With

Anti-A Anti-B Anti-Rh 
Antiserum Antiserum Antiserum Interpretation Symbol

No
A antigen present

Agglutination
Agglutination

Agglutination B antigen absent A�
Rh antigen present

No No
A antigen present

Agglutination
Agglutination Agglutination

B antigen absent A�
Rh antigen absent

No
A antigen absent

Agglutination
Agglutination Agglutination B antigen present B�

Rh antigen present

No No
A antigen absent

Agglutination
Agglutination

Agglutination
B antigen present B�
Rh antigen absent

A and B antigens present
Agglutination Agglutination Agglutination AB�

Rh antigen present

No A and B antigens present
Agglutination Agglutination

Agglutination
AB�

Rh antigen absent

No No A and B antigens absent
Agglutination Agglutination

Agglutination O�
Rh antigen present

No No No A and B antigens absent
Agglutination Agglutination Agglutination

O�
Rh antigen absent

TABLE 11-2 Interpreting Blood Types
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 patient’s blood occurs when mixed with anti-Rh anti-
serum (also known as anti-D), the patient is Rh positive.

� Application
Blood typing is a simple example of an agglutination test
using blood. Clinically, it is used for cross-matching donor
and recipient blood prior to transfusion.

� In This Exercise
You will determine your blood type with respect to two
different markers: the ABO group and the Rh factor.
Then, you will compile class data and compare it to
blood type frequencies in the United States (Table 11-3).

� Materials
Per Student Group
� blood typing anti-A antiserum
� blood typing anti-B antiserum
� blood typing anti-Rh (anti-D) antiserum
� two microscope slides
� three toothpicks
� marking pen
� sterile lancets
� alcohol wipes
� small adhesive bandages
� sharps container
� disposable gloves

Procedure

1 With your marking pen, draw two circles on one
microscope slide. Label one circle “A” and the
other “B” (Figure 11-18A).

2 Draw a single circle with your marking pen in the
center of a second microscope slide. Label it “Rh”
(Figure 11-18B).

3 Place a drop of anti-A antiserum in the “A” circle.

4 Place a drop of anti-B antiserum in the “B” circle.

5 On the second microscope slide, place a drop of
anti-Rh antiserum.

6 Clean the tip of your finger with an alcohol wipe.
Let the alcohol dry. 

7 Open a lancet package and remove the lancet, being
careful not to touch the tip before you use it.

8 Shake your hand and “milk” blood down to the
end of the finger you are going to prick.

9 Prick the end of your finger and immediately place
a drop of blood beside each drop of antiserum. Do
not touch the antisera with your finger. It’s okay to
have someone else prick your finger, but make sure
he or she wears protective gloves.

10 Discard the lancet in the sharps container.

11 Put an adhesive bandage on your wound.

12 Using a circular motion, mix each set of drops with
a toothpick. Be sure to use a different toothpick for
each antiserum. Dispose of the toothpick in the
sharps container.

11-17 ABO BLOOD GROUPS � Blood typing relies on ag-
glutination of RBCs by Anti-A and/or Anti-B antisera. The blood
types are as shown.

TYPE A

TYPE B

TYPE AB

TYPE O
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13 Gently rock the slides back and forth for a few min-
utes or until agglutination occurs.

14 After the agglutination reaction is complete, record
the results in the table provided on the Data Sheet.
Compare your results with the possible results in
Table 11-2 to determine your blood type.

15 Collect class data and record these in the table pro-
vided on the Data Sheet. Compare class data with
U. S. population data in Table 11-3.

Reference
American Red Cross. http://www.redcrossblood.org

11-18 PREPARE THE SLIDES � A Draw two circles on a slide
and label them “A” and “B” for the type of antiserum each will
receive. B Draw one circle on a second slide and label it “Rh.”

A

B

Blood Type White African American Hispanic Asian

O� 37 47 53 39

O� 8 4 4 1

A� 33 24 29 27

A� 7 2 2 0.5

B� 9 18 9 25

B� 2 1 1 0.4

AB� 3 4 2 7

AB� 1 0.3 0.1 0.1

TABLE 11-3 Approximate Percentages of Blood Types in the United States
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Name __________________________________________________________________________ Date ______________________________________

Lab Section _______________________________________________________ I was present and performed this exercise (initials) ___________ 

Blood Typing

OBSERVATIONS AND INTERPRETATIONS

Record your results below.

D
A

TA
 S

H
EE

T
11

-5

My blood type is: ______________________

Record class data in the chart below.

Anti-A

Anti-B

Anti-Rh

Antiserum Agglutination (�/�)

O� 37.4

O� 6.6

A� 35.7

A� 6.3

B� 8.5

B� 1.5

AB� 3.4

AB� 0.6

Blood Percentage in Number Percentage Deviation from
Type U.S. Population in Class in Class National Values

Source: Stanford School of Medicine. Copyright © 2009.
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Q U E S T I O N S

1 Examine the blood type data obtained from your class. Attempt to explain any deviations from the national
values.

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________

2 People with Type “O” are said to be “Universal Donors” in blood  transfusions.  Explain the reasoning
 behind this. Which blood type is designated as the “Universal Recipient”?

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________

3 What biological fact makes the concepts of “Universal Donor” and “Universal Recipient” misnomers?

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________

4 Maternal-fetal Rh incompatibility (where the Rh� mother’s Anti-Rh antibodies destroy the fetus’s Rh�

red blood cells) is a well-known phenomenon. Less well known are situations of maternal-fetal ABO
 incompatibility. Suggest combinations of maternal and fetal blood types that could lead to this situation.

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________

5 Why are red blood cells used in many indirect agglutination tests?

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________
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Cardiovascular 
System

OBJECTIVES
Once you have completed this unit, 
you should be able to:

1. Describe and identify structures 
of the heart.

2. Trace the pathway of blood flow 
through the heart.

3. Describe and identify selected 
arteries and veins.

4. Describe and demonstrate 
 common physical examination 
tests of the heart and blood 
vessels.

5. Measure blood pressure using 
a stethoscope and a 
sphygmomanometer.

6. Describe the waves and intervals 
on an ECg, and perform basic ECg 
interpretation.
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Layers of the Heart Wall

Pericardium  ________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Pericardial cavity ____________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Myocardium ________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Endocardium _______________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Structures of the Heart

Atria (right and left) _________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Ventricles (right and left)  ___________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Tricuspid valve ______________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Mitral (bicuspid) valve _______________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Pulmonary valve ____________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Aortic valve _________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Great Vessels

Superior vena cava  _________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Layers of the Heart Wallt Wallt W

________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

ericardial cavity ____________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

Myocardium ________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

Endocardium _______________________________________________________________________________________________________________________

Pre-Lab Exercise 11-1
� Key Termsey Termsey T
You should be familiar with the following terms before coming to lab.You should be familiar with the following terms before coming to lab.Y

Term Term T

________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

____________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

ou should be familiar with the following terms before coming to lab.

PRE-lAb EXERCISES
Complete the following exercises prior to coming to lab, using your textbook and lab manual for reference.

Layers of the Hear

Pericardium 

_______________________________________________________________________________________________________________________________

ericardial cavity

_______________________________________________________________________________________________________________________________

Myocardium

_______________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

Myocardium

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Myocardium

_______________________________________________________________________________________________________________________________

Myocardium

_______________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________

ericardium 

_______________________________________________________________________________________________________________________________

Pericardial cavity

ericardium 

Pre-Lab Exercise 11-1
✎ Key Terms
You should be familiar with the following terms before coming to lab.

Term Definition

Name ____________________________________________________ Section _________________ Date ______________

263-306 Unit 11 Cardiovascular.indd   265 11/15/13   12:06 PM
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Inferior vena cava  __________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Pulmonary trunk ____________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Pulmonary veins  ____________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Aorta  _______________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Cardiovascular Physiology

S1 __________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

S2 __________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Pulse point _________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Systolic pressure  ____________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Diastolic pressure  __________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

Electrocardiogram  __________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________
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Label and color the two views of the heart in Figure 11.1 with the following terms from Exercise 11-1. Use your text and 
Exercise 11-1 in this unit for reference.

Name _________________________________________________________________ Section ____________________ Date ___________________

Pre-Lab Exercise 11-2
Anatomy of the Heart

FIguRE 11.1 Heart: (A) anterior view; 
(B) frontal section

A

 ❑ Right atrium 
 ❑ left atrium 

Structures of the Ventricles
 ❑ Right ventricle
 ❑ left ventricle
 ❑ Interventricular septum
 ❑ Chordae tendineae 
 ❑ Papillary muscles

Atrioventricular Valves
 ❑ Tricuspid valve
 ❑ Mitral valve

Semilunar Valves
 ❑ Pulmonary valve
 ❑ Aortic valve

great Vessels
 ❑ Superior vena cava
 ❑ Inferior vena cava
 ❑ Pulmonary trunk 
 ❑ Pulmonary veins
 ❑ Aorta

Coronary Arteries
 ❑ Right coronary artery
 ❑ Anterior interventricular 

   artery

B
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Pathway of blood Flow through the Heart
Answer the following questions about the pathway of blood fl ow through the heart. Use your 
textbook and Exercise 11-1 in this unit for reference. 

1. Regarding veins:

a. Where do veins carry blood?  ___________________________________________________________________________________

b. Is this blood generally oxygenated or deoxygenated?  ___________________________________________________________

c. Does this rule have any exceptions? If yes, where?  ______________________________________________________________

2. Regarding arteries: 

a. Where do arteries carry blood?  ________________________________________________________________________________

b. Is this blood generally oxygenated or deoxygenated?  ___________________________________________________________

c. Does this rule have any exceptions? If yes, where?  ______________________________________________________________

3. Where does each atrium pump blood when it contracts?

a. Right atrium: __________________________________________________________________________________________________

b. Left atrium: ____________________________________________________________________________________________________

4. Where does each ventricle pump blood when it contracts?

a. Right ventricle:  ________________________________________________________________________________________________

b. Left ventricle:  _________________________________________________________________________________________________

Pathway of Blood Flow through the Heart
Answer the following questions about the pathway of blood 

textbook and Exercise 11-1 (p. 000) in this unit for reference.

1. Regarding veins:

a. Where do veins carry blood? ___________________________________________________________________________________

Is this blood generally oxygenated or deoxygenated? 

Does this rule have any exceptions? If yes, where? ______________________________________________________________

Regarding arteries:

a. Where do arteries carry blood? ________________________________________________________________________________

b. Is this blood generally oxygenated or deoxygenated? 

c. Does this rule have any exceptions? If yes, where? ______________________________________________________________

3. Where does each atrium pump blood when it contracts?

a. Right atrium: __________________________________________________________________________________________________

Pre-Lab Exercise 11-3

Answer the following questions about the pathway of blood 

) in this unit for reference.

___________________________________________________________________________________

______________________________________________________________

________________________________________________________________________________

______________________________________________________________

__________________________________________________________________________________________________

a. Where do veins carry blood? 

b. Is this blood generally oxygenated or deoxygenated? 

c. Does this rule have any exceptions? If yes,

2. Regarding arteries:

a.

2.

Pre-Lab Exercise 11-3
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Label the arterial diagrams depicted in Figure 11.2A–B with the following terms from Exercise 11-2. Use your text and 
Exercise 11-2 in this unit for reference. Note that these diagrams are presented in color to facilitate identification of the 
vessels.

Arteries of the Trunk
 ❑ Aorta

 ❑ Ascending aorta
 ❑ Aortic arch
 ❑ Abdominal aorta

 ❑ brachiocephalic artery
 ❑ Celiac trunk

 ❑ Splenic artery
 ❑ left gastric artery
 ❑ Common hepatic artery

 ❑ Superior mesenteric artery
 ❑ Renal artery
 ❑ Inferior mesenteric artery
 ❑ Common iliac artery

Arteries of the Head and Neck
 ❑ Common carotid artery
 ❑ Vertebral artery

Arteries of the upper limbs
 ❑ Subclavian artery
 ❑ Axillary artery
 ❑ brachial artery
 ❑ Radial artery
 ❑ ulnar artery

Arteries of the lower limbs
 ❑ External iliac artery
 ❑ Femoral artery
 ❑ Popliteal artery

 ❑ Anterior tibial artery
 ❑ (1) Dorsalis pedis artery

 ❑ Posterior tibial artery

Name _________________________________________________________________ Section ____________________ Date ___________________

Pre-Lab Exercise 11-4
Arterial Anatomy

B

A

FIguRE 11.2 Major arteries: (A) of the body; (B) of the abdomen
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Label the venous diagrams depicted in Figure 11.3A–B with the following terms from Exercise 11-3. Use your text and 
Exercise 11-3 in this unit for reference. Note that these diagrams are presented in color to facilitate identification of the 
vessels.

Veins of the Trunk
 ❑ Superior vena cava
 ❑ Inferior vena cava
 ❑ brachiocephalic vein
 ❑ Hepatic portal vein
 ❑ Superior mesenteric vein
 ❑ Inferior mesenteric vein
 ❑ Renal vein
 ❑ Common iliac vein

Veins of the Head and Neck
 ❑ Internal jugular vein
 ❑ Vertebral vein

Veins of the upper limbs
 ❑ ulnar vein
 ❑ Radial vein
 ❑ Median cubital vein
 ❑ brachial vein
 ❑ basilic vein
 ❑ Cephalic vein
 ❑ Axillary vein
 ❑ Subclavian vein

Veins of the lower limbs
 ❑ great saphenous vein
 ❑ Femoral vein
 ❑ External iliac vein

FIguRE 11.3 Major veins: (A) of the body; (B) of the abdomen

Pre-Lab Exercise 11-5
Venous Anatomy

B

A
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Label the venous diagrams depicted in Figure 11.3A–B with the following terms from Exercise 11-3. Use your text and 
Exercise 11-3 in this unit for reference. Note that these diagrams are presented in color to facilitate identification of the 
vessels.

Veins of the Trunk
 ❑ Superior vena cava
 ❑ Inferior vena cava
 ❑ brachiocephalic vein
 ❑ Hepatic portal vein
 ❑ Superior mesenteric vein
 ❑ Inferior mesenteric vein
 ❑ Renal vein
 ❑ Common iliac vein

Veins of the Head and Neck
 ❑ Internal jugular vein
 ❑ Vertebral vein

Veins of the upper limbs
 ❑ ulnar vein
 ❑ Radial vein
 ❑ Median cubital vein
 ❑ brachial vein
 ❑ basilic vein
 ❑ Cephalic vein
 ❑ Axillary vein
 ❑ Subclavian vein

Veins of the lower limbs
 ❑ great saphenous vein
 ❑ Femoral vein
 ❑ External iliac vein

FIguRE 11.3 Major veins: (A) of the body; (B) of the abdomen

Pre-Lab Exercise 11-5
Venous Anatomy

B

A
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The cardiovascular system transports oxygen, nutrients, wastes, other solutes, and cells throughout 
the body in the blood. The heart is the remarkable organ that drives this transport, tirelessly beating 
more than 100,000 times per day to pump more than 8,000 liters of blood around the body. 

Blood is delivered to and from the heart by a series of organs known as blood vessels. The blood vessels are a closed 
system of tubes that carries blood around the body. The heart pumps blood away from the heart through a series of arteries. 
Arteries branch as they pass through organs and tissues to form progressively smaller vessels until they branch into tiny 
capillary beds, where gas, nutrient, and waste exchange take place. The blood is drained from the capillaries via a series 
of veins that returns the blood to the heart. 

The three major circuits of blood flow in the body are 

1. the systemic circuit, which delivers oxygenated blood to most organs and tissues in the body, 

2. the coronary circuit, which delivers oxygenated blood to the heart, and

3. the pulmonary circuit, which delivers deoxygenated blood to the lungs. 

In this unit we examine the anatomy and physiology of this remarkable system. In the upcoming exercises, you will 
identify the parts of the heart and the body’s major blood vessels and trace various pathways of blood flow through the 
body. In the final exercise you will investigate cardiovascular physiology by performing common clinical tests. 

The heart lies in the mediastinum and is, on average, about the size of 
a fi st (Figure 11.4). Its apex points down and to the left, and its base 
is its fl attened posterosuperior surface. The heart is surrounded by a 
double-layered membrane called the pericardium (pair-ih-KAR-dee-um). 
The outermost layer of the pericardium, called the fi brous pericardium, 
anchors the heart to surrounding structures. It is made of dense 
 irregular connective tissue that is not very distensible, which helps 
to prevent the heart from overfi lling.

The inner layer, called the serous pericardium, is itself composed 
of two layers. The outer portion, called the parietal pericardium, is 
fused to the fi brous pericardium. The inner portion is attached to the 
heart muscle and is called the visceral pericardium, or the epicardium. 
Between the parietal and visceral layers we fi nd a thin layer of serous 
fl uid that occupies a narrow space called the pericardial cavity. The 
fl uid within the pericardial cavity helps the heart to beat without 
friction. 

The heart itself is an organ that consists of three tissue layers:

1. Epicardium. The epicardium, or visceral pericardium, is 
considered the outermost layer of the heart wall. It consists of a layer of epithelial tissue and loose connective 
tissue.

2. Myocardium. The middle myocardium (my-oh-KAR-dee-um) is the actual muscle of the heart. It consists of cardiac 
muscle tissue and its fi brous skeleton.

3. Endocardium. The innermost endocardium is a type of simple squamous epithelium called endothelium. It is 
 continuous with the endothelium lining all blood vessels in the body. 

As you can see in Figure 11.5, the heart consists of four hollow chambers: two atria (AY-tree-uh), which receive blood 

EXERCISES

Exercise 11-1
Anatomy of the Heart

MATERIAlS

 ❑ Heart models

 ❑ Preserved heart

 ❑ Dissection equipment

 ❑ Dissection tray

 ❑ Water-soluble marking pen

 ❑ Laminated outline of the heart and 
lungs
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from the body’s veins, and two ventricles, which eject blood into the body’s arteries. In between the atria is a thin wall 
called the interatrial septum. The much thicker interventricular septum separates the two ventricles. The heart’s four 
chambers include the:

1. Right atrium. The right atrium is the superior right chamber. It receives deoxygenated blood from the body’s 
main veins—the superior vena cava (VEE-nah KAY-vuh), the inferior vena cava, and the coronary sinus. 

2. Right ventricle. The right ventricle is a large  chamber inferior to the right atrium, from which it receives 
 deoxygenated blood. It ejects blood into a vessel called the pulmonary trunk. The pulmonary trunk branches 
into the right and left pulmonary arteries, which deliver deoxygenated blood to the lungs through the pulmonary 
circuit. Within the pulmonary circuit gases are exchanged and the blood becomes oxygenated. 

3. Left atrium. The superior left chamber is the left atrium. It receives oxygenated blood returning from the 
 pulmonary circuit via four pulmonary veins. 

4. Left ventricle. The left ventricle receives oxygenated blood from the left atrium and pumps it into the largest 
artery in the systemic circuit, the aorta (ay-OHR-
tuh). The aorta then branches repeatedly to deliver 
the oxygenated blood to the body’s cells. Note 
that the left ventricle is considerably thicker than 
the right ventricle, which refl ects the fact that the 
pressure is much higher in the systemic circuit 
than it is in the pulmonary circuit. The higher 
pressure requires the left ventricle to pump harder, 
and so its structure is altered to better perform its 
function.

Between the atria and ventricles and the ventricles 
and their vessels are valves that prevent the blood from 
fl owing backward in the heart. The valves between the 
chambers are called atrioventricular valves. The three-
cusped tricuspid valve is between the right atrium and 

 Figure 11.4 Thoracic cavity

Superior
vena cava

Right
lung

Parietal
pleura (cut)

Diaphragm

Apex
of heart

Pulmonary
trunk

Aorta

Right ventricle Left ventricle

Right lung Right atrium Left lung
Fibrous

pericardium

Fibrous
pericardium

Red or blue?
On anatomical models, vessels that carry oxygenated blood 
are red, whereas those that carry deoxygenated blood are 
blue. Systemic arteries carry oxygenated blood to the body’s 
cells and so are red on anatomical models. Systemic veins, 
on the other hand, carry deoxygenated blood back to the 
right atrium and so are blue. but be sure to remember that 
the reverse is true in the pulmonary circuit: The pulmonary 
arteries carry deoxygenated blood to the lungs, and the 
 pulmonary veins carry oxygenated blood to the heart. So, 
in the pulmonary circuit, the arteries are blue and the veins 
are red.

HINTS   TIPSHINTS   TIPS

263-306 Unit 11 Cardiovascular.indd   272 11/15/13   12:06 PM

388 Northern Virginia Community College  Anatomy & Physiology Laboratory Manual—ELI NAS 162 389



Cardiovascular System  x  UNIT 11  y  273

11

Mitral valve

Papillary muscle

Interventricular septum

Left atrium
Aortic valve

Aortic arch

Pulmonary valve

Chordae tendinae

Right atrium

Myocardium

Tricuspid valve

Right ventricle

Interatrial septum

Endocardium

Visceral pericardium

Left ventricle

Inferior vena cava

Right pulmonary veins

Branches of  right 
pulmonary artery

Opening of superior 
vena cava

Superior vena cava

Left pulmonary
artery

Pulmonary trunk

Aortic arch

Left pulmonary 
artery

Left pulmonary 
veins

Left atrium

Great cardiac 
vein

Left 
ventricle

Apex

Superior vena cava

Right pulmonary artery

Right pulmonary veins

Right atrium

Inferior vena cava

Right coronary artery

Coronary sinus

Posterior
interventricular 
artery

Middle cardiac vein
Right ventricle

Small cardiac vein

Figure 11.5 Heart: (A) anterior view; (B) posterior view; (C) frontal section

B

C

Aortic arch

Ligamentum
arteriosum

Branches of left
pulmonary artery

Left pulmonary veins

Pulmonary trunk

Anterior
interventricular
artery

Left atrium

Left ventricle

Apex of heart

Superior vena cava

Branches of right
pulmonary artery

Right pulmonary
veins

Right atrium

Inferior vena cava Thoracic aorta

Right coronary
artery

Right ventricle

Ascending aorta

Circumflex artery

Auricle of right
atrium

A
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right ventricle, and the two-cusped mitral (MY-trul), or bicuspid, valve is between the left atrium and left ventricle. Each cusp 
of the atrioventricular valves is attached to muscles within the ventricular wall called papillary muscles by collagenous 
“strings” called chordae tendineae (KORD-ee TEN-din-ee). When the ventricles  contract, the papillary muscles pull the 
 chordae tendineae taut, which puts tension on the cusps and prevents them from bulging up into the atria, a condition 
called prolapse.

The valves between the ventricles and their arteries are called semilunar valves. The pulmonary valve lies between the 
right ventricle and the pulmonary trunk, and the aortic valve lies between the left ventricle and the aorta. Note that there 
are no chordae tendineae or papillary muscles attached to the semilunar valves. 

The final structures you will examine in this lab period are the vessels of the coronary circulation. The coronary 
arteries branch off the base of the aorta and bring oxygenated blood to the cells of the myocardium, and they are drained 
by a set of cardiac veins. The first coronary artery, the right coronary artery, travels in the right coronary sulcus, which 
serves part of the right atrium and right ventricle and the posterior heart. The other coronary artery is the left coronary 
artery, which branches shortly after it forms into the anterior interventricular artery (also known as the left anterior 
descending artery), which travels along the interventricular septum to supply the anterior heart, and the circumflex artery, 
which travels in the left coronary sulcus to supply the left atrium and posterior left ventricle. When a coronary artery is 
blocked, the reduced blood flow to the myocardium can result in hypoxic injury and death to the tissue, a condition 
termed myocardial infarction (commonly called a heart attack).

The anatomy of the cardiac veins often varies from person to person, but the following three main veins generally  
are present:

1. small cardiac vein, which drains the inferolateral heart, 

2. middle cardiac vein, which drains the posterior heart, and 

3. great cardiac vein, which drains most of the left side of the heart. 

All three veins drain into the large coronary sinus, located on the posterior right atrium. The coronary sinus drains into 
the right atrium.

Procedure 1 Model Inventory for the Heart
Identify the following structures of the heart on models and diagrams, using your textbook and this unit  
for reference. As you examine the anatomical models and diagrams, record on the model inventory in  
Table 11.1 the name of the model and the structures you were able to identify. 

1. General structures
a. Mediastinum
 (1) Pericardial cavity
b. Pericardium
 (1) Fibrous pericardium
 (2) Parietal pericardium
 (3) Visceral pericardium (epicardium)
c. Myocardium
d. Endocardium
e. Apex of the heart
f. Base of the heart 

2. Right atrium
a. Opening of the superior vena cava
b. Opening of the inferior vena cava
c. Opening of the coronary sinus 
d. Right auricle
e. Interatrial septum

3. Left atrium 
a. Opening of the pulmonary veins 
b. Left auricle
c. Interatrial septum

4. Structures of the ventricles
a. Right ventricle
b. Left ventricle
c. Interventricular septum
d. Chordae tendineae 
e. Papillary muscles 

5. Atrioventricular valves
a. Tricuspid valve
b. Mitral valve

6. Semilunar valves
a. Pulmonary valve
b. Aortic valve
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7. Great vessels
a. Superior vena cava
b. Inferior vena cava
c. Pulmonary trunk
d. Right and left pulmonary arteries
e. Pulmonary veins
f. Aorta

8. Coronary arteries
a. Right coronary artery

b. Left coronary artery
c. Anterior interventricular artery
d. Circumflex artery 

9. Cardiac veins
a. Small cardiac vein
b. Middle cardiac vein
c. Great cardiac vein
d. Coronary sinus

TAblE 11.1 Model Inventory for the Heart

Model Structures Identified
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1 Obtain three glass test tubes and label them 1, 2, and 3. 

2 Obtain a bottle of 0.1M hydrochloric acid (HCl), and record its pH in the blank below. 

  

3 In each tube, place 2 ml of the 0.1M HCl.

4 Add one-fourth of one crushed Tums

5 Add one-fourth of one crushed Rolaids

6 Add one-fourth of one crushed Alka-Seltzer

7 Allow the tubes to sit undisturbed for 3 minutes.

8 Measure the pH of the contents of each tube and record the values in Table 2.3.

Obtain three glass test tubes and label them 1, 2, and 3. 

Obtain a bottle of 0.1M hydrochloric acid (HCl), and record its pH in the blank below. 

Allow the tubes to sit undisturbed for 3 minutes.

Procedure 2 Heart Dissection
You will now examine a preserved heart or a fresh heart, likely from a 
sheep or a cow. Follow the procedure below to fi nd the structures indicated. 

1 Orient yourself by fi rst determining the superior aspect and the inferior aspect of 
the heart. The superior aspect of the heart is the broad end, and the inferior aspect 
(apex) is the pointy tip. Now orient yourself to the anterior and posterior sides. 
The easiest way to do this is to locate the pulmonary trunk—the vessel directly in the middle of the anterior side. 
Find the side from which the pulmonary trunk originates, and you will be on the anterior side, which you can see 
in Figure 11.6. Structures to locate at this time are the

q parietal pericardium (may not be attached),

q visceral pericardium (shiny layer over the 
surface of the heart),

q aorta,

q pulmonary trunk,

q superior vena cava,

q inferior vena cava,

q pulmonary veins,

q ventricles, and

q atria.

Finding the coronary vessels tends to be diffi cult 
because the superfi cial surface of the heart is covered 
with adipose tissue. To see the coronary vessels, care-
fully dissect the adipose tissue.

2 Locate the superior vena cava. Insert scissors or a 
scalpel into the superior vena cava, and cut down 
into the right atrium. Before moving on to step 3, 
note the structure of the tricuspid valve, and draw 
it below. How many fl aps do you see? What is the 
function of this valve?

  __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

Safety glasses and 
  gloves are required!

Safety Note

Right auricle
of right atrium

Right 
ventricle

Pulmonary trunk

Left ventricle

Anterior
interventricular
artery

 Figure 11.6 Anterior view of a sheep heart
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3 After the right atrium is exposed, continue the cut 
down into the right ventricle, shown in  Figure 11.7. 
Structures to locate at this time include the

q tricuspid valve,

q chordae tendineae,

q papillary muscles,

q myocardium, and

q endocardium (shiny layer on the inside of the 
heart).

4 Insert the scissors into the pulmonary trunk. Note 
the structure of the pulmonary valve, and draw it 
below. How does it differ structurally from the tri-
cuspid valve? What is the function of this valve?

  _________________________________________________

  _________________________________________________

  _________________________________________________

  _________________________________________________

  __________________________________________________________________________________________________________________

5 Insert the scissors into a pulmonary vein. Cut down into the left atrium. Note the structure of the mitral valve,  
and draw it below. What is the function of this valve? How does its structure differ from that of the pulmonary  
and tricuspid valves?

  ___________________________________________________________________________________________________________________

  ___________________________________________________________________________________________________________________

  ___________________________________________________________________________________________________________________

  ___________________________________________________________________________________________________________________

Figure 11.7 Right ventricle of a sheep heart

Outflow 
tract to the
pulmonary 
trunk
Chordae 
tendineae

Papillary 
muscle

Pectinate 
muscle 
of the right 
atrium

Opening of
coronary sinus

Opening of
inferior vena cava Right atrium

Cusps 
of the
tricuspid 
valve

Wall of 
the right 
ventricle
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6 Continue the cut into the left ventricle. 
Note the thickness of the left ventricle,  
as shown in Figure 11.8. How does it 
compare with the thickness of the right 
ventricle? Why is there a difference?

  ________________________________________

  ________________________________________

  ________________________________________

  ________________________________________

  ________________________________________

  ________________________________________

  ________________________________________

  ________________________________________

  ________________________________________

  ________________________________________

  ________________________________________

  ________________________________________

  ________________________________________

7 Insert the scissors into the aorta. Extend the cut until you can see the aortic valve. Draw the aortic valve below.  
Is it structurally more similar to the pulmonary valve or the mitral valve? What is the function of this valve?

  ___________________________________________________________________________________________________________________

  ___________________________________________________________________________________________________________________

8 Your instructor may wish you to identify other structures on the heart. List any additional structures below.

  ___________________________________________________________________________________________________________________

  ___________________________________________________________________________________________________________________

  ___________________________________________________________________________________________________________________

Left auricle

Cusp of the 
mitral valve

Chordae
tendineae

Left
ventricle
wall

Papillary
muscle

Aortic
valve

Opening to
coronary artery

Pulmonary
trunk Aorta

Cusp of the mitral valve
(cut to show aortic valve)

Figure 11.8 left ventricle of a sheep heart
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Use water-soluble markers and a laminated outline of the heart to trace the pathway of blood as it fl ows through 
the heart and pulmonary circulation. Use a blue marker to indicate areas that contain deoxygenated blood and a red 
marker to indicate areas that contain oxygenated blood. If no laminated outline is available, use colored pencils and 
Figure 11.9. 

Procedure 3 Tracing blood through the Heart

Figure 11.9 Heart, lungs, and pulmonary circulation
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The systemic arterial circuit begins with the largest artery in the 
body, the aorta. The aorta originates from the left ventricle as the 
ascending aorta, which ascends until it curves around to form the 
aortic arch. The aortic arch has three major branches:

1. Brachiocephalic artery. The first branch is the brachiocephalic 
(bray-kee-oh-sef-Al-ik) artery, which travels superiorly and to 
the right. Near the clavicle it splits into two branches—the 
right subclavian (sub-KlAY-vee-un) artery and the right common 
carotid (kuh-RAH-tid) artery (Figure 11.10). The right sub-
clavian artery travels to the upper limb and becomes the 
axillary artery near the axilla. In the arm, the axillary artery 
becomes the brachial artery, which branches into the radial 
artery and the ulnar artery. The right common carotid artery 
travels to the neck, where it splits into the internal carotid 
artery, which supplies the brain, and the external carotid 
artery, which supplies the face and the scalp.

2. Left common carotid artery. The second branch is the left 
common carotid artery. Like the right common carotid artery, the left common carotid artery splits into internal 
and external carotid arteries in the neck.

3. Left subclavian artery. The final branch off of the aortic arch is the left subclavian artery, which supplies the left 
upper limb. The branches and names of the left subclavian artery are the same as those of the right subclavian 
artery.

Vertebral artery Common carotid arteries

Right subclavian artery

Descending aorta

Brachiocephalic trunk

Left subclavian artery

Brachial artery

Radial artery

Ulnar artery

Axillary artery

Exercise 11-2
Major Arteries of the body

MATERIAlS

 ❑ Blood vessel models: 

 ❑ Human torsos

 ❑ Brain

 ❑ Head and neck

 ❑ Abdomen

 ❑ Upper limb

 ❑ Lower limb

FIguRE 11.10 Arteries of the right arm and thorax
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The arterial supply of the brain comes primarily from the internal carotid arteries and the vertebral arteries. At  
the base of the brainstem, the two vertebral arteries fuse to form the basilar (bAY-sih-lur) artery (Figure 11.11). After the 
internal carotid arteries and basilar artery enter the brain, they contribute to a structure called the cerebral arterial circle 
(also called the circle of Willis). This circle is composed of branches of these vessels and a set of anterior and posterior 
communicating arteries. These vessels are connected to provide alternate routes of circulation to the brain if one of the 
arteries supplying the brain becomes blocked. From the cerebral arterial circle stem the anterior, middle, and posterior 
cerebral arteries, which supply the lobes of the cerebrum. 

As the aortic arch turns inferiorly, it becomes the thoracic aorta. The thoracic aorta descends through the thoracic 
cavity posterior to the heart, after which it passes through the diaphragm to become the abdominal aorta. The major 
branches of the abdominal aorta, shown in Figure 11.12, include the following:

1. Celiac trunk. The short, stubby celiac (SEE-lee-ak) trunk is the first branch off of the abdominal aorta. It splits 
almost immediately into the common hepatic artery, the splenic artery, and the left gastric artery.

Anterior communicating artery

Posterior communicating artery

Anterior cerebral artery

Middle cerebral artery

Pituitary gland

Internal carotid artery (cut)

Posterior cerebral artery

Basilar artery

Vertebral artery

Cerebral arterial circle

FIguRE 11.11 Arteries of the brain, inferior view

Thoracic aorta

Left gastric artery

Stomach

Splenic artery

Spleen

Inferior mesenteric artery

Pancreas

Left common iliac artery

Sigmoid colon

Small intestine

Superior mesenteric artery

Liver

Common hepatic artery

Celiac trunk

Abdominal aorta

Ascending colon

Right external iliac artery

Right internal iliac artery

FIguRE 11.12 Arteries of the abdomen
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2. Renal arteries. Inferior to the celiac trunk we find the two renal (REE-nul) arteries, which serve the kidneys. Note 
that the renal arteries are not illustrated in Figure 11.12, but they are visible in Figure 11.13.

3. Superior mesenteric artery. Right around the renal arteries is another branch called the superior mesenteric artery, 
which supplies the small and much of the large intestine.

4. Inferior mesenteric artery. The last large branch off of the abdominal aorta is the inferior mesenteric artery, which 
supplies the remainder of the large intestine.

The abdominal aorta terminates 
by splitting into the two common 
iliac (il-EE-ak) arteries, which them-
selves split into an internal iliac 
artery and an external iliac artery 
(Figure 11.13). The internal iliac 
artery supplies structures of the 
 pelvis, and the external iliac artery 
passes deep to the inguinal ligament 
to enter the thigh, where it becomes 
the femoral artery. The femoral 
artery continues to the area around 
the popliteal fossa (the posterior 
knee), where it becomes the popliteal 
artery. Shortly thereafter, the popli-
teal artery divides into its two main 
branches: the anterior tibial artery, 
which continues in the foot as the 
dorsalis pedis (dohr-SAl-iz PEE-diz) 
artery, and the posterior tibial artery.

Right common carotid artery

Left common carotid artery

Left subclavian artery

Axillary artery

Pulmonary trunk

Diaphragm

Renal artery

Superior 
mesenteric artery

Inferior 
mesenteric artery

Common iliac 
artery
Internal iliac 
artery

Femoral artery

Dorsalis pedis artery

Posterior tibial artery

Popliteal artery

External iliac artery

Ulnar artery

Radial artery

Celiac trunk

Aortic arch

Ascending aorta

Brachiocephalic trunk
(artery)

Right subclavian artery

Vertebral artery

Anterior tibial artery

Brachial artery

Axillary artery

Abdominal aorta

Right internal
carotid artery

Right external carotid artery

Temporal artery

FIguRE 11.13 Major arteries of the body
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Procedure 1 Model Inventory for Arteries
Identify the following arteries on models and diagrams, using your textbook and this unit for reference.  
As you examine the anatomical models and diagrams, record on the model inventory in Table 11.2  
the name of the model and the structures you were able to identify. 

Arteries of the Trunk
1. Aorta

a. Ascending aorta
b. Aortic arch
c. Thoracic (descending) aorta
d. Abdominal aorta

2. Brachiocephalic artery
3. Celiac trunk

a. Splenic artery
b. Left gastric artery
c. Common hepatic artery

4. Superior mesenteric artery
5. Renal artery
6. Inferior mesenteric artery
7. Common iliac artery

a. Internal iliac artery

Arteries of the Head and Neck
1. Common carotid artery

a. External carotid artery
b. Internal carotid artery

2. Vertebral artery
3. Basilar artery
4. Cerebral arterial circle
5. Anterior cerebral artery
6. Middle cerebral artery
7. Posterior cerebral artery

Arteries of the upper limbs
1. Subclavian artery
2. Axillary artery
3. Brachial artery
4. Radial artery
5. Ulnar artery

Arteries of the lower limbs
1. External iliac artery
2. Femoral artery
3. Popliteal artery

a. Anterior tibial artery
 (1) Dorsalis pedis artery
b. Posterior tibial artery

TAblE 11.2 Model Inventory for Arteries

Model/Diagram Structures Identified
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Arteries of the systemic circuit deliver oxygen and nutrient-rich blood 
to capillary beds, where gases, nutrients, and wastes are exchanged. 
The oxygen-poor, carbon dioxide–rich blood is then drained from 
the capillary beds by a series of veins. The two largest veins in the 
body are the superior vena cava, which drains the structures superior 
to the diaphragm, and the inferior vena cava, which drains the struc-
tures inferior to the diaphragm.

The head and the neck are drained primarily by the internal 
and external jugular veins (Figure 11.14). The much smaller external 
jugular vein drains the face and the scalp, and the larger internal 
 jugular vein, which travels in a sheath with the common carotid 
artery, drains the brain. Note, however, that venous blood from the 
brain does not simply drain into one vein and exit the head. Instead, 
it drains into spaces between the two layers of the dura mater called 
the dural sinuses (Figure 11.15), which in turn drain into the internal 
jugular vein.

Veins draining blood from the organs of the abdomen are 
named largely in parallel with the arteries that serve the organs: The 
renal veins drain the kidneys (Figure 11.16), the splenic vein drains 

the spleen, the gastric veins drain the stomach, the superior mesenteric vein drains the small intestine and much of the 
large intestine, and the inferior mesenteric vein drains the remainder of the large intestine. Although the renal vein empties 
into the inferior vena cava, the blood from the latter four veins does not drain into the inferior vena cava directly. Instead, 
note in Figure 11.17 that each vein drains into a common vein called the hepatic portal vein. Here, the nutrient-rich blood 
filters through the liver, where it is processed and detoxified. In this way, everything we ingest (except lipids, which we 
discuss in Unit 14) must travel through the liver before entering the systemic circulation. After the blood has filtered 
through the hepatic portal system, it exits via hepatic veins and drains into the inferior vena cava.

Exercise 11-3
Major Veins of the body

MATERIAlS

 ❑ Blood vessel models: 

 ❑ Human torsos

 ❑ Brain

 ❑ Head and neck

 ❑ Abdomen

 ❑ Upper limb

 ❑ Lower limb

 ❑ Dural sinuses

FIguRE 11.14 Veins of left superficial aspect 
of head and neck

FIguRE 11.15 Dural sinuses of brain

External
jugular vein

Vertebral vein

Internal
jugular vein

Brachiocephalic
vein

Subclavian vein

Superior vena cava

Superior
sagittal sinus

Inferior
sagittal sinus

Straight sinus

Cavernous
sinus

Transverse
sinuses

Sigmoid sinus

Left internal
jugular vein
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Hepatic veins

Common iliac vein

Internal iliac vein

Renal veins

Inferior vena cava

External iliac vein

FIguRE 11.16 Veins draining the abdominal area (excluding the hepatic portal system)

FIguRE 11.17 Veins of the abdomen and the hepatic portal system

Esophagus

Left gastric vein

Stomach

Right gastric vein

Spleen

Pancreatic veins

Inferior mesenteric vein

Pancreas
Splenic vein

Descending colon

Small intestine

Superior mesenteric vein

Hepatic portal vein

Hepatic veins

Inferior vena cava

Ascending colon

Liver
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Blood from the deep structures of the upper limb is drained by the radial and ulnar veins, both of which parallel  
the bones for which they are named (Figure 11.18). These two veins merge in the arm to form the brachial vein, which 
becomes the axillary vein in the axilla. Near the clavicle, the axillary vein becomes the subclavian vein, which drains into 
the brachiocephalic vein and finally into the superior vena cava. The superficial structures of the upper limb are drained 
by the cephalic vein on the lateral side and the basilic vein on the medial side. Note in Figure 11.18 that the cephalic vein 
and the basilic vein are united in the antecubital fossa by the median cubital vein. This is a frequent site for withdrawing 
blood with a syringe. 

The deep structures of the lower limb are drained by the femoral vein, which becomes the external iliac vein after it 
passes into the pelvis (Figure 11.19). The external iliac vein merges with the internal iliac vein, which drains pelvic struc-
tures, forming the common iliac vein. The two common iliac veins unite to form the inferior vena cava near the superior 
part of the pelvis. The largest superficial vein of the lower limb is the great saphenous (SAF-in-us) vein, which drains the 
medial leg and thigh and empties into the femoral vein.

Brachiocephalic veins Internal jugular vein

Left subclavian vein

Inferior vena cava

Superior vena cava

External jugular veinRight subclavian vein

Axillary vein

Brachial vein

Cephalic vein

Median cubital vein

Cephalic vein

Basilic vein

Radial vein

Ulnar vein

Basilic vein

FIguRE 11.18 Veins of thorax and right arm
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Internal jugular vein

Brachiocephalic veins

Inferior vena cava

Superior vena cava

Renal vein

Left and right common iliac veins

Internal iliac vein

External iliac vein

Femoral vein

Anterior tibial vein

Posterior tibial vein

Ulnar vein

Great saphenous vein

Popliteal vein

Radial vein

Median cubital vein

Brachial vein 

Axillary vein

Cephalic vein

Subclavian vein

External jugular vein

Vertebral vein

Basilic vein

Dural sinuses

FIguRE 11.19 Major veins of the body
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Procedure 1 Model Inventory for Veins
Identify the following veins on models and diagrams, using your textbook and this unit for reference.  
As you examine the anatomical models and diagrams, record on the model inventory in Table 11.3  
the name of the model and the structures you were able to identify. 

Veins of the Trunk
 1. Superior vena cava
 2. Inferior vena cava
 3. Brachiocephalic vein
 4. Hepatic veins
 5. Hepatic portal vein
 6. Splenic vein
 7. Superior mesenteric vein
 8. Inferior mesenteric vein
 9. Gastric vein
10. Renal vein
11. Internal iliac vein
12. Common iliac vein

Veins of the Head and Neck
 1. Dural sinuses
 2. Internal jugular vein
 3. External jugular vein
 4. Vertebral vein

Veins of the upper limbs
 1. Ulnar vein
 2. Radial vein
 3. Median cubital vein
 4. Brachial vein
 5. Basilic vein
 6. Cephalic vein
 7. Axillary vein
 8. Subclavian vein

Veins of the lower limbs
 1. Great saphenous vein
 2. Femoral vein
 3. External iliac vein
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Procedure 1 Model Inventory for Veins
Identify the following veins on models and diagrams, using your textbook and this unit for reference.  
As you examine the anatomical models and diagrams, record on the model inventory in Table 11.3  
the name of the model and the structures you were able to identify. 

Veins of the Trunk
 1. Superior vena cava
 2. Inferior vena cava
 3. Brachiocephalic vein
 4. Hepatic veins
 5. Hepatic portal vein
 6. Splenic vein
 7. Superior mesenteric vein
 8. Inferior mesenteric vein
 9. Gastric vein
10. Renal vein
11. Internal iliac vein
12. Common iliac vein

Veins of the Head and Neck
 1. Dural sinuses
 2. Internal jugular vein
 3. External jugular vein
 4. Vertebral vein

Veins of the upper limbs
 1. Ulnar vein
 2. Radial vein
 3. Median cubital vein
 4. Brachial vein
 5. Basilic vein
 6. Cephalic vein
 7. Axillary vein
 8. Subclavian vein

Veins of the lower limbs
 1. Great saphenous vein
 2. Femoral vein
 3. External iliac vein
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TAblE 11.3 Model Inventory for Veins

Model Structures Identified
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In this exercise you will trace the blood flow through various places 
in the body. As you trace, keep the following hints in mind:

■■ Don’t forget about the hepatic portal system! Remember that 
most venous blood coming from the abdominal organs has 
to go through the hepatic portal vein and the hepatic portal 
system before it can enter the general circulation.

■■ If you start in a vein, you have to go through the entire 
venous system and through the heart before you can get back 
to the arterial system. 

■■ If you start in an artery, you have to go through the entire 
arterial system and then through a capillary bed before you 

 can go through the venous system. You can’t go backward through the arterial system—that’s cheating! 

■■ If you start in an artery and end in an artery, you likely will have to go through the arterial circuit, through a 
capillary bed, through the venous circuit, back to the heart and lungs, and then reenter the arterial circuit. Whew!

■■ Following is an example in which we have started in the right popliteal vein and ended in the left internal carotid 
artery:

Start: right popliteal vein � right femoral vein � right external iliac vein � right common iliac vein � inferior vena 

cava � right atrium � tricuspid valve � right ventricle � pulmonary valve � pulmonary artery � lungs � 

pulmonary veins �left atrium � mitral valve � left ventricle � aortic valve � ascending aorta � aortic arch � left 

common carotid artery � left internal carotid artery � End

Wasn’t that easy?

Exercise 11-4
Time to Trace!

MATERIAlS

 ❑ Laminated outline of the human body

 ❑ Water-soluble marking pen
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Trace the path of blood flow through the 
following circuits, using the example on 
page 290 for reference. It is helpful to draw 
the pathway on a laminated outline of the 
human body, and label each vessel as you 
trace. If a laminated outline is not available, 
use Figures 11.20–11.22 instead.

1 Start: Right radial vein

 End: Right renal artery

Procedure 1 Tracing blood-Flow Patterns

FIguRE 11.20 Outline of the human body
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2 Start: Superior mesenteric vein

 End: Superior mesenteric artery 

FIguRE 11.21 Outline of the human body
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2 Start: Superior mesenteric vein

 End: Superior mesenteric artery 

FIguRE 11.21 Outline of the human body
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3 Start: Left coronary artery

 End: Dorsalis pedis artery 

FIguRE 11.22 Outline of the human body
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Examination of the heart and blood vessels is an important part of 
every physical examination. The process of listening to heart sounds 
is known as auscultation (aw-skul-TAY-shun). The two main sounds 
you hear when you listen to the heart are produced by the closing of 
valves at certain points during the cardiac cycle. The fi rst heart sound 
is known as S1, and it is caused by closure of the mitral and tricuspid 
valves. The second heart sound, S2, is caused by closure of the aortic 
and pulmonary valves. 

Heart sounds are typically auscultated in four areas, each of 
which is named for the valve best heard at that specifi c location. 
The position of each area is described relative to the sternum and 
the spaces between the ribs, known as intercostal spaces. The fi rst 

intercostal space is located between the fi rst and second rib, roughly below the clavicle. From the clavicle you can count 
down to consecutive spaces to auscultate in the appropriate areas. The four areas are as follows (Figure 11.23):

1. Aortic area. This is the area where the sounds of the aortic valve are best heard. It is located in the second inter-
costal space at the right sternal border.

2. Pulmonic area. The pulmonic valve is best heard over the second intercostal space at the left sternal border.

3. Tricuspid area. The sounds produced by the tricuspid valve are best heard over the fourth intercostal space at 
the left sternal border.

4. Mitral area. The mitral area is located in the fi fth intercostal 
space at the left midclavicular line (draw an imaginary line 
down the middle of the clavicle, roughly in line with the 
nipple).

The following variables are checked during heart auscultation:

■■ Heart rate. The heart rate refers to the number of heartbeats 
per minute. 

■■ Heart rhythm. The heart’s rhythm refers to the pattern and 
regularity with which it beats. 

■■ Additional heart sounds. Sometimes sounds in addition to 
S1 and S2 are heard that could be a sign of pathology. These 
sounds are called S3, which occurs just after S2, and S4, 
which occurs just prior to S1. 

■■ Heart murmur. A heart murmur is a clicking or “swooshing” 
noise heard between the heart sounds. Murmurs are caused 
by a valve leaking, called regurgitation, or by a valve that has 
lost its pliability, called stenosis.

Heart sounds are auscultated with a stethoscope, which you 
will use in this unit. Most stethoscopes contain the  following parts 
(Figure 11.24):

■■ Earpieces are gently inserted into the external auditory canal 
and allow you to auscultate the heart sounds.

■■ The diaphragm is the broad, flat side of the end of the stetho-
scope. It is used to auscultate higher-pitched sounds and is the 
side used most often in auscultation of heart sounds.

■■ The bell is the concave, smaller side of the end of the stetho-
scope. It is used to auscultate lower-pitched sounds.

Note that sounds are not audible through both the bell and the 
diaphragm at the same time. Typically, the end can be fl ipped from 

Exercise 11-5
Heart and Vascular Examination

MATERIAlS

 ❑ Stethoscope

 ❑ Alcohol and cotton ball

Pulmonic area

Mitral area

Tricuspid area

Aortic area

FIguRE 11.23 Areas of auscultation

DiaphragmBellEarpieces

FIguRE 11.24 Stethoscope
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one side to the next. Before auscultating with either side, lightly tap the end to ensure that you can hear sound through 
it. Note also that the ends of some stethoscopes have only one side—the diaphragm. In this case, placing light pressure 
on the end as you are auscultating yields sounds associated with the diaphragm, whereas placing heavier pressure yields 
sounds associated with the bell.

1 Obtain three glass test tubes and label them 1, 2, and 3. 

2 Obtain a bottle of 0.1M hydrochloric acid (HCl), and record its pH in the blank below. 

  

3 In each tube, place 2 ml of the 0.1M HCl.

4 Add one-fourth of one crushed Tums

5 Add one-fourth of one crushed Rolaids

6 Add one-fourth of one crushed Alka-Seltzer

7 Allow the tubes to sit undisturbed for 3 minutes.

8 Measure the pH of the contents of each tube and record the values in Table 2.3.

Obtain three glass test tubes and label them 1, 2, and 3. 

Obtain a bottle of 0.1M hydrochloric acid (HCl), and record its pH in the blank below. 

Allow the tubes to sit undisturbed for 3 minutes.

Procedure 1 Heart Auscultation

1 Obtain a stethoscope, and clean the earpieces and diaphragm with alcohol and cotton balls.

2 Place the earpieces in your ears, and gently tap the diaphragm to ensure that it is on the proper side. If it is not, fl ip 
it to the other side.

3 Lightly place the diaphragm on your partner’s chest in the aortic area. (Note: You may wish to have your lab partner 
place the stethoscope on his or her chest under the shirt, because the sounds are heard best on bare skin.)

4 Auscultate several cardiac cycles, and determine which sound is S1 and which sound is S2. Measure your partner’s 
heart rate, and determine if the rhythm is regular. In addition, check for heart murmurs and extra heart sounds.

5 Record your results in Table 11.4.

6 Move on to the next area, and repeat.

TAblE 11.4 Heart Auscultation Results

Area Rate Rhythm
Extra Heart Sounds? 

(yes/no)
Murmurs Present? 

(yes/no)

Aortic area

Pulmonic area

Tricuspid area

Mitral area
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1 Obtain three glass test tubes and label them 1, 2, and 3. 

2 Obtain a bottle of 0.1M hydrochloric acid (HCl), and record its pH in the blank below. 

  

3 In each tube, place 2 ml of the 0.1M HCl.

4 Add one-fourth of one crushed Tums

5 Add one-fourth of one crushed Rolaids

6 Add one-fourth of one crushed Alka-Seltzer

7 Allow the tubes to sit undisturbed for 3 minutes.

8 Measure the pH of the contents of each tube and record the values in Table 2.3.

Obtain three glass test tubes and label them 1, 2, and 3. 

Obtain a bottle of 0.1M hydrochloric acid (HCl), and record its pH in the blank below. 

Allow the tubes to sit undisturbed for 3 minutes.

Procedure 2 Pulse Palpation
Pulse palpation is the process of feeling the pulse with the fi ngertips. It is performed to assess rate, rhythm, 
and regularity of the heartbeat and to assess the arterial circulation to different parts of the body. The pulses 

commonly measured are those found at the radial, ulnar, brachial, carotid, temporal, femoral, popliteal, posterior tibial, 
and dorsalis pedis arteries, shown in Figure 11.25.

When pulses are palpated, they are graded according to a standard scale. This allows health-care professionals to 
communicate about a patient unambiguously and to assess the progress or deterioration of a patient’s condition. The scale 
utilizes the following four grades:

Grade 0/4: The pulse is absent.
Grade 1/4: The pulse is barely or only lightly palpable.
Grade 2/4: The pulse is normal.
Grade 3/4: The pulse is quite strong.
Grade 4/4: The pulse is bounding and visible through the skin.

Note that this scale has no negative numbers or decimal numbers (e.g., you would not use –1/4 or 2.5/4). In a healthy 
person most pulses are grade 2/4, although occasionally a pulse is weak or absent. This is simply normal anatomical 
 variation and does not signify pathology. Students often mistakenly grade any strong pulse (such as the carotid pulse) 
as 4/4. If a pulse were truly 4/4, however, this would be a sign of extremely high blood pressure in that artery.

The following procedure asks you to palpate certain pulses on your lab partner (we will not be palpating each pulse 
illustrated in Figure 11.25). Please note before you begin that you should never assess both of your lab partner’s carotid 
arteries at the same time. This might initiate the baroreceptor refl ex, in which the parasympathetic nervous system triggers 
a refl exive and often dramatic drop in blood pressure and heart rate. This 
could cause your lab partner to momentarily lose consciousness.

1 Wash your hands prior to palpating your lab partner’s pulses.

2 On a model or diagram, locate the artery you are palpating. 

3 Lightly place your index fi nger and middle fi nger over the artery. 
You may increase the pressure slightly, but be careful not to press 
too hard, because you could cut off blood fl ow through the artery 
and also could mistake the pulse in your fi ngertips for your partner’s 
pulse. If you are unsure if the pulse is yours or your partner’s, feel 
the lab table. If the lab table “has a pulse,” you are feeling the pulse 
in your own fi ngertips.

4 Palpate only one side (right or left) at a time, especially in the carotid 
artery.

5 Grade your partner’s pulses according to the 0/4 to 4/4 scale, and 
record the results in Table 11.5.

Temporal

Carotid

Brachial

Radial

Femoral

Popliteal

Dorsalis pedis

Posterior tibial

Ulnar

FIguRE 11.25 Common pulse points

TAblE 11.5 Pulse Points grades

Artery Right-Side Grade Left-Side Grade

Carotid

Temporal

brachial

Radial

ulnar

Dorsalis pedis

Posterior tibial
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1 Obtain three glass test tubes and label them 1, 2, and 3. 

2 Obtain a bottle of 0.1M hydrochloric acid (HCl), and record its pH in the blank below. 

  

3 In each tube, place 2 ml of the 0.1M HCl.

4 Add one-fourth of one crushed Tums

5 Add one-fourth of one crushed Rolaids

6 Add one-fourth of one crushed Alka-Seltzer

7 Allow the tubes to sit undisturbed for 3 minutes.

8 Measure the pH of the contents of each tube and record the values in Table 2.3.

Obtain three glass test tubes and label them 1, 2, and 3. 

Obtain a bottle of 0.1M hydrochloric acid (HCl), and record its pH in the blank below. 

Allow the tubes to sit undisturbed for 3 minutes.

Procedure 2 Pulse Palpation
Pulse palpation is the process of feeling the pulse with the fi ngertips. It is performed to assess rate, rhythm, 
and regularity of the heartbeat and to assess the arterial circulation to different parts of the body. The pulses 

commonly measured are those found at the radial, ulnar, brachial, carotid, temporal, femoral, popliteal, posterior tibial, 
and dorsalis pedis arteries, shown in Figure 11.25.

When pulses are palpated, they are graded according to a standard scale. This allows health-care professionals to 
communicate about a patient unambiguously and to assess the progress or deterioration of a patient’s condition. The scale 
utilizes the following four grades:

Grade 0/4: The pulse is absent.
Grade 1/4: The pulse is barely or only lightly palpable.
Grade 2/4: The pulse is normal.
Grade 3/4: The pulse is quite strong.
Grade 4/4: The pulse is bounding and visible through the skin.

Note that this scale has no negative numbers or decimal numbers (e.g., you would not use –1/4 or 2.5/4). In a healthy 
person most pulses are grade 2/4, although occasionally a pulse is weak or absent. This is simply normal anatomical 
 variation and does not signify pathology. Students often mistakenly grade any strong pulse (such as the carotid pulse) 
as 4/4. If a pulse were truly 4/4, however, this would be a sign of extremely high blood pressure in that artery.

The following procedure asks you to palpate certain pulses on your lab partner (we will not be palpating each pulse 
illustrated in Figure 11.25). Please note before you begin that you should never assess both of your lab partner’s carotid 
arteries at the same time. This might initiate the baroreceptor refl ex, in which the parasympathetic nervous system triggers 
a refl exive and often dramatic drop in blood pressure and heart rate. This 
could cause your lab partner to momentarily lose consciousness.

1 Wash your hands prior to palpating your lab partner’s pulses.

2 On a model or diagram, locate the artery you are palpating. 

3 Lightly place your index fi nger and middle fi nger over the artery. 
You may increase the pressure slightly, but be careful not to press 
too hard, because you could cut off blood fl ow through the artery 
and also could mistake the pulse in your fi ngertips for your partner’s 
pulse. If you are unsure if the pulse is yours or your partner’s, feel 
the lab table. If the lab table “has a pulse,” you are feeling the pulse 
in your own fi ngertips.

4 Palpate only one side (right or left) at a time, especially in the carotid 
artery.

5 Grade your partner’s pulses according to the 0/4 to 4/4 scale, and 
record the results in Table 11.5.

Temporal

Carotid

Brachial

Radial

Femoral

Popliteal

Dorsalis pedis

Posterior tibial

Ulnar

FIguRE 11.25 Common pulse points

TAblE 11.5 Pulse Points grades

Artery Right-Side Grade Left-Side Grade

Carotid

Temporal

brachial

Radial

ulnar

Dorsalis pedis

Posterior tibial
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Blood pressure is defi ned as the pressure exerted by the blood on the 
walls of the blood vessels. It is determined by the following three 
factors:

1. Cardiac output. Cardiac output is the amount of blood each 
ventricle pumps in one minute. It is a product of stroke volume, 
or the amount pumped with each beat, and heart rate.

2. Peripheral resistance. Resistance is defi ned as any impedance to 
blood fl ow encountered in the blood vessels. It is determined 
largely by the degree of vasoconstriction or vasodilation in 
the systemic circulation. Vasoconstriction increases peripheral 
resistance, and vasodilation has the opposite effect. 

3. Blood volume. The amount of blood found in the blood 
 vessels at any given time is known as the blood volume. It is 
greatly infl uenced by overall fl uid volume and is largely con-
trolled by the kidneys and hormones of the endocrine system. 

Note that cardiac output and peripheral resistance are factors that can be altered quickly to change blood pressure. 
Alterations to blood volume, however, occur relatively slowly and generally require two to three days to have a noticeable 
effect.

Arterial blood pressure is measured clinically and experimentally using instruments called a sphygmomanometer 
(sfi g-mah-man-AHM-et-ur) and a stethoscope. This procedure yields two pressure readings:

1. Systolic pressure. The pressure in the arteries during ventricular systole, the period of time during which the ventricles 
contract, is known as the systolic (sis-TAH-lik) pressure. This is the larger of the two readings, averaging between 100 
and 120 mmHg.

2. Diastolic pressure. The pressure in the arteries during ventricular diastole, the period of time during which the 
 ventricles relax, is the diastolic (dy-uh-STAH-lik) pressure. This is the smaller of the two readings, averaging between 
60 and 80 mmHg.

Arterial blood pressure is measured by placing the cuff of the sphygmomanometer around the upper arm. When the 
cuff is infl ated, it compresses the brachial artery and cuts off blood fl ow. When the pressure is released to the level of the 
systolic arterial pressure, blood fl ow through the brachial artery resumes but becomes rough. This results in sounds 
known as sounds of Korotkoff, which may be auscultated with a stethoscope.

1 Obtain three glass test tubes and label them 1, 2, and 3. 

2 Obtain a bottle of 0.1M hydrochloric acid (HCl), and record its pH in the blank below. 

  

3 In each tube, place 2 ml of the 0.1M HCl.

4 Add one-fourth of one crushed Tums

5 Add one-fourth of one crushed Rolaids

6 Add one-fourth of one crushed Alka-Seltzer

7 Allow the tubes to sit undisturbed for 3 minutes.

8 Measure the pH of the contents of each tube and record the values in Table 2.3.

Obtain three glass test tubes and label them 1, 2, and 3. 

Obtain a bottle of 0.1M hydrochloric acid (HCl), and record its pH in the blank below. 

Allow the tubes to sit undisturbed for 3 minutes.

Add one-fourth of one crushed Tums

Add one-fourth of one crushed Rolaids

Add one-fourth of one crushed Alka-Seltzer

Procedure 1 Measuring blood Pressure
Practice is necessary to develop the skills to accurately measure arterial blood pressure. Following are the 
steps you may use to practice using the sphygmomanometer and stethoscope together. All readings should 

be taken with your lab partner seated and relaxed. 

1 Obtain a stethoscope and sphygmomanometer of the appropriate size (about 80% of the circumference of the arm).

2 Clean the earpieces and diaphragm as in Exercise 11-5.

3 Wrap the cuff around your partner’s arm. It should not be noticeably tight, but it should stay in place when you are 
not holding it. It should be about 1½   inches proximal to the antecubital fossa (the anterior part of the elbow). 

4 Place the diaphragm of your stethoscope over the brachial artery. You should not hear anything at this point.

5 Support your partner’s arm by cradling it in your arm, or have your partner rest his or her arm on the lab table.

6 Locate the screw of the sphygmomanometer near the bulb, and close it by turning it clockwise. Infl ate the cuff by 
squeezing the bulb several times. Pay attention to the level of pressure you are applying by watching the pressure 
gauge. You should not infl ate it beyond about 30 mmHg above your partner’s normal systolic pressure (for most 
people, this is no higher than 180 mmHg). Your lab partner will not likely be happy with you if you infl ate it above 
about 200 mmHg, because this can be uncomfortable.

Exercise 11-6
blood Pressure

MATERIAlS

 ❑ Sphygmomanometer

 ❑ Stethoscope

 ❑ Alcohol and cotton ball

 ❑ Bucket of ice water
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7 Slowly open the screw by turning it counterclockwise. Watch the pressure gauge, and listen to the brachial artery 
with your stethoscope.

8 Eventually you will see the needle on the pressure gauge begin to bounce; at about the same time, you will begin to 
hear the pulse in the brachial artery. Record the pressure at which this � rst happens as the systolic pressure.

9 Continue to listen, and watch the gauge until you can no longer hear the pulse. At this point, the needle on the gauge 
will stop rhythmically bouncing. Record the pressure at which this happens as the diastolic pressure. The numbers 
should be recorded as a fraction (e.g., 110/70, where 110 is the systolic pressure and 70 is the diastolic pressure).

Practice Reading 1: _______________________

Practice Reading 2: _______________________

1 Obtain three glass test tubes and label them 1, 2, and 3. 

2 Obtain a bottle of 0.1M hydrochloric acid (HCl), and record its pH in the blank below. 

  

3 In each tube, place 2 ml of the 0.1M HCl.

4 Add one-fourth of one crushed Tums

5 Add one-fourth of one crushed Rolaids

6 Add one-fourth of one crushed Alka-Seltzer

7 Allow the tubes to sit undisturbed for 3 minutes.

8 Measure the pH of the contents of each tube and record the values in Table 2.3.

Obtain three glass test tubes and label them 1, 2, and 3. 

Obtain a bottle of 0.1M hydrochloric acid (HCl), and record its pH in the blank below. 

Allow the tubes to sit undisturbed for 3 minutes.

Procedure 2 Measuring the Effects of the Autonomic Nervous System 
on Blood Pressure and Heart Rate

The autonomic nervous system (ANS) exerts a great deal of control over 
blood pressure through its in� uence on cardiac output, peripheral resistance, 
and blood volume. This exercise limits us to measuring only its effects on 
 cardiac output and peripheral resistance (unless you want to stay in lab for 
the next two days and measure urine output—but I’m guessing you don’t want to do that). 

1 Have your lab partner remain seated and relaxed for three minutes. After three minutes, measure your partner’s 
blood pressure and heart rate.

2 Have your partner place one of his or her hands into a bucket of ice water.

3 Repeat the blood pressure and pulse measurements with your partner’s hand still in the ice water. (Note: Be kind to 
your partner and do this quickly!)

4 Have your partner remove his or her hand from the ice water.

5 Wait � ve minutes, then repeat the blood pressure and pulse measurements. Record your results in Table 11.6.

6 Interpret your results:

a Which situation(s) represented activation of the sympathetic nervous system? 

________________________________________________________________________________________________________________

b Which situation(s) represented activation of the parasympathetic nervous system?

________________________________________________________________________________________________________________

Students with health problems or 
 known cardiovascular disorders 
  should not engage in this activity.

Safety Note

TABLE 11.6 Blood Pressure and Pulse Readings: Ice-Water Experiment

Test Situation Blood Pressure Pulse Rate

At rest

After immersing in ice water

5 minutes after removing from ice water
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The electrocardiogram, or ECG, is a recording of the electrical activity 
of the heart. Electrical activity is recorded by placing electrodes on 
the surface of the skin that record the changes in electrical activity. 
The changes in electrical activity are visible on the ECG as waves. 
Note that if there is no net change in electrical activity, the line on 
the ECG is flat. However, even when the ECG is flat between waves, 
the cells of the heart are in some phase of an action potential. 

A standard ECG recording is shown in Figure 11.26. Notice 
that it consists of five waves, each of which represents the depolari-
zation or repolarization of different parts of the heart.

■■ P wave. The initial P wave shows the depolarization of the 
cells of the right and left atria. It is fairly small because of the 
small number of cells in the atria.

■■ QRS complex. The next set of waves is called collectively  
the QRS complex, which represents the depolarization of  
the right and left ventricles. The first wave is the Q wave, a 
downward deflection, the next is the R wave, a large upward 
deflection, and the last is the S wave, the final downward 
deflection. The large size of the QRS complex compared with 
the P wave results from the large number of ventricular cells. 

■■ T wave. The small T wave is usually the final wave, and it 
shows the repolarization of the right and left ventricles. 

The waves aren’t the only important landmarks of the ECG. In 
addition, we consider the periods between the waves, which show 
the spread of electrical activity through the heart and phases of the 
myocardial cells’ action potentials. One important period is the R-R 
interval, or the period of time between two R waves. This interval 
represents the duration of the generation and spread of an action 
potential through the heart. It can also be used to determine the 
heart rate, which we will discuss shortly. Another period we examine  
is the P-R interval, defined as the period from the beginning of the  
P wave to the beginning of the R wave. During the P-R interval, the 
depolarization from the SA node spreads through the atria to the ventricles via the AV node. 

The S-T segment is between the end of the S wave and the beginning of the T wave. This period is recorded during 
the ventricles’ plateau phase. Recall that there is no net change in electrical activity during this phase, and for this reason, 
the S-T segment is generally flat. The final period we discuss is the Q-T interval, the time from the beginning of the Q wave 
to the end of the T wave. During the Q-T interval, the ventricular cells are depolarizing and repolarizing. 

The normal pattern seen on an ECG is known as a normal sinus rhythm, which means that the SA node is pacing  
the heart at a rate between 60 and 100 beats per minute. Any deviation from the normal sinus rhythm is known as a 
 dysrhythmia (dis-RITH-mee-uh). 

An electrocardiograph records the tracing at a standard speed of 25 mm/second. This allows us to determine pre-
cisely the heart rate and the duration of the intervals we 
discussed. As you can see in Figure 11.26, each small box 
on the ECG tracing measures 0.04s, and each large box 
measures 0.20s. Five large boxes together measure one 
 second. Determining the duration of most intervals is 
 simple—just count the small or large boxes, and add the 
seconds together. Calculating the heart rate is equally 
 simple: count the number of large boxes, and divide 300  
by this number. For example, if you count 4.2 boxes: 
300/4.2 4 71 beats per minute. The normal values for  
the periods we discussed are given in Table 11.7.

Exercise 11-7
The Electrocardiogram

Every five boxes measure one second

Q-T interval

P-R interval S-T segment

P

R

T

S
Q

Each small box is 0.04s Each large box is 0.20s

FIguRE 11.26 Standard ECg recording

TAblE 11.7 Normal Values for ECg Periods

Period Normal Value

Heart rate 60–100 beats per minute

R-R interval 0.60–1.0s

P-R interval 0.12–0.20s

Q-T interval 0.42–0.44s

QRS complex duration less than or equal to 0.12s
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1 Obtain three glass test tubes and label them 1, 2, and 3. 

2 Obtain a bottle of 0.1M hydrochloric acid (HCl), and record its pH in the blank below. 

  

3 In each tube, place 2 ml of the 0.1M HCl.

4 Add one-fourth of one crushed Tums

5 Add one-fourth of one crushed Rolaids

6 Add one-fourth of one crushed Alka-Seltzer

7 Allow the tubes to sit undisturbed for 3 minutes.

8 Measure the pH of the contents of each tube and record the values in Table 2.3.

Obtain three glass test tubes and label them 1, 2, and 3. 

Obtain a bottle of 0.1M hydrochloric acid (HCl), and record its pH in the blank below. 

Allow the tubes to sit undisturbed for 3 minutes. Procedure 1 Interpreting an ECg
You will now perform some basic ECG interpretation. Following are two tracings for which you will calculate the heart 
rate and determine the duration of key periods of the ECG. 

1 Identify and label the P wave, QRS complex, T wave, P-R interval, R-R interval, and Q-T interval on Tracings 1 and 
2 in Figure 11.27.

Tracing 1

Tracing 2

2 Calculate the heart rate for each tracing. Are the values normal or abnormal?

Heart Rate Tracing 1: ___________________________

Heart Rate Tracing 2: ___________________________

3 Determine the R-R interval, QRS duration, P-R interval, and Q-T interval for each tracing, and record the values in 
Table 11.8.

FIguRE 11.27 ECg tracings

TAblE 11.8 Values for ECg Periods

Value Tracing 1 Tracing 2

R-R interval

QRS duration

P-R interval

Q-T interval
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1 Label the following parts of the heart on Figure 11.28.

 ❑ Anterior interventricular artery
 ❑ Aorta
 ❑ Circumflex artery
 ❑ Inferior vena cava
 ❑ Pulmonary trunk
 ❑ Pulmonary veins
 ❑ Right coronary artery
 ❑ Superior vena cava

2 Label the following parts of the heart on Figure 11.29.

 ❑ Aortic valve
 ❑ left atrium
 ❑ left ventricle
 ❑ Mitral valve
 ❑ Pulmonary valve
 ❑ Right atrium
 ❑ Right ventricle
 ❑ Tricuspid valve

Name  

Section  Date  

UNIT

11
QUIZ

Figure 11.28 Heart, anterior view

Figure 11.29 Heart, frontal section
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3 The pulmonary and aortic valves are known as the

a. atrioventricular (AV) valves.

b. semilunar valves.

c. coronary valves.

d. chordae tendineae.

4 The right and left coronary arteries are the first branches off the

a. aorta.

b. superior vena cava.

c. pulmonary trunk.

d. pulmonary veins.

5 High pressure in the systemic and pulmonary circuits often results in ventricular hypertrophy, in which the ventricle 
enlarges to pump against greater force. Which side(s) of the heart would be affected by high pressure in the pulmonary 
circuit? Which side(s) of the heart would be affected by high pressure in the systemic circuit? Explain.

 ____________________________________________________________________________________________________________________

 ____________________________________________________________________________________________________________________

 ____________________________________________________________________________________________________________________

 ____________________________________________________________________________________________________________________

 ____________________________________________________________________________________________________________________

 ____________________________________________________________________________________________________________________

6 The cerebral arterial circle (circle of Willis):

a. provides alternate routes of blood flow in the brain.

b. supplies the face and the scalp.

c. provides alternate routes of blood flow in the liver.

d. supplies the myocardium.

7 The venous blood of the brain drains into a set of _______________________ before draining into a vein.

a. coronary arteries

b. cerebral veins

c. dural sinuses

d. paranasal sinuses
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8 Label the following arteries in Figures 11.30 and 11.31.

Figure 11.30
 ❑ brachial artery
 ❑ Femoral artery
 ❑ left common carotid artery
 ❑ Posterior tibial artery
 ❑ Radial artery
 ❑ Renal artery
 ❑ Right subclavian artery
 ❑ ulnar artery
 ❑ Vertebral artery

FIguRE 11.30 Major arteries of the body

Figure 11.31
 ❑ Celiac trunk
 ❑ Common hepatic artery
 ❑ Inferior mesenteric artery
 ❑ Splenic artery
 ❑ Superior mesenteric artery

FIguRE 11.31 Arteries of the abdomen

UNIT 11 QUIZ
(continued)

Name  

Section   Date  
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9 Label the following veins on Figures 11.32 and 11.33.

Figure 11.32
 ❑ brachiocephalic vein
 ❑ Cephalic vein
 ❑ great saphenous vein
 ❑ Internal jugular vein
 ❑ Renal vein
 ❑ Subclavian vein
 ❑ Vertebral vein

Figure 11.33
 ❑ Hepatic portal vein
 ❑ Inferior mesenteric vein
 ❑ Splenic vein
 ❑ Superior mesenteric vein

FIguRE 11.33 Veins of the abdomen and the hepatic portal system

FIguRE 11.32 Major veins of the body

263-306 Unit 11 Cardiovascular.indd   304 11/15/13   12:06 PM

11

Cardiovascular System  x  UNIT 11  y  305

11

10 In the surgical procedure called a bypass graft, a vessel is removed from a patient and used to make a vascular 
bridge that bypasses one of that patient’s blocked arteries. A common vessel used for this procedure is the great 
saphenous vein. Why do you think a surgeon might use the great saphenous vein instead of the femoral vein or a 
large artery?

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

11 Which of the following is not a factor that determines blood pressure?

a. Cardiac output

b. Blood type

c. Peripheral resistance

d. Blood volume

12 Fill in the blanks: The _________________________ is the pressure in the arteries during ventricular systole and 

  averages about _________________________. The ________________________ is the pressure in the arteries during 

 ventricular diastole and averages about __________________________.

13 The QRS complex on an ECG represents:

a. depolarization of the atria.

b. repolarization of the atria.

c. depolarization of the ventricles.

d. repolarization of the ventricles.

14 Your patient has been admitted to the emergency room with an occupational injury from an industrial saw. He has 
lost a significant volume of blood. What effect has this blood loss likely had on his blood pressure, and why?

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

UNIT 11 QUIZ
(continued)

Name  

Section   Date  
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10 In the surgical procedure called a bypass graft, a vessel is removed from a patient and used to make a vascular 
bridge that bypasses one of that patient’s blocked arteries. A common vessel used for this procedure is the great 
saphenous vein. Why do you think a surgeon might use the great saphenous vein instead of the femoral vein or a 
large artery?

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

11 Which of the following is not a factor that determines blood pressure?

a. Cardiac output

b. Blood type

c. Peripheral resistance

d. Blood volume

12 Fill in the blanks: The _________________________ is the pressure in the arteries during ventricular systole and 

  averages about _________________________. The ________________________ is the pressure in the arteries during 

 ventricular diastole and averages about __________________________.

13 The QRS complex on an ECG represents:

a. depolarization of the atria.

b. repolarization of the atria.

c. depolarization of the ventricles.

d. repolarization of the ventricles.

14 Your patient has been admitted to the emergency room with an occupational injury from an industrial saw. He has 
lost a significant volume of blood. What effect has this blood loss likely had on his blood pressure, and why?

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

 __________________________________________________________________________________________________________________

UNIT 11 QUIZ
(continued)

Name  

Section   Date  
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UUrriinnaallyyssiiss
CChheemmiiccaall,, PPhhyyssiiccaall aanndd MMiiccrroossccooppiicc EExxaammiinnaattiioonn ooff UUrriinnee

©2016 by Dr. Raj Bawa. All rights reserved. Reprint permissions granted to the original and unaltered work only.   
Copyright information: bawa@bawabiotech.com           
   

11..  IInnttrroodduuccttiioonn  aanndd  OOvveerrvviieeww  

“A urinalysis is a simple, inexpensive test that can help to detect problems in many parts of your 
body including your kidneys and urinary tract, your heart and your liver. A urinalysis can help to 
detect many diseases before symptoms occur.  Early detection and treatment can often prevent 
serious diseases from getting worse.  More than 20 million Americans – one in nine adults – have 
chronic kidney disease, and most don’t even know it. More than 20 million others are at increased 
risk for chronic kidney disease. Yet, a urinalysis can detect protein in the urine – one of the earliest 
signs of kidney disease – years before symptoms appear and at a time when treatment can make all 
the difference.”   -National Kidney Foundation

Urinalysis is the chemical, physical and microscopic examination of urine via procedures performed in an 
expeditious, reliable, accurate and safe manner.  In ancient times, urine was poured on the ground and the 
attraction of insects to it indicated an abnormal urine sample.  For centuries, the utility of urinalysis as a 
diagnostic tool is well known in medicine.  Since the kidney is involved in maintenance of homeostasis in 
the body, any deviation from the normal urine composition can be of great diagnostic significance to the 
healthcare provider.   Furthermore, it can also imply pathology.   

Historically, urinalysis involved an evaluation of color, transparency (cloudiness or turbidity), odor and taste.  
In modern medicine, while all of these (except taste) are still evaluated, the evaluation is generally done via 
test strips.  Specifically, the strips are interpreted by watching the various sections (pads or reagent areas) on 
the strip for color changes and comparing to them to the color-coded key on the bottle label.  The specific 
gravity and pH of urine are additional parameters measured separately.  In addition, a microscopic 
examination of the solids or sediment in urine is critical in pathological diagnosis as it may or may not 
reflect injury, diseases, infections, etc.   

NOTE: Review urine composition and formation in the latest edition of your physiology text.  Answer 
all questions (in red) in this lab exercise.

Urine pH: 
Normal range: 4.6-8 (average, 6) 
Elevated in: Bacteriuria, vegetarian diet, renal failure with inability to form ammonia, drugs 
(antibiotics, sodium bicarbonate, acetazolamide) 
Decreased in: Acidosis (metabolic, respiratory), drugs (ammonium chloride, methenamine 
mandelate), diabetes mellitus, starvation, diarrhea 
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22..  CChheemmiiccaall  AAnnaallyyssiiss  ooff  UUrriinnee    

 Safety gloves and glasses are required for this exercise.  Use only your own urine and place all 
glassware in a disinfectant bleach bath after use.  Wash your hands before and after this exercise.

 Handling of reagent strips: Use only one reagent strip at a time.  Do not touch the reagent area and 
hold the test strip by the plastic end only.  Keep the bottle tightly closed after removing a strip.
Water from the air, light and contaminants from your hands can decompose the chemicals on the 
reagent areas.  Check the expiration date on the bottle.  In a clinical setting, never use any material or 
chemicals with a passed expiration date. 

 Obtain 50 ml from each of the three simulated urine samples provide by Dr. Bawa and transfer 
them into a beaker. Label each beaker accordingly.  Read the directions (if any) on the strip 
container.  Dip a urinalysis test strip into each beaker and record your results in table A below. 

 Collect your urine in a clean or sterile specimen container (paper cup) by the clean-catch method 
of collecting a urine sample.  This method is used to prevent bacteria from the penis or vagina 
from getting into a urine sample. After cleaning the genital area, urinate a small amount into the 
toilet bowl to clear the urethra of any contaminants.  Then collect the sample of urine.  Remove 
the specimen container from the urine stream without stopping the flow.   

 Using a new urine test strip, measure pH, presence or absence of glucose, albumin, blood and 
ketone bodies.  Dip a new urinalysis test strip into the specimen container (paper cup) and record 
the results in the table B below. 

Table A 

Test Normal 
values 

Abnormal 
values 

Sample 
1

Sample 
2

Sample 
3

Color Colorless Milky 

Straw Brownish 
yellow    

Amber Green 
Smoky Brown 

Transparency Clear (+) Slight 
(++) Moderate
(+++) Cloudy 
(++++) Very 
Cloudy    

pH (4.5-8.0; av 
6.0) <4.5, >8.0    

Protein None to 
trace see color chart    

Glucose none see color chart
Ketones none see color chart
Hemoglobin/Occult 
Blood none see color chart    
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Table B 

Color or Appearance of Urine Possible Cause

Colorless Highly dilute, recent fluid consumption 

Pale yellow Normal 

Yellow Normal 

Amber Normal, concentrated urine 

Deep yellow Concentrated sample, riboflavin, dehydration 

Orange Antibiotic, pyridium, bilirubin, anticoagulant 

Pink Porphyrin, myoglobin, hemoglobin, beet pigment, rhubarb 

Red Porphyrin, myoglobin, hemoglobin, beet pigment, uroerythrin 

Green Oxidized bilirubin (biliverdin), clorets, pseudomonas infections 

Blue Diagnex, methylene blue, indicant 

Brown Bilirubin, hematin, methemoglobin 

Gray Furazolidone, nitrofurantoin 

Black Melanin, homogenistic acid 

Q. What compound is responsible for giving urine its color? 
 Q. What is the color of urine that contains bilirubin? 

33..  SSppeecciiffiicc  GGrraavviittyy  MMeeaassuurreemmeenntt  ––  TThhee  UUrriinnoommeetteerr  MMeetthhoodd  

 The specific gravity of a urine sample (i.e., urine density) indicates the solute concentration in urine – 
it reveals how concentrated or dilute the urine is.  Normal values are 1.003 to 1.035 (normal value 
ranges may vary slightly among laboratories).  

Q. What is specific gravity?   
 A. It is defined as the ratio of the weight of something to the weight of an equal volume of pure water.  Obviously, urine is 

slightly heavier than an equal volume of water because it contains dissolved solutes.   

Procedure:  
 Pour urine into a urinometer cylinder (75% full) 
 Removed any foam at top with a blotting paper 

pH Protein  Glucose Ketone  Hb/Occult 
Blood 

Color  Transparency
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 Float the hydrometer on top of the urine without touching the sides of the urinometer cylinder 
 Position your eye to see the concave meniscus intersect the line on the hydrometer 
 Do a temperature correction (if needed)   
 Clean the urinometer cylinder and the hydrometer by rinsing them under running tap water and then 

drying it carefully using a tissue 

Q. What does a specific gravity value higher than the normal range indicate?  What does a specific gravity value lower 
than the normal range indicate?  Is there any risk in an individual of concentrated urine over an extended period? 

A. Increased urine specific gravity may be due to Addison's disease (rare); dehydration; diarrhea that causes 
dehydration; glucosuria; heart failure (due to decreased blood flow to kidneys); renal arterial stenosis; shock; syndrome 
of inappropriate antidiuretic hormone secretion (SIADH) 

 Decreased urine specific gravity may be due to Aldosteronism (very rare); Excessive fluid intake; Diabetes insipidus 
(central or nephrogenic); renal failure; renal tubular necrosis; severe kidney infection (pyelonephritis) 

44..  MMiiccrroossccooppiicc  EExxaammiinnaattiioonn  ––  TThhee  SSeeddii‐‐SSttaaiinn  MMeetthhoodd  

Normal urine is sterile.  Urine may contain one or many “formed elements” which must be reported 
quantitatively.   As part of a urinalysis, the urine sediment is centrifuged and examined 
microscopically for various crystals, casts, cells, threads, microbes (protozoa, bacteria, yeast, etc.).  
Examination of sediment provides a direct sampling of urinary tract morphology.  In a healthy 
individual, urine contains some cells (e.g., epithelial cells from the kidney, ureter, bladder, and 
urethra) and other formed elements from the entire urinary tract.  However, in renal disease, the urine 
often contains increased numbers of substances discharged from the kidney.   

The specimen used for microscopic examination should be as fresh as possible.  For example, red 
blood cells and many formed solids tend to disintegrate upon standing, particularly if the specimen is 
warm or alkaline.  Additionally, microbes may grow in urine stored at room temperature. 

Hematuria is defined as the abnormal presence of red blood cells (RBCs) in the urine.  The American 
Urological Association (AUA) defines microscopic hematuria as 3 RBCs/high-power field on 
microscopic examination of the centrifuged urine specimen in two of three freshly voided, clean 
catch, midstream urine samples It may be due to: glomerular disease; tumors; kidney trauma; 
transfusion reaction; menstrual blood; renal infarcts; acute tubular necrosis; recent strenuous 
exercise; upper and lower urinary tract infections; nephrotoxins; traumatic catheterization; passage of 
renal stones; etc.   

Casts are urinary sediments formed by coagulation of albuminous material in the kidney tubules.  
Their shape is generally cylindrical with varying diameter.  They always indicate some form of 
kidney disorder. 

The presence of numerous leucocytes and bacteria is characteristic of a urinary tract infection (UTI). 
However, since urine specimens for routine examination are not usually obtained via sterile 
techniques old specimens may contain many bacteria with few leukocytes.  The presence of many 
squamous cells may indicate an external genital source for the bacteria.  A positive nitrite test result 
may indicate a UTI but a safe diagnosis is only possible by a positive culture obtained with a 
midstream urine specimen.  Bacteria associated with UTIs are mostly bacilli (E. coli).   

5

Microscopic examination:  
Red blood cells: 0-5 (high-power field) 
White blood cells: 0-5 (high-power field) 
Bacteria (spun specimen): absent 
Casts: 0-4 hyaline (low-power field) 

Procedure:  
 Shake your urine sample to resuspend any sediment and pour approximately 5-10 ml into a 

centrifuge tube.  Conical bottom test tubes are preferred as they allow for better pellet formation.  
Be sure the centrifuge is balanced with an even number of loaded tubes. 

 Centrifuge at 1,500 rpm for 5-7 minutes (speed varies depending on the centrifuge’s 
characteristics).  You should have white sediment at the bottom of the tube.  Carefully decant or 
aspirate off the supernatant urine carefully.  Resuspend the white sediment in the residual urine 
that appears at the bottom of the test tube by tapping the tube against a hard surface.  Add a drop 
of the commercial stain, Sedistain, and mix gently. 

 Place a drop of this stained sediment onto a clean slide and place a coverslip on top. 
 Examine under a microscope at low magnification (10X) first. Then switch to high dry 

magnification and then observe under oil immersion. 
 Compare the microscopic structures found in your urine sediment with those in the charts 

provided by Dr. Bawa. 
 When you have finished with all the tests, discard your urine directly down the sink and place all 

disposable materials in the container provided.  Wash all glassware with soap and water.  

55..  AAddddiittiioonnaall  QQuueessttiioonnss  

What is the correct technique for collecting and handling a urine sample for analysis?   
How do you interpret the findings of a typical routine urinalysis?   
Define: (a) purple urine bag syndrome; (b) blue diaper syndrome; (c) red diaper syndrome; and (d) black urine disease?   
Does the odor of the urine have any diagnostic or clinical significance?   
What is the significance of (a) gross hematuria and (b) or microscopic hematuria?   
What is the “three tube test” for hematuria?   
What is the nutcracker syndrome?  
What is the significance of proteinuria?   
What is a urinary tract infection (UTI) and who gets them?  
What is the pathogenesis and what are the most common microbes involved in UTIs?  
What are the usual symptoms of UTIs?  
How do you make a laboratory diagnosis for a UTI?   
How should acute uncomplicated UTI be treated?  How do you prevent them?  
How is a UTI in pregnancy managed?  
How to control complicated UTI and how to prevent it?   
What is suppressive antimicrobial therapy, and when is this appropriate?   
What are the current management strategies for community-acquired UTIs?   
How to control or treat UTIs in older patients who reside in nursing homes?   
How to diagnose and treat fungal UTIs? 

 (Modified from:  E. Lerma and A. Nissenson (2012). Nephrology Secrets, Mosby/Elsevier, Philadelphia, PA) 
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Answer True/False or Fill-ins: 

1. (a) The pressure during both systole and diastole in the normal healthy vena 
cava drops close to ______________mmHg. 
(b) What is the maximum magnification of our compound light microscope? 
_____________X 

2. In human adults, the ascending aorta gives off the following three branches:  
(i) brachiocephalic a. (ii) left subclavian a. and (iii) _______________________. 

3. (a) If the mother is Rh __________ and father is Rh + there is a risk of 
hemolytic disease of the newborn in the second pregnancy.   

 (b) What is the shape of uric acid crystals found in human urine sediment? 
______________. 

4. A positive nitrite test result may indicate a UTI but a safe diagnosis is only 
possible by a positive culture obtained with a midstream urine specimen.  
True or False 

5. A person with antigens A, B and Rh is a universal recipient.  True or False 
6. (a) Pulmonary artery carries oxygenated blood away from the heart.  True or 

False 
(b) Whole blood is composed of plasma and these two cells: 
_________________________________. 

7.  Assuming that the diagram below represents BP monitoring with a 
stethoscope in a healthy human adult, the pressure in the cuff is such that 
there is no sound audible through the stethoscope placed at the antecubital 
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space.  Based on this information, roughly what will be the pressure inside 
the brachial artery be for a sound to be heard in the stethoscope?  __________ 

 

 
8. (a) The _________________ are the smallest leucocytes found in circulating 

blood. 
(b) Generally, if the ________________ valve leaks, it would lower the systemic 
blood pressure. 

9. (a) Classic phagocytic cells in blood are monocytes. True or False 
(b) During BP monitoring, the Korotkoft sounds first appear when the 
pressure in the cuff is equal to the blood pressure in the radial artery.  True 
or False 

10. SA node generates/initiates an action potential that spreads through the 
entire heart.____________________ represents atrial repolarization. 

11. The ductus arteriosus is a normal fetal blood vessel that closes soon after 
birth. In PDA this vessel does not close, resulting in irregular transmission of 
blood between two of the most important arteries close to the heart, the aorta 
and the __________________________.  

12.  EPO injections will result in an increase in the RBC synthesis via the bone 
marrow.  EPO is synthesized by which organ? ___________________. 

13.   Heart contains cardiac muscle and endothelium. True or False 
14.  Which of the heart chamber(s) empty’s immediately following S2?   
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15. The slide below was prepared during blood typing using human peripheral 
blood.  It represents a universal recipient because there is RBC 
agglutination. True or False 

 
16. Identify the labeled part in the stethoscope shown below: 

 
 
17.  The mitral and aortic valves are most commonly involved with valvular heart 

disease.  Major problems include stenosis and _______________. 
18.  (a) Heart murmurs are abnormal sounds heard during a heartbeat.  Give one 

cause of a murmur: __________________________________. 
(b) Buffy coat contains WBCs plus _____________.  

19. (a) During inspiration, the ____________volume is the amount of air moving 
in or out of the lung during normal, quiet ventilation. 

 (b) What is another term for “dead space” in reference to respiratory 
physiology? ____________________ 
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