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The pace and sophistication of advances in medicine in the past two decades have 
necessitated a growing need for a comprehensive reference that highlights current 
issues in medicine. Each volume in the Current Issues in Medicine series is a stand‐alone 
text that provides a broad survey of various critical topics—all accomplished in a user-
friendly yet interconnected format. The series not only highlights current advances 
but also explores related topics such as translational medicine, regulatory science, 
neglected diseases, global pandemics, patent law, immunotoxicology, theranostics, 
big data, artificial intelligence, novel imaging tools, combination drug products, and 
novel therapies. While bridging the gap between basic research and clinical medicine, 
this series provides a thorough understanding of medicine’s potential to address health 
problems from both the patient’s and the provider’s perspectives in a healthcare 
setting. The range of topics covered and the expertise of the contributing authors 
accurately reflect the rapidly evolving areas within medicine—from basic medical 
sciences to clinical specialties. Each volume is essential reading for physicians, medical 
students, nurses, fellows, residents, undergraduate and graduate students, educators, 
policymakers, and biomedical researchers. The multidisciplinary approach of the series 
makes it a valuable reference resource for the pharmaceutical industry, academia, and 
governments. However, unlike other series on medicine or medical textbooks, this 
series focuses on current trends, perspectives, and issues in medicine that are central 
to healthcare delivery in the 21st century. Volume 2 focuses on the current issues in 
basic medical sciences, subjects that are fundamental to the practice of medicine. 
Specifically, it discusses clinical immunology, medical microbiology, COVID-19, and big 
data. These subjects, traditionally taught in the first two years of medical school that 
precede clinical instruction, provide a core of basic knowledge critical to the success in 
clinical medicine during rotations, training, and medical practice.
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additional information about a product, please contact the appropriate medical professional, 
manufacturer, FDA, physician, pharmacist, or other licensed healthcare professional, as appropriate. 
Similarly, careful evaluation of any procedures, manufacturing steps, medical protocols, 
regulatory guidances, or assays described herein is warranted. To the fullest extent of the 
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of immunology, therapeutic potential, clinical applications, adverse reactions, and 
approaches to overcoming immunotoxicity of biotherapeutics and nanomedicines. 
It also tackles critical, yet often overlooked topics such as immune aspects of nano-
bio interactions, current FDA regulatory guidances, complement activation-related pseudoallergy (CARPA), 
advances in nanovaccines, and immunogenicity testing of protein therapeutics.
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África González-Fernández, PhD, MD
Professor of Immunology and President of the Spanish Society of Immunology,  

University of Vigo, Spain
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Carl R. Alving, MD
Emeritus Senior Scientist, Walter Reed Army Institute of Research, Silver Spring, Maryland, USA
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Rajiv R. Mohan, PhD
Professor and Ruth M. Kraeuchi Missouri Endowed Chair Professor,  

University of Missouri, Columbia, USA
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Budapest, Hungary
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relevance. With expert contributions from around the globe, this book addresses topics germane to 
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Sara Brenner, MD, MPH
Associate Professor and Assistant Vice President, SUNY Polytechnic Institute, Albany,  

New York, USA
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The enormous advances in nanomedicine and precision medicine in the past two 
decades has necessitated a growing need for an authoritative and comprehensive 
reference source that can be relied upon by biomedical researchers, clinicians, 
pharmaceutical scientists, regulators, and lawyers alike. This stand-alone, 
full-color book provides a broad survey of various interconnected topics, all 
accomplished in a user-friendly format. Each chapter contains key words, tables, 
and figures in color, future projections, and an extensive list of references. It is 
intended to be a standalone reference volume that broadly surveys and highlights 
innovative technologies and advances pertaining to nanomedicine and precision medicine. In addition, it also 
addresses often-neglected yet key issues such as translational medicine, intellectual property law, FDA 
regulatory issues, nanomedicine nomenclature, and artificial nanomachines—all accomplished in a 
user-friendly, broad yet interconnected format. The book is essential reading for the novice and expert alike 
in diverse fields such as medicine, law, genomics, pharmaceutical sciences, biomedical sciences, ethics, 
and regulatory science. The book’s multidisciplinary approach will attract a global audience. It will serve as 
a valuable reference resource for the industry, academia, and government.

“The carefully selected range of topics in this masterpiece is perfect for academia, physicians, drug industry, 
healthcare systems, policymakers, regulatory bodies, and governments. In the coming decade, efforts in 
nanomedicine and precision medicine will be translated from the bench to the bedside, paving the way for 
more accurate diagnosis and more precise therapeutics. This volume is a standard reference for anyone 
involved in the coming healthcare revolution.”

Tatiana K. Bronich, PhD
Parke-Davis Professor, University of Nebraska Medical Center, USA

Editor, Nanomedicine (Elsevier)

“The first 3 volumes in this wonderful series have been inspirational. They form the most definitive and useful 
references about the clinical, technical, legal, and business aspects of nano. This fourth volume was awaited 
with great interest.”

Peter J. Dobson, PhD, OBE
Academic Director, Begbroke Science Park, and Professor (retd), University of Oxford, UK

“Ehrlich’s vision of ‘magic bullets’ postulated in 1908 will be realized along the road from nanomedicine to 
precision medicine. The power unleashed by elucidation of the genome coupled with the elegance of site- 
specific drug delivery will revolutionize healthcare in the next century. In my 70-year career as a researcher 
and university professor, nothing has held greater potential to diagnose and treat diseases in a more 
customizable, targeted manner. This book reflects innovations, potential applications, and possible bottlenecks 
in these two interrelated fields.”

S. R. Bawa, MSc, PhD
Founding Head and Professor of Biophysics (retd), Panjab University, India

“Precision medicine and targeted nanomedicines are the ‘Holy Grail’ of medicine and drug delivery; this 
comprehensive volume highlights their salient features and interconnectivity. A team of distinguished editors 
and authors have done a superb job focusing on the critical and current issues, masterfully dissecting hype 
from reality.”

János Szebeni, MD, PhD, DSc
Director, Nanomedicine Research & Education Center, Semmelweis University

CEO, SeroScience, Hungary

“The growth, opportunity, and promise of nanomedicine have become breathtaking, which is why this book 
is my ‘go to’ reference. It puts cutting-edge nano-developments in context of precision medicine, and the 
lessons learned from applications in one clinical challenge may serve as a template for other challenges. 
Use this volume as a reference, but be sure to read it for inspiration.”

Nicholas Borys, MD
Senior Vice President and Chief Medical Officer, Celsion Corporation, USA
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Endorsed by

The American Society for Nanomedicine (ASNM) (https://www.nanomedus.org) 
is a nonprofit, professional medical organization based in Ashburn, Virginia, USA. 
It was founded in 2008 by Dr. Raj Bawa of Bawa Biotech LLC and Dr. Esther 
Chang of Georgetown Medical Center. The ASNM comprises members drawn 
from diverse fields, including medicine, law, nanotechnology, pharma, biotech, 
engineering, and biomedical sciences with the common goal of advancing 
nanomedicine research to benefit global health. These goals are achieved through 
an open forum of ideas and collaborative efforts as well as close cooperation 
with our partner organizations. Since its inception, the ASNM has organized and 
sponsored major international conferences.

Specifically, the vision of the ASNM includes

promoting research related to all aspects of nanomedicine and providing •	
a forum through scientific meetings for the presentation of basic, clinical, 
and population-based research;
promoting and facilitating the formal training of physicians, basic medical •	
scientists, engineers, molecular biologists, statisticians, and allied healthcare 
providers in nano-related medical research and education;
encouraging preventive measures and nano-based technologies to reduce •	
the incidences of various diseases;
facilitating the establishment of programs and policies that can better •	
serve early diagnosis.

The European Foundation for Clinical Nanomedicine (CLINAM) (https://www.
clinam.org), founded in 2007 by Beat Löffler, MA, MD (Hon), and Patrick Hunziker, 
MD, is an organization based in Basel, Switzerland. Its primary mission is to 
advance medicine to the benefit of individuals and society through the application 
of nanoscience and targeted medicine. Aiming at prevention, diagnosis, and therapy, 
it supports clinically focused research and the interaction and information flow 
between clinicians, researchers, and the public. The major goal is to support the 
development and application of nanomedicine and targeted medicine and having 
in scope all nanomedicine-related fields. The foundation runs a lab, creates an 
annual summit for clinical nanomedicine, and established the European Journal of 
Nanomedicine. The CLINAM Summits held annually in Basel bring together over 
500 participants from around the globe. CLINAM founded the European Society 
for Nanomedicine (ESNAM), which has more than 1,000 members today. ESNAM was 
the driving force for the formation of the International Society for Nanomedicine, 
(ISNM) which brings together members from Japan, Korea, USA, Canada, Europe, 
South America, Australia, Africa, and India. CLINAM organizes worldwide summer 
schools.

https://www.nanomedus.org
https://www.clinam.org
https://www.clinam.org


 

 

 

 

 

The Society for Brain Mapping and Therapeutics (SBMT) is a nonprofit society 
organized for the purpose of encouraging basic and clinical scientists who are 
interested in areas of brain mapping, engineering, stem cell, nanotechnology, 
imaging, and medical device to improve the diagnosis, treatment, and rehabilitation 
of patients afflicted with neurological disorders. This society promotes the public 
welfare and improves patient care through the translation of new technologies/
therapies into life-saving diagnostic and therapeutic procedures. The society 
is committed to excellence in education, and scientific discovery. The society 
achieves its mission through multidisciplinary collaborations with government 
agencies, patient advocacy groups, educational institutes, and industry, as well as 
philanthropic organization.

 

 

 

 

 

Brain Mapping Foundation (BMF) is a nonprofit, charitable organization, 
established for the purpose of facilitating multi-disciplinary brain and spinal cord 
research and expediting integration and translation of cutting-edge technologies 
into the field of neuroscience. BMF is focused on translating state-of-the-art 
technologies from space and defense industries into neuroscience in order to 
bring the most advanced medicine to wounded warriors as well as civilians.

 

 

 

 

 
The NCNBE mission is to establish collaborating research laboratories and network 
throughout the state of California and beyond in order to rapidly develop solutions 
for neurological disorders employing advances in nanotechnology, stem cell 
research, and medical devices (nanobioelectronics) while fostering biotech spinoffs 
for the purpose of job creation. NCNBE promotes the public welfare and improves 
patient care through the translation of new technologies into life-saving diagnostic 
and therapeutic procedures. The center is committed to excellence in education, 
and scientific discovery. The NCNBE achieves its mission through multidisciplinary 
collaborations/consortium with government agencies, patient advocacy groups, 
educational institutions, private sector, industry, and philanthropic organizations.
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Note from the Series Editor
The incredible pace at which technology and medicine have advanced during 
the past two decades has revolutionized how we approach public health and 
deliver medical care. This has necessitated a growing need for a comprehensive 
reference series that highlights the current issues in medicine. This series does 
exactly that, all in a readily accessible, user-friendly format. Volume 2 in the 
Current Issues in Medicine series highlights current thinking, critical concepts, 
best practices, and perspectives in clinical immunology, medical microbiology, 
COVID-19, and big data. These subjects are the underpinnings of medicine and 
part of most first-year medical school curricula. They are the basic and applied 
sciences that make the art of medicine possible. Specific chapters cover antibodies 
associated with rheumatoid arthritis and myelin, complement activation and 
liposomes, porcine model of pseudoallergic infusion reactions, role of host 
immunity in Leishmaniasis, Rotavirus vaccine efficacy, HIV/AIDS, H1N1 Influenza, 
poxvirus research, Staphylococcus	 epidermidis,	 Clostridioides	 difficile biofilms, 
malaria pathogenesis, Japanese encephalitis, quorum sensing, Isoniazid-resistant 
Tuberculosis, MRSA sepsis, fungal diseases, metabolomic analyses, Trypanosoma 
cruzi, Carbapenem-resistant Enterobacteriaceae infections, human plague, human 
brain/cloud interface, artificial intelligence in drug discovery, applications of 
blockchain technology in healthcare, metaproteomics, convalescent serum 
therapy, SARS-CoV-2 and COVID-19. This book is essential reading for physicians, 
medical students, nurses, fellows, residents, undergraduate and graduate students, 
educators, policymakers, and biomedical researchers. Undoubtedly, it will be a 
valuable reference for health facilities, medical institutions, industry, academia, 
and governments.
 The range of topics covered in the Current Issues in Medicine series and the 
expertise of the contributing authors accurately reflect the rapidly evolving areas 
within medicine—from basic medical sciences to clinical specialties. Volumes 1 
and 2 in this series are focused on the current issues in basic medical science, 
subjects that are fundamental to the practice of medicine. These subjects, 
traditionally taught in the first two years of medical school that precede clinical 
instruction, provide a core of basic knowledge critical to the success in clinical 
medicine during rotations, training, and medical practice. Obviously, knowledge 
gleaned from these subjects leads to better ways to predict, prevent, diagnose, 
and treat disease. Specifically, Volume 1 covers medical biochemistry, genomics, 
physiology, and pathology. Volume 2 discusses clinical immunology, medical 
microbiology, COVID-19, and big data. Surgical and clinical specialties are covered 
in Volume 3. Volume 4 is directed towards diagnosis and imaging techniques, 
Volume 5 focuses on drug delivery, and Volume 6 highlights novel therapeutics 
and clinical applications. Volume 7 is directed to critical editorials and perspectives 
pertaining to medicine and ancillary fields.
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 I am grateful to the authors, co-editors, and reviewers for meticulously 
ensuring the accuracy and completeness of information presented herein. I also 
thank Mr. Stanford Chong and Ms. Jenny Rompas of Jenny Stanford Publishing 
for commissioning this outstanding series. The staff at Jenny Stanford Publishing 
and at Bawa Biotech LLC are acknowledged for their valuable assistance with 
research, graphics, secretarial assistance, and publication coordination.

xliv

immunotoxicity of biologics and nanomedicines is presented. 
For instance, chapters are devoted to immune stimulatory and  
suppressive effects of antibodies, peptides and other biologics, 
as well as various nanomedicines. The state of the art in 
therapeutic and preventive vaccines along with their potential 
molecular mechanisms underlying immunogenicity is also 
highlighted. Adverse immune effect of certain biologics and 
nanomedicines, namely, complement (C) activation-related 
pseudoallergy (CARPA), is discussed in unprecedented detail in  
terms of occurrence, prediction, prevention, and mechanism. 
Furthermore, critical, yet often overlooked topics such as immune 
aspects of nano-bio interactions, current FDA regulatory guidance, 
immunogenicity testing of therapeutic protein products, and 
engineering bio/nanotherapeutics to overcome barriers to 
immunotherapy are also covered.
 I express my sincere gratitude to the authors, coeditors, and 
reviewers for their excellent effort in undertaking this project 
with great enthusiasm. I thank my father, Dr. S. R. Bawa, for 
meticulously reviewing various chapters of this book. Finally,  
I also thank Mr. Stanford Chong and Ms. Jenny Rompas of  
Pan Stanford Publishing for commissioning me to edit this volume. 
Mr. Arvind Kanswal of Pan Stanford Publishing and my staff at  
Bawa Biotech LLC are acknowledged for their valuable assistance 
with publication coordination.

Raj Bawa, MS, PhD
Series Editor

Ashburn, Virginia, USA
June 7, 2018*

My Life with Biologicals and Nanodrugs

*The day my beloved Washington Capitals ice hockey team won the Stanley Cup  
for the �irst time in franchise history!

Dr. Raj Bawa
Series Editor
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Robert Koch reading his address to a conference at St James’s Hall, Piccadilly. 
Gouache by F.C. Dickinson, 1901. (Credit: Wellcome Library [1].)
Dr. Robert Koch addressing a conference at St James’s Hall, Piccadilly, London. 
Gouache by F.C. Dickinson, 1901.

Robert Koch (1843–1910) was a German physician and medical microbiologist. 
He discovered the anthrax disease cycle (1876), and the bacteria responsible for 
tuberculosis (1882) and cholera (1883). He also worked extensively on tropical 
diseases, including African trypanosomiasis and malaria. He is considered as 
one of the founders of medical bacteriology and the father of microbiology (with 
Louis Pasteur). His discovery of Bacillus anthracis in 1876 is considered to mark 
the birth of modern bacteriology. He astounded his parents at the age of five by 
telling them that he had taught himself to read, a feat which foreshadowed the 
intelligence and methodical persistence that were to be his hallmarks in later life. 
He was the first to grow bacteria in laboratory using agar and glass plates (later 
developed as Petri dishes by his assistant Julius Petri). In appreciation of his 
brilliant research, in 1885 Koch was appointed Professor at the University of 
Berlin as well as the Director of the newly established Institute of Hygiene there. 
In 1891, he became an Honorary Professor of the Medical Faculty of Berlin and 
Director of the new Institute for Infectious Diseases, where his stellar colleagues 
were Ehrlich, von Behring, and Kitasato. In 1905, he was awarded the Nobel Prize 
in Physiology or Medicine for his work on tuberculosis. Koch also claimed to have 
found a cure for tuberculosis. Unfortunately this was not the case as the drug, 
Tuberculine, turned out to be useful for diagnosing tuberculosis rather than 



treating it. In fact, Tuberculine, which is a purified protein derivative (PPD) from 
cultures of tubercle bacillus, is still used today in a skin test by hypodermic injection 
for infection with or immunity to tuberculosis. Koch established guidelines for 
determining whether a particular microorganism is the causative agent of a specific 
infectious disease. These four basic criteria are known as Koch’s Postulates and 
remain the gold standard for determining the cause of any infectious microbial 
disease. Koch’s Postulates are still considered relevant today, though subsequent 
developments, such as the discovery of microorganisms that cannot grow in cell- 
free culture (viruses and obligate intracellular bacterial pathogens), have caused 
these guidelines to be reinterpreted for the molecular era. Although Koch worked 
out the principles, three of the Postulates were introduced by his assistant 
Loeffler and the fourth added by plant pathologist Smith. Koch’s relationship 
with Louis Pasteur deteriorated following their first meeting. Although the 
Koch–Pasteur rivalry erupted into scientific disputes throughout his life, it led to 
indisputable accomplishments that would outlive the rancor. He was generous 
with his knowledge and nurtured the careers of many researchers who went on to 
become prominent figures in their own right. He was keen to share credit with his 
co-researchers, something that I strongly believe should be a bedrock principle 
of modern biomedical research. He remained a modest man till the end of his 
life: “If my efforts have led to greater success than usual, this is due, I believe, to the 
fact that during my wanderings in the field of medicine, I have strayed onto 
paths where the gold was still lying by the wayside. It takes a little luck to be able 
to distinguish gold from dross, but that is all.”

—Dr. Raj Bawa



Dr. Ignaz Philipp Semmelweis. Photograph.

Ignaz Philipp Semmelweis (1818–1865) (German: [ˈɪɡnaːts ˈzɛmlv̩aɪs]; Hungarian: 
Semmelweis Ignác Fülöp [ˈsɛmmɛlvɛjs ˈiɡnaːts ˈfyløp]) was a Hungarian physician 
who discovered that simple antiseptic procedures such as handwashing could 
markedly reduce the occurrence of puerperal (or childbed) fever and save 
mothers’ lives in maternity wards. He was popularly known as “the saviour of 
mothers.” He established the link that medical students were infecting pregnant 
women in maternity wards from autopsies (midwives did not attend autopsies). 
Once he ordered the students to wash their hands in a solution of chlorinated 
lime before each examination, the mortality rates dramatically dropped. However, 
his observations conflicted with the established scientific and medical opinions 
of the time. The medical establishment rejected his outstanding work and he 
complained that “most medical lecture halls continue to resound with lectures 
on epidemic childbed fever and with discourses against my theories.” To avoid 
spreading microbes like SARS-CoV-2, the least controversial and most effective 



tactic today is to "properly" wash your hands with soap and water. However, 
in the 19th century, this simple practice was considered scandalous. Although 
surgeons began regularly scrubbing up in the 1870s, the importance of routine 
handwashing became universally accepted only a century later. In fact, hand 
hygiene was officially incorporated into US healthcare in the 1980s when the first 
national hand hygiene guidelines were issued. In 1865, Semmelweis suffered a 
breakdown and was committed to an asylum by his colleagues, where he died. 
His illness and death were caused by the infection of a wound on his hand due to 
an operation he had performed before he was taken ill. His doctrine was eventually 
accepted by medical science and control of infection was hailed by Joseph Lister: 
“I think with the greatest admiration of him and his achievement and it fills me 
with joy that at last he is given the respect due to him.” In my humble opinion, 
Dr. Semmelweis deserves to be portrayed as one of the greatest physicians and 
public health advocates of all time. Semmelweis University is a research-led 
medical school in the stunningly beautiful city of Budapest in Hungary. Founded 
in 1769, it was renamed in 1969 in honor of Dr. Semmelweis. I have regularly 
visited this outstanding institution for conferences and research activities for the 
past 15 years.

—Dr. Raj Bawa



Lord Lister with his house surgeons and dressers. Photograph by Barrauds, 
between 1890 and 1899.

Joseph Lister (1827–1912) was an English surgeon who introduced antiseptics 
during surgery. Based on the concepts of Pasteur, he employed carbolic acid to clean 
surgical wounds and insisted that his surgical team use aseptic technique during 
surgery. Before Lister’s studies of surgery, it was believed that chemical damage 
from exposure to “bad air” (miasma) was responsible for infections in wounds. 
Lister’s studies showed that using antiseptics, washing hands, and wearing 
gloves drastically reduced the incidence of surgical site infections—basic 
hygiene principles that are critical in the era of COVID-19. He is remembered and 
honored for his remarkable accomplishments that earned him the title “father 
of modern surgery.” Lister summarized the conclusions of his research: “But since 
the antiseptic treatment has been brought into full operation, and wounds and 
abscesses no longer poison the atmosphere with putrid exhalations, my wards, 
though in other respects under precisely the same circumstances as before, have 
completely changed their character; so that during the last nine months not a 
single instance of pyemia, hospital gangrene, or erysipelas has occurred in them.” 
Although asepsis and sterile technique have replaced antisepsis as the primary 
principle in combating infection, Lister’s application of germ theory laid the 
foundation for surgery.

—Dr. Raj Bawa
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1.1 Pandemics: A Clear and Present Danger

Messieurs, c’est les microbes qui auront le dernier mot.
(Gentlemen, it is the microbes who will have the last word.)

—Louis Pasteur

Epidemics on the other side of the world are a threat to us all. No epidemic is just local.

—Peter Piot

As a microbiologist, I am fully aware that our world is a playground for microbes. 
Emerging pathogens pose a clear and present danger, and pandemic preparedness 
is critical. Pandemics can be triggered by unavoidable or uncontrollable natural 
processes like genetic variations and climate change. They can also arise from 
risks generated by human activities or practices. Examples include antibiotic 

Copyright © 2022 Raj Bawa. All rights reserved. This work is free and may 
be used by anyone for any purpose. As a service to authors and researchers, 
as copyright holder, I permit unrestricted use, distribution, online posting, 
and reproduction of this article or unaltered excerpts therefrom, in any 
medium, provided the original source is clearly identified and properly 
credited.

I dedicate this chapter to my late mother, Mrs. Sudesh Bawa (1935–
2020), in whose memory I have established the Sudesh Bawa Medical 
Foundation. This section is based, in part, on discussions I have 
had with my 92-year-old father, Dr. S. R. Bawa, an anatomist and a 
retired university professor/chair. My parents were married in 1954 
and exemplified how a lifelong relationship of love, dedication and 
perseverance gives meaning to life. 
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overuse or misuse, destruction of forest habitats of microbe-carrying animals, and 
an increase in the ease and speed of global transportation that spreads disease-
causing pathogens. By some estimates, of the 1,461 diseases now recognized in 
humans, approxi mately 60% are due to multi-host pathogens characterized by 
their movement across species lines.1 Other reports conclude that over the past 
three decades about 75% of new emerging human infectious diseases have a 
zoonotic origin.2 Clearly, human-animal interactions and interdependence are 
likely the most critical risk factor to our health regarding infectious diseases. 
To gauge a “spillover event” enormous scientific resources are directed towards 
pre dicting where the deadliest viruses reside, their life cycles, susceptibilities, 
and ability to cross species barriers.

Throughout history, viruses, bacteria, and parasites have killed more 
humans than wars and natural disasters. Viral diseases were recorded ever since 
humans began living together in communities, with smallpox being the first 
reported around 10,000 BC. Smallpox was the deadliest human disease to ever 
exist with a devastating 20–60% mortality rate, killing an estimated 300 million 
people in the 20th century alone. In 1918, the H1N1 Spanish Flu infected one-third 
of the world’s population and killed an estimated 50–100 million people. Other 
recent influenza pandemics include the 1957 H2N2 (Asian Flu) that originated 
in China and killed around 4 million people worldwide, the 1968 H3N2 (Hong Kong 
Flu) that killed 1 million people worldwide, the 2005 H5N1 (Bird Flu) which caused 
few deaths and the 2009 H1N1 (Swine Flu) which caused 18,000 human deaths.

In addition to influenza pandemics, coronaviruses have also caused regional 
epidemics prior to the current COVID-19 pandemic (Figs. 1.1–1.4). Coronaviruses 
of zoonotic origin have caused large-scale cluster outbreaks of severe respiratory 
disease. These include the Severe Acute Respiratory Syndrome Coronavirus 
(SARS-CoV) epidemic in 2003 in mainland China and the Middle East Respiratory 
Syndrome Coronavirus (MERS-CoV) epidemic in 2012 in Saudi Arabia and in 2015 
in South Korea. SARS-CoV (the first coronavirus) spread to 26 countries before 
the outbreak was contained with over 8,000 people infected and a case fatality 
rate of approximately 10%. Regarding MERS-CoV, infections are still occurring and 
have been reported in almost 30 countries. While human-to-human transmission 
for MERS-CoV is rare, some studies show the case fatality rate to be greater 
than 30%.

The year 2020 will forever be marked by the presence of the Severe 
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)3 and the associated 
COVID-19 pandemic. COVID-19 has had a catastrophic effect on the world’s 

1E. F. Torrey and R. H. Yolken. (2005). Beasts of the Earth. Rutgers University Press, New Brunswick, NJ. 
2L. H. Taylor, S. M. Latham, and M. E. Woolhouse (2001). Risk factors for human disease emergence. 
Philos. Trans. R. Soc. Lond. B Biol. Sci. 356:983–989.

3It is important to distinguish the SARS-CoV-2 virus from the disease it causes, namely, COVID-19. 
In this chapter, I will use the terms SARS-CoV-2 virus, CoV-2 virus, and coronavirus 2 interchangeably 
to refer to the virus that causes COVID-19.

Pandemics
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demographics resulting in ~3.76 million deaths so far. After the first cases of 
this predominantly respiratory viral illness were “officially” reported by the 
Chinese government in late December 2019, SARS-CoV-2 rapidly circumvented 
the globe in a matter of weeks, compelling the World Health Organization (WHO) 
to declare it as a global pandemic on March 11, 2020. As of June 8, 2021, globally, 
there have been 174,591,505 coronavirus cases and 3,757,419 deaths, and 
157,941,391 patients have recovered from COVID-19.4 Virtually overnight, this 
pandemic profoundly altered the world as it struggled to contain the coronavirus 
while mitigating its health, economic and social impact. For a global pandemic to 
occur, the following requirements are needed: emergence of a new human microbe; 
reduced or minimal population immunity to that microbe; and a relatively simple 
mode of transmission. SARS-CoV-2 fulfills all three of these criteria.

1.2 The Invader and the Host: A Delicate Dance

The viruses, instead of being single-minded agents of disease and death, now begin 
to look more like mobile genes. We live in a dancing matrix of viruses; they dart, 
rather like bees, from organism to organism, from plant to insect to mammal to me 
and back again, and into the sea, tugging along pieces of this genome, strings of 
genes from that, transplanting grafts of DNA, passing around heredity as though 
at a great party. They may be a mechanism for keeping new, mutant kinds of DNA 
in the widest circulation among us. If this is true, the odd virus disease, on which we 
must focus so much of our attention in medicine, may be looked on as an accident, 
something dropped.

—Lewis Thomas, Lives of a Cell: Notes of a Biology Watcher, 1974

A delicate dance between a virus (the invading pathogen) (Figs. 1.1 and 1.2) and 
the immune system (host defense mechanisms) unfolds each time the virus infects 
the host (Figs. 1.3 and 1.4). Host immune cells and antibodies are in constant 
battle with virus invaders, with one just barely keeping the other in check. One of 
the most confusing and fundamental questions around viruses is why they are 
severely pathogenic to some hosts and asymptomatic in others. After all, it is in 
the virus’s best interest, from an evolutionary perspective, to co-exist in the host 
in a chronic asymptomatic state without causing major damage. Smart viruses 
maintain a carrier state, a sort of equilibrium with the host’s immune cells in an 
asymptomatic fashion.

4Worldometer. COVID-19 outbreak live update. Available at: https://www.worldometers.info/coronavirus 
(accessed on June 8, 2021). Another authoritative source is the Johns Hopkins Coronavirus Resource 
Center: https://coronavirus.jhu.edu/. Please note that limited testing and challenges in the attribution of 
the cause of death means that the number of confirmed deaths may not be an accurate count of the actual 
number of deaths from COVID-19.

https://www.worldometers.info/coronavirus
https://coronavirus.jhu.edu/
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Figure 1.1a Structural view of a coronavirus. Source: https://commons.wikimedia.org/ 
wiki/File:3D_medical_animation_coronavirus_structure.jpg.

Figure 1.1b The peplomers of a SARS-CoV-2. This illustration reveals the surface 
morphology/topography of the virus nanoparticle. Note the spikes that adorn the outer 
surface of the virus, which impart the look of a corona surrounding it, when viewed electron 
microscopically. A peplomer (Greek: peplos, ‘robe’, ‘[woman’s] dress’ + meros, ‘part’) is 
one of the knoblike spike structures (red, orange), generally composed of glycoproteins 
(spike protein) and projecting from the lipid bilayer of the surface envelope. Peplomers play 
important roles in the infection process. Figure courtesy of the CDC.

The Invader and the Host

https://commons.wikimedia.org/
wiki/File:3D_medical_animation_coronavirus_structure.jpg
https://commons.wikimedia.org/wiki/File:3D_medical_animation_coronavirus_structure.jpg
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Figure 1.1c 3D print of one of the peplomers of SARS-CoV-2. Courtesy of NIH.

Figure 1.2 Digitally colorized transmission electron micrograph of SARS-CoV-2.
Virus particles isolated from a patient in the US are shown emerging from the 
surface of cells cultured in the lab. Courtesy of NIH.
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1.3 Did SARS-CoV-2 Leak from a Chinese Lab?

Life on Earth is at the ever-increasing risk of being wiped out by a disaster, 
such as sudden global nuclear war, a genetically engineered virus or other dangers 
we have not yet thought of.

—Stephen Hawking

Is it possible that SARS-CoV-2 began when an animal virus found its way unaided 
into humans, i.e., a zoonotic spillover? Is it more likely that the virus began in 
a Chinese government laboratory in Wuhan? Was it genetically engineered at the 
lab to enhance its virulence and infectivity? Is it a man-made bioweapon? Was 
SARS-CoV engineered into SARS-CoV-2? Did it accidentally leak from the lab? We do 
not know the precise answer to these critical questions at the moment. But, strong 
circumstantial evidence is building that points towards a lab leak and Chinese 
cover-up.

China’s response to the COVID-19 outbreak has been scrutinized since the 
virus was first detected in its Wuhan province. In fact, China’s lack of transparency 
and questionable tactics, especially in the first few weeks, have contributed 
to the spread of SARS-CoV-2. This has led to calls for an open investigation 
into the possibility that the coronavirus leaked from a lab. Even if SARS-CoV-2 
originated naturally, from animal-human contact, it does not preclude the 
possibility that the virus was the result of an accidental leak from China’s Wuhan 
Institute of Virology, where coronavirus research was being conducted on bats. 
This institute is only a few kilometers from the Huanan Seafood Market where 
SARS-CoV-2 was first detected.5 To deflect blame for a potential leak, the 
Chinese government has promoted unsubstantiated theories that the virus may 
have entered China via frozen food.

The WHO does not have the regulatory authority to force governments to 
disclose information. It has been particularly weak dealing with China on the 
COVID-19 pandemic. China did recently invite a small WHO team of disease 
experts to “investigate” the outbreak, but its findings were of limited value since 
the team’s constraints reveal how little power it had to conduct a fair probe. 
To me, this visit was akin to a student field trip where the final conclusions 
were predetermined and scientifically fraudulent. No wonder, the WHO was broadly 
criticized by many governments over its limited access to “complete, original 
data and samples” and overly deferential treatment of China throughout the course 
of this study. Moreover, this study was co-authored by 17 Chinese scientists, 
several of them from Chinese government-run institutions. As an editor of peer-
reviewed journals for almost two decades, this represents a clear conflict of interest 
and scientific misconduct on the part of the authors of this “invalid” WHO report.

A US State Department fact sheet from January 2021 highlights reports of 
sick lab researchers at the Wuhan Institute of Virology in the fall of 2019. It also points 
5On December 30, 2019, the Wuhan Municipal Health Commission issued two urgent notices to local 
hospitals about cases of pneumonia of unknown origin linked to the Huanan Seafood Market. The Wuhan 
Institute of Virology sequenced almost the entire genome of the virus on January 2, 2020. This sequence 
and further sequences were made public later in January 2020. Chinese scientists successfully isolated 
the virus by January 7, 2020, and developed a PCR testing reagent for the virus by January 10, 2020.

Did SARS-CoV-2 Leak from a Chinese Lab?
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to research with virulent coronavirus strains and indicates secret Chinese military 
activity at the lab. In May 2021, strong evidence from a previously undisclosed 
US intelligence report was made available that details three researchers from 
this institute becoming ill enough to seek hospital care in the autumn of 2019.6 
Their illness occurred a few months prior to the official Chinese government 
disclosure of SARS-CoV-2 to the world. Clearly, more rigorous investigations are 
required to establish the original source of this pandemic, with or without China’s 
assistance. I predict that the Chinese government will continue to stonewall any 
efforts to determine the true origins of SARS-CoV-2. As a side note, the question 
has also arisen if plaintiffs from other countries can sue China for COVID-19 and 
hold it legally accountable in their respective courts. In fact, first lawsuits against 
the government of China and the Chinese Communist Party were filed in 2020 
with a heavy emphasis on mass torts and class actions.7 However, a major obstacle 
to these lawsuits is the bedrock doctrine of sovereign immunity which protects 
a nation from being sued in another nation.

As an adjunct professor at Rensselaer Polytechnic Institute in Troy, NY, from 
1998 to 2018, I designed and taught a course for over a decade titled “Biodefense: 
A clear and present danger.” It included lectures on emerging and re-emerging 
infectious diseases and noted the potential of coronaviruses to cause pandemics. 
A few lectures covered microbial bioweapons and biodefenses against them. 
The inspiration for the course was based on a half-day meeting at the Center for 
Biodefense at George Mason University in Virginia with its director, Dr. Kenneth 
“Ken” Alibek (Col. Kanatzhan “Kanat” Alibekov). He was the First Deputy Director 
of Biopreparat from 1988–1992, the offensive biological weapons program of  
the Soviet Union. This gigantic clandestine biowarfare project, at its height, 
had 50,000+ employees. There, he oversaw projects that included weaponizing 
microbes that cause glanders, smallpox, plague, tularemia, Ebola, and Marburg, 
and the creation of a new “battle strain” of anthrax. The size and scope of 
the Soviet Union’s bioweapon’s efforts were truly staggering. They stockpiled tons 
of anthrax bacilli and smallpox virus, some for use in intercontinental ballistic 
missiles. Dr. Alibek gifted me his superb book, titled Biohazard,8 excerpts of 
which I have continued to use in the classroom for the past 15 years. The subtitle 
for the book, “The chilling true story of the largest covert biological weapons 
program in the world—Told from the inside by the man who ran it,” is 
an appropriate summary of the book’s contents. It is a must-read for any 
medical student, microbiologist, policy-maker, or health-care professional. The 
book highlights that (i) despite international conventions banning bioweapons 
development, secrecy regarding genetic manipulation of microbes to enhance their 
pathogenicity and virulence is a reality at state-run labs of numerous countries; and 
6M. R. Gordon, W. P. Strobel, and D. Hinshaw (2021). Intelligence on sick staff at Wuhan lab fuels debate 
on Covid-19 origin. Wall Street J., May 23 issue. Among the first 27 documented hospitalized patients, 
most cases were epidemiologically linked to Huanan Seafood Wholesale Market, a wet market that sold 
live animals, including wildlife. On December 31, 2019, the Wuhan Municipal Health Commission notified 
the public of a pneumonia outbreak of unidentified cause and also informed the WHO. 

7D. Ricker. (2020). Suing China for COVID-19. ABA J., August/September issue, page 17.
8K. Alibek and S. Handelman. (1999). Biohazard. Random House, New York, NY.
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(ii) the potential that the world’s most dangerous pathogens can escape from 
biosafety labs, including the controversial biosafety level-4 (BSL-4) labs, is typically 
maintained as a state secret. Given this backdrop, it is possible that the Wuhan 
Institute of Virology created the SARS-CoV-2 virus via genetic engineering and 
it accidently leaked out into the nearby wet market, resulting in the current 
COVID-19 pandemic. If this did happen, it also points to the wider concern many 
experts have had that microbial leaks, even at BSL-4 labs like the one in Wuhan, 
present serious public health concerns. In fact, concerns were raised during the 
certification of the Wuhan Institute of Virology as meeting the standards of BSL-4 
back in 2017: “Some scientists outside China worry about pathogens escaping, 
and the addition of a biological dimension to geopolitical tensions between China 
and other nations ... The SARS virus has escaped from high-level containment 
facilities in Beijing multiple times.”9 Such worries are real with documented 
leaks provided as evidence. Elaborate coverups, which possibly are also underway 
at Wuhan, are typical of dictatorships like China and Russia.10 Tighter security 
is needed at BSL-4 labs to prevent theft, accidents, or terrorism.

1.4 COVID-19 Vaccines: Facts and Fiction

I hope that someday the practice of producing cowpox in human beings will spread 
over the world—when that day comes, there will be no more smallpox.

—Edward Jenner

Without equity, pandemic battles will fail. Viruses will simply recirculate, and perhaps 
undergo mutations or changes that render vaccines useless, passing through the 
unprotected populations of the planet.

—Laurie Garrett

Vaccines and immunizations are among the most effective public health 
interventions of the last century. They represent great strides in taming or 
conquering microbial diseases. By some estimates, 2.5 million child deaths around 
the world are prevented each year by immunization. According to recent Centers 
for Disease Control and Prevention (CDC) data, routine childhood vaccinations 
prevented 732,000 early deaths from 1994 to 2013.

1.4.1 The First COVID-19 Vaccines

Thankfully, there was positive news in early 2021 in the battle against 
SARS-CoV-2, though the war is far from won. Here in the US, the massive $10 billion 
investment of the Trump administration in Operation Warp Speed to fast-track 

9D. Cyranoski. (2017). Inside China’s pathogen lab. Nature 554:339–340. 
10See, F. Frischknecht. (2003). The history of biological warfare. EMBO Reports 4:S47–S52: “In 1979, the 

Soviet secret police orchestrated a large cover-up to explain an outbreak of anthrax in Sverdlovsk, 
now Ekaterinburg, Russia, with poisoned meat from anthrax-contaminated animals sold on the black 
market. It was eventually revealed to have been due to an accident in a bioweapons factory, where 
a clogged air filter was removed but not replaced between shifts.” 

COVID-19 Vaccines
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the development of SARS-CoV-2 vaccines within one year has paid dividends and 
resulted in a dozen or more potential vaccine candidates. Importantly, a few 
vaccines have been approved under an emergency use authorization (EUA)11 
and made available in the US, albeit the rollout has been disastrous. Currently, 
there are six approved vaccines authorized for use in select countries (Fig. 1.5a–c 
and Table 1.1): mRNA-1273 (Moderna/NIAID), BNT162b2 (Pfizer-BioNTech),  
Ad26.COV2.S (Johnson & Johnson/Janssen), ChAdOx1 nCoV-19 (University of 
Oxford/AstraZeneca), Gam-COVID-Vac/Sputnik V (Gamaleya Research Institute 
of Epidemiology and Microbiology, Russia), and BBIBP-CorV (Sinopharm/Beijing 
Institute of Biological Products, China). Based on published clinical trial data,12 
their efficacies range from 65.5% to 94.6% in preventing symptomatic COVID-19. 
The overall efficacies of the three FDA-authorized vaccines currently marketed 
in the US13 (e.g., Pfizer-BioNTech, Moderna, Johnson & Johnson/Janssen)14 tested 
prior to the emergence of deadlier variant varieties are in the 90%+ range. I am 
not sure how effective any of these first generation vaccines will be once they 
encounter multiple virulent variants of SARS-CoV-2.

Preliminary data reported in May 2021 from a trial of more than 600 people 
are the first to show the benefits of combining different vaccines (heterologous 
prime-boost). Such mix-and-match COVID-19 vaccination strategies may 
trigger stronger, more robust immune responses than will two doses of a single 
vaccine while simplifying immunization efforts where vaccine supplies are less 
reliable. I wonder what the long-term safety data of such an approach will be given 
that RNA vaccines (in contrast to traditional vaccines) tend to trigger stronger 
side effects with added doses?

It is important to note that for other coronaviruses, such as the common cold 
virus (SARS-CoV) and the MERS virus, immunity declines over time. But, at this 
stage, it is uncertain as to how long antibodies and immunity lasts for those 

11In certain emergencies, the FDA can issue an EUA to provide more timely access to critical medical 
products (including medicines and tests) when there are no adequate, approved, and available 
alternative options.

12There were 549 clinical trials on COVID-19 recorded in early April 2020. By January 2021, there were 
already 4,000 studies registered. Available at: https://www.globaldata.com/covid-19-clinical-trials-
increased-639-us-leading-way/ (accessed on June 8, 2021).

13Traditional vaccines contain ingredients to generate an immune response, usually protein fragments 
(active agents) of the microbe that causes the disease along with preservations and excipients (inactive 
agents). In the case of the COVID-19 vaccine, instead of using the whole virus to generate an immune 
response, vaccines formulations comprise RNA sequences correspond to the coronavirus’ outer 
spike proteins, which are what antibodies use to recognize the virus. In other words, the genetic 
code used by the virus to synthesize the spike proteins is the active agent in the vaccine formulation. 
The RNA is protected by a lipid coating, forming a nanoparticle (technically it is a nanomedicine). 
When injected into a patient, the RNA enters healthy cells where it helps orchestrate the production 
of coronavirus spike proteins, kickstarting the immune system and producing antibodies.

14Two vaccines not (yet) available in the US are Oxford-AstraZeneca and Novavax. For an excellent 
comparison of all vaccines, see: Comparing the COVID-19 vaccines: How are they different? Available 
at: https://www.yalemedicine.org/news/covid-19-vaccine-comparison (accessed on June 8, 2021). 
Also see: COVID-19 vaccine & therapeutics tracker. Available at: https://biorender.com/covid-vaccine-
tracker (accessed on June 8, 2021). 

https://www.globaldata.com/covid-19-clinical-trials-increased-639-us-leading-way/
https://www.globaldata.com/covid-19-clinical-trials-increased-639-us-leading-way/
https://www.yalemedicine.org/news/covid-19-vaccine-comparison
https://biorender.com/covid-vaccine-tracker
https://biorender.com/covid-vaccine-tracker
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vaccinated, or even those exposed to the virus. In my assessment, we will require 
regular booster shots for the virus as novel variants continue to emerge and as 
COVID-19 morphs into a chronic multisystemic viral disease. More effective vaccines 
of broader scope, preferably single-shot, are urgently needed.15

As countries roll out vaccines against the SARS-CoV-2 virus, studies are under 
way to determine whether shots can also stop viral transmission as this could be 
critical to bringing the pandemic under control but only if enough people 
are vaccinated. Some studies suggest that some vaccines are likely to have a 
transmission-blocking effect. However, this is not easy to establish because a drop 
in infections can be due to other factors, such as lockdowns and personal behavior.

Figure 1.5a How viral vector COVID-19 vaccines work. Courtesy of the CDC.

15In May 2021, the UK’s Medicines and Healthcare products Regulatory Agency (MHRA) announced that 
it had approved a single-shot coronavirus vaccine developed by Johnson & Johnson/Janssen. However, 
it is 67% effective overall at preventing moderate to severe COVID-19, with studies suggesting that it 
also offers complete protection from admission to hospital and death. According to Johnson & Johnson, 
the vaccine works across multiple variants of coronavirus.
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Figure 1.5b Three vaccine types for forming SARS-CoV-2 proteins to prompt an 
immune response: (1) RNA vaccine, (2) subunit vaccine, (3) viral vector vaccine. 
Courtesy of the Government Accountability Office.

Figure 1.5c Vaccine platforms being employed for SARS-CoV-2. Whole virus vaccines 
include both attenuated and inactivated forms of the virus. Protein and peptide subunit 
vaccines are usually combined with an adjuvant to enhance immunogenicity. The main 
emphasis in SARS-CoV-2 vaccine development has been on using the whole spike protein 
in its trimeric form, or components of it, such as the RBD region. Multiple non-replicating 
viral vector vaccines have been developed, particularly focused on adenovirus, while 
there has been less emphasis on the replicating viral vector constructs. Source: K. L. Flanagan, 
et al. (2020). Progress and pitfalls in the quest for effective SARS-CoV-2 (COVID-19) 
vaccines. Front. Immunol. 11:579250.
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Figure 1.5d Timeline of vaccine production and approval. Abbreviations: BP, BioNTech/ 
Pfizer; M, Moderna; AZ, Oxford/Astra Zeneca; J&J, Janssen/Johnson and Johnson; NV, 
Novavax; SPV, Sputnik V; CoV, CoronaVac; Ad5, Ad5-nCOV; BCG, Mycobacterium bovis. Blue 
arrows, phase I/II trials; green arrows, phase III trials; yellow arrows, roll out; purple star, 
(anticipated) approval date. Trial start dates were taken from http://www.clinicaltrials.
gov. Approximate end dates of phase I/II trials are the publication dates. End points for 
unpublished trials are guesses by the author. For the last three vaccines, a guess for 
an approval date was not possible. Note that all start and end dates of trials, as well as 
approval dates are approximations. Source: B. M. Prüβ (2021). Current state of the first 
COVID-19 vaccines. Vaccines 9(1):30.

Table 1.1 Major CoVID-19 candidate vaccine platforms in clinical evaluation

Vaccine 
name

Vaccine 
platform Developer Clinical trial phase Clinical trial registrations

BNT162b1/
BNT162b2

RNA-based 
vaccine

Pfizer-BioNTech, 
Fosun Pharma

Phases I–III in USA, 
Germany, and China

NCT04368728, 
NCT04380701, 
NCT04523571

mRNA-1273 RNA-based 
vaccine

Moderna, NIAID Phases I–III in USA NCT04470427, 
NCT04405076, 
NCT04283461

INO-4800 DNA 
plasmid 
vaccine

Inovio 
Pharmaceuticals, 
International 
Vaccine Institute

Phases I–III in USA NCT04447781, 
NCT04336410

GX-19 DNA 
plasmid 
vaccine

Genexine 
Consortium

Phases I and II in 
South Korea

NCT04445389

(Continued)

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
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Vaccine 
name

Vaccine 
platform Developer Clinical trial phase Clinical trial registrations

ChAdOx1 
nCov-19 
(AZD1222)

Adenovirus 
vector, non-
replicating

University 
of Oxford, 
AstraZeneca

Phases I–III in UK, 
South Africa, USA 
and Brazil

NCT04324606, 
ISRCTN89951424, 
EudraCT2020-001228-32, 
PACTR202006922165132, 
EudraCT2020-001072-15

Ad26.CoV2-S Adenovirus 
vector, non-
replicating

Johnson & 
Johnson

Phases I–III in  
USA and Belgium

NCT04436276 
NCT04505722 
NCT04535453 
NCT04509947

Ad5-nCoV Adenovirus 
vector, non-
replicating

CanSino Biologics 
Inc., Beijing 
Institute of 
Biotechnology

Phases I and II; 
phase II studies in 
China and Canada

ChiCTR2000031781, 
ChiCTR2000030906, 
NCT04341389 
NCT04313127

Gam-COVID-
Vac

Adenovirus 
vector, non-
replicating

Health Ministry 
of the Russian 
Federation

Phases I–III in Russia NCT04530396 
NCT04436471 
NCT04437875

PiCoVacc Inactivated 
SARS-CoV-2

Sinovac Biotech Phases I–III; phase 
III in China and 
Brazil

NCT04456595, 
NCT04383574, 
NCT04352608

COVID-19 
vaccine

Inactivated 
SARS-CoV-2

Sinopharm, 
Wuhan Institute 
of Biological 
Products Co. Ltd

Phases I–III in China ChiCTR2000034780, 
ChiCTR2000031809

BBIBP-CorV Inactivated 
SARS-CoV-2

Sinopharm, 
Beijing Institute 
of Biological 
Products Co. Ltd

Phases I–III in China 
and United Arab 
Emirates

ChiCTR2000034780, 
ChiCTR2000032459

SCB-2019 Protein 
subunit

Clover 
Pharmaceuticals, 
GlaxoSmithKline, 
Dynavax

Phase I in Australia NCT04405908

NVX-
CoV2373

Protein 
subunit

Novavax Phases I–III in 
Australia, USA and 
UK

NCT04368988 
NCT04583995 
NCT04533399

Source: C. Wang, Z. Wang, G. Wang, et al. (2021). COVID-19 in early 2021: current status and looking 
forward. Sig. Transduct. Target. Ther. 6:114.

Another important point is whether asymptomatic individuals can serve as 
viral carriers. Early data indicate that vaccines will likely help prevent 
asymptomatic transmission, although most of it is not peer-reviewed. Still, it is 
worth mentioning. For example, data from the Israeli Health Ministry and Pfizer 
demonstrated an 89% reduction in both symptomatic and asymptomatic infections 

Table 1.1 (Continued)
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following vaccination while a vaccine trial by Johnson & Johnson found that its 
vaccines prevented asymptomatic infection in 74% of recipients. Even based on 
this incomplete picture regarding asymptomatic viral spread, I cannot underscore 
enough the need for universal vaccination.

1.4.2 Emergence of SARS-CoV-2 Variants 

Over time, viruses are prone to mutations of their genomes which arise from 
random genomic changes as they replicate in an infected person. This results 
in variants that may have different characteristics than their ancestral strains. 
Variants pose different concerns of differing degrees. These relate to their: 
(i) transmissibility (propensity to spread); (ii) virulence (severity of illness); 
(iii) neutralization capacity (likelihood they will infect people who have recovered 
from a previous bout of COVID-19), and (iv) potential impact on vaccination 
through their ability to evade immunosurveillance.

The SARS-Cov-2 genomic RNA is unusually large, the RNA polymerase is 
error-prone, and mutations accumulate with increasing frequency during infections. 
With continued uncontrolled viral replication and infection, mutations that give 
the virus a fitness advantage will emerge. Obviously, SARS-CoV-2 variants16 that 
are more virulent or infectious—or both—are of particular concern. According 
to a few studies, SARS-CoV-2 shares approximately 50–79% of its genetic 
sequence with MERS-CoV and the first coronavirus, SARS-CoV. Also, interestingly, 
SARS-CoV-2 shares the receptor-binding domain structure with SARS-CoV.

Monitoring the coronavirus for key mutation(s) in important genomic regions 
is critical. Most mutations may not affect the virus’s virulence or transmissibility 
because they do not alter the major proteins involved in infection. These are 
eventually outcompeted by variants with mutations that are more beneficial to 
the coronavirus. Since the genome sequence of SARS-CoV-2 was first reported 
in January 2020, thousands of variants have been reported. Most of the genetic 
and antigenic variations are innocuous and do not contribute to enhanced 
virulence or infectivity. However, the emergence of a few, referred to as variants 
of concern (VOCs), have caused considerable consternation. Generally, VOCs have 
one or more mutations that confer worrisome epidemiologic, immunologic, or 
pathogenic properties. The B.1.1.7 lineage (or VOC 202012) variant was the first 
VOC described in the UK in late December 2020 (Fig. 1.6). This variant is 
considerably more contagious than the original virus and recent evidence 
indicates that infection with this B.1.1.7 variant also comes with an increased 
risk of severe illness and death. A second variant, the B.1.351 lineage (or 501Y.V2) 
was reported in South Africa in late 2020. A third VOC, B.1.1.248/B1.1.28/P1 
(or 501Y.V3), was reported in Brazil in early January 2021. As of May 2021, all 
three variants have been found in the US. A fourth variant, the 20A.EU1 variant, 
16During replication, a virus often undergoes genetic mutations that may create what are called 

variants (sometimes referred to as strains). Some mutations weaken the virus while others may yield 
some advantage that enables the variants to proliferate. A variant that deviates significantly from its 
viral ancestors may be identified as a new lineage, or branch on the evolutionary tree. 
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first identified in Spain, contains a mutation called A222V on the viral spike protein. 
According to the WHO, another VOC, labeled the B.1.617 variant, has become 
the dominant strain across India. Evidence is growing that this variant might be 
more transmissible and slightly  better at evading immunity than the existing 
variants.

Figure 1.6 False-color transmission electron micrograph of a SARS-Cov-2 B.1.1.7 
variant. A single virus particle is shown (yellow). The variant’s increased transmissibility 
is believed to be due to changes in the structure of the spike proteins (green). Image 
captured at the NIAID Integrated Research Facility in Fort Detrick, Maryland. Courtesy of NIH.

I am skeptical if vaccine companies can develop new vaccine versions promptly 
prior to the emergence of deadlier second and third generation variant waves. 
In my view, genomic surveillance is key here as it serves as an early warning system 
that can detect threatening mutations before they become more widespread. 
Furthermore, genetic variations in a virus can render diagnostic tests ineffective.17 
What makes the future of this virus so hard to predict is that it is not just the 
individual mutations that matter, but also the order and combinations in which 

17For molecular tests, their sensitivity and specificity depend on the number and location of genes that 
the test targets. Most antigen-based tests should continue to work as most are targeting the N antigen 
of the virus, a region that has so far remained conserved in the variants. But this can change in the near 
future. 
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they occur. Will SARS-CoV-2 retain its ability to cause enhanced infection and 
virulence as it mutates further and more people gain immunity through infections or 
vaccines?

1.5 Will We Ever Achieve Herd immunity?

Achieving herd immunity (Box 1.1; Fig. 1.7) requires vaccination (or natural 
infection). According to few estimates and my own calculations, given the various 
variants of SARS-CoV-2, we may need a vaccination rate of 80–90% if some 
degree of normalcy is desired. A tremendous effort will be required to achieve 
such high vaccination rates. This would mean that all adults and adolescents in 
the US will have to be fully vaccinated to approach 80% vaccination—a high bar 
indeed. Is it possible? I am not sure if this herd immunity threshold will ever be 
attainable. Here in the US, daily vaccination rates are slipping, viral variants are 
emerging, poor infectious disease management policies are reappearing, and 
many pandemic restrictions are being relaxed prematurely.

Global distribution of the COVID-19 vaccine has been lopsided.18 So far, in 
July 2021, major populations like India have only fully vaccinated 4.1% of their 
populations while here in the US the vaccination rate currently stands ~48%. BBC 
reports that as of March 2021, 80% of the vaccines have been administered to the 
developed nations while only 20% have gone to the developing nations. According 
to data collected by Bloomberg, as of May 29, 2021, countries/regions with the 
highest incomes are getting vaccinated more than 30 times faster than those with 
the lowest. In fact, data shows that more than 1.84 billion doses have been 
administered around the world—enough to only fully vaccinate 12% of the global 
population. As discussed above, this is still a far cry from what will be needed for 
herd immunity and to minimize emergence of virulent novel variants. A failure 
to vaccinate much of the developing world will leave a large reservoir of 
circulating virus, giving it the chance to mutate and spill over to developed 
countries. 

Another important point to remember is that it is hard to achieve our goal of 
herd immunity in the absence of vaccinations to infants and young people. 
By focusing solely on adult vaccination R&D, we have left out the vulnerable, 
immunologically naïve ~25% of the population that still have no available shots: 
kids. In my view, a pediatric vaccine for the disease is an urgent global health 
priority and the time for that to happen is now. This is especially true since we 
have substantial safety data from adult vaccine R&D, clinical trials, and field 
use. Vaccines given to kids will not only help curb the spread of SARS-CoV-2 but 
also protect young people who are at high risk. Big pharma is finally turning its 
attention towards this important demographic and clinical trials in adolescents 
or young children are underway.

18The COVID-19 Vaccines Global Access (COVAX) Facility, a nonprofit, is purchasing shots in bulk at a 
discount and distributing them to the world’s most resource-strapped countries.
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Box 1.1 What is herd immunity?

Herd immunity, sometimes called community immunity, is the indirect protection 
from an infectious disease that occurs when a high percentage of population 
is immune either through vaccination and/or immunity developed through 
previous infection. Theoretically, this makes the spread of the infectious disease 
from person to person unlikely. Herd immunity protects the most vulnerable 
members of the population (babies who have not received vaccinations, 
pregnant women, the immunocompromised or those on immunosuppressive 
drugs). Unlike the unethical and rash approach of Sweden, herd immunity 
against COVID-19 should be achieved through vaccination, not by exposing 
the population to the virus. Achieving herd immunity via vaccines makes 
diseases rarer and saves lives. On the contrary, letting COVID-19 spread through 
populations, of any age or health status will lead to unnecessary infections, 
suffering, and death. To safely achieve herd immunity a substantial proportion 
of a population would need to be vaccinated, lowering the overall amount 
of virus able to spread in the whole population. Although the proportion 
of the population that must be vaccinated against SARS-CoV-2 to begin 
inducing herd immunity is unknown, I believe that it could be as high as 
85–90%. This means that about 85–90% of a population will need to be 
vaccinated while the remaining 10–15% will be protected by the fact that 
COVID-19 will not spread among those who are not vaccinated.

There is also enormous confusion, disagreement, lack of scientific knowledge, 
and conflicting information pertaining to the delivery, use, and safety of 
COVID-19 vaccines. For instance, according to the latest official guidance from the 
CDC, pregnant women who are health-care personnel or essential workers “may 
choose to be vaccinated.” The major problem is that there is hardly any data 
available on COVID-19 vaccine safety with respect to pregnant women, given that 
they were excluded from clinical trials as has historically been the case.  According 
to the CDC and the FDA, preliminary data from their safety monitoring systems 
did not identify any safety concerns for pregnant women who were vaccinated or 
for their babies. Two recent research studies19 (not clinical trials) show that the 
two COVID-19 mRNA vaccines currently available in the US appear to be safe 
and effective in pregnancy, with the potential to benefit both mother and baby. 
In my view, more data derived from robust clinical trials is warranted.

19A. Y. Collier, et al. (2021). Immunogenicity of COVID-19 mRNA vaccines in pregnant and lactating 
women. JAMA e217563, doi: 10.1001/jama.2021.7563; E. D. Shanes, et al. (2021). Severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccination in pregnancy: Measures of immunity 
and placental histopathology. Obstet. Gynecol., doi: 10.1097/AOG.0000000000004457.
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Figure 1.7 Building the herd: The concept of herd immunity. When a critical portion of a 
community is immunized against a contagious disease, most members of the community 
are protected against that disease. The principle of community immunity applies to control 
of a variety of contagious diseases, including influenza, measles, mumps, rotavirus, and 
pneumococcal disease. The top box depicts a community in which no one is immunized, 
and an outbreak occurs. In the middle box, some of the population is immunized but not 
enough to confer community immunity. In the bottom box, a critical portion of the population 
is immunized, protecting most community members. Legend:  not immunized, healthy 

 immunized, healthy  not immunized, sick, and contagious. Courtesy of Tkarcher, CC BY-SA 4.0 
via Wikimedia Commons.
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1.6 Patents and COVID-19

Waiving vaccine patents to evenly manufacture and distribute COVID-19 
vaccines (and other therapeutics) around the world is a hotly debated topic in 
June 2021. This gained increased traction following the explosion of cases and 
deaths in India in May 2021. The easing of patent protections is essential in a 
pandemic. The campaign was initiated by India and South Africa, and is being 
backed by more than 100 countries, the WHO, UNAIDS, etc. The US has joined in 
and supports a waiver on intellectual property for COVID vaccines, even though 
big pharma and most developed countries do not support it. I consider this a 
historic move. As a patent agent for the past two decades, I prefer compulsory 
licensing over outright patent waivers. However, the scope of the current pandemic 
makes waivers appropriate. In addition to waivers, patent pooling is also an 
excellent mechanism to pool our global intellectual property resources and is 
suggested by many20: “We call on pharmaceutical companies to contribute to a 
pool of patents set up by the World Health Organization (WHO). That will speed 
up the manufacture of generic, affordable COVID-19 vaccines and treatments 
while protecting firms’ incentives to invest in future research … The practice of 
pooling patented technologies to produce medicines already occurs for HIV, 
hepatitis C and tuberculosis treatments. Fees are typically lower when licenses 
are negotiated as a bundle with generics producers, implying increased volume. 
Yet firms can anticipate extra revenue from participation in a voluntary pool, 
and thus be more willing to maintain innovation and share know-how than with 
compulsory licensing.” 

1.7 Vaccine Passports: Another Bad Government Idea

They that can give up essential liberty to obtain a little temporary safety deserve neither 
liberty nor safety.

—Benjamin Franklin, Historical Review of Pennsylvania, 1759

No culture can live if it attempts to be exclusive.
—Mahatma Gandhi

Jurisdictions in the US and around the world are handling the current pandemic 
in variety of ways. Some are enforcing mask mandates while others are 
passing laws where masks cannot be forced upon a person. Some are using 
contact-tracing applications and systems to conduct “viral surveillance” while 
others are passing laws that grant citizens complete freedom to decide if they 
should participate in such programs. Some issue stringent requirements for social 
distancing while others forbid such actions. Some are passing regulations about 
self-isolation and quarantines while others are not. The list goes on and on. 
In essence, we have a maze of confusing policies, along with protests, dissent, 
20E. B. de Villemeur, et al. (2021). Pool patents to get COVID-19 vaccines and drugs to all. Nature 591:529.
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shutdowns, riots, pandemic fatigue, and fear. In this crisis, we have to balance 
competing legal, ethical, medical, privacy, and moral principles. Easier said than done. 
In this backdrop, I discuss below the concept of “vaccine or immunity passports,” 
and why they are a bad idea.

Immune response to SARS-CoV-2 is a complex topic. For instance, an immune 
response to the live virus is different from the response to a single viral protein 
introduced via a vaccine. And then there are those who have been vaccinated 
following COVID-19. Our knowledge regarding the humoral immune response to 
SARS-CoV-2 has been rapid, though areas of uncertainty persist. We are a long way 
from understanding the characteristics of the antibody response, its dynamics 
over time, its determinants, and the immunity it confers to different age groups 
and disease. On the other hand, relatively less is known about cell-mediated 
immunity to SARS-CoV-2. We are slowly learning more. For example, a recent 
report21 demonstrated that blood levels of antibodies fall sharply following acute 
infection, while memory B cells remain quiescent in the bone marrow, ready to act 
as needed.

In any case, clinical, policy, and economic implications will be greatly driven by 
our knowledge of the immunology of SARS-CoV-2. These include the proposed 
use of an “immunity passport” or a “risk-free certificate,”22 a form of certification 
for individuals with positive detection of antibodies that can enable them to avoid 
quarantine, and allow them to travel or to return to work. The assumption is 
that they are protected against reinfection. But, what about reinfection from 
variants that are undetectable via current tests? What about reinfection from an 
asymptomatic carrier state following infection?

The idea is being floated in Germany, the United Kingdom, and other nations. 
Australia, Denmark, and Sweden have committed to implementation; and Israel is 
already issuing “green passes” to vaccinated residents. Hungary has introduced 
a policy allowing people to enter the country if they can provide evidence that 
they have already recovered from COVID-19. Iceland is planning on introducing a 
similar policy that will allow people who have already had COVID-19 to be exempt 
from the nationwide mask mandate. The European Union plans a “Digital Green 
Certificate” enabling free travel within the bloc. Although travel eligibility has 
been the primary focus here, some use these certificates to regulate access to 
social events, recreational activities, sporting arenas, theatrical performances, 
and more. New York’s “Excelsior Pass” permits attendance at theaters, arenas, 
event venues, and large weddings. Airlines could soon introduce “vaccine passports” 
to facilitate international travel.

Currently, in this evolving pandemic, the issue of immunity passports is a 
poor proposal given the uncertainties relating to COVID-19 immunity. There is 
simply not enough evidence about the effectiveness of antibody-mediated immunity 

21J. S. Turner, et al. (2021). SARS-CoV-2 infection induces long-lived bone marrow plasma cells in 
humans. Nature, https://doi.org/10.1038/s41586-021-03647-4.

22Technically, any documentation that proves a full dose of COVID-19 vaccination can be considered 
a vaccine passport. Presently, yellow fever is the only disease indicated in the International 
Health Regulations for which nations may require vaccination proof as a condition for entry. 
Obviously, WHO can recommend (via advisories) that countries require vaccination proofs.

https://doi.org/10.1038/s41586-021-03647-4
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to guarantee such certification.23 As discussed earlier, the data is incomplete on 
asymptomatic spread in vaccinated individuals. Such certificates falsely assume 
that a second infection will not occur if a person has recovered from COVID-19, 
has had a positive COVID-19 test, or has been vaccinated. Immunity passports 
also raise ethical, legal, and practicality issues, doubtful economic benefits, 
privacy concerns, and the risk of discrimination. In fact, they may lull individuals 
into a false sense of security, leading them to ignore public health advice and 
increasing the risks of continued viral spread. Even if immunity passports were 
limited to health-care personnel, the number of tests required would be unfeasible. 
Many respectable health organizations, medical societies, religious leaders, and 
medical editors have opposed vaccine passports. 

1.8 COVID-19 Testing

You’re paying billions of dollars in this very inequitable way to get the most 
worthless test results of any country in the world. No other country has this 
testing insanity.

—Bill Gates

In February 2020, the FDA began authorizing tests to diagnose active COVID-
19 infections. During a crisis, the FDA can grant an emergency use authorization 
(EUA) for medical products using a lowered approval standard rather than 
the full approval based upon more extensive evidence. According to the FDA: 
“The EUA process is different than FDA approval, clearance, or licensing because 
the EUA standard requires less evidence than the full approval, clearance, or 
licensing standard. Under an EUA, the data must show that a product may be 
effective and that the known and potential benefits outweigh the known and 
potential risks. This enables the FDA to authorize the emergency use of medical 
products that meet the criteria within days or weeks rather than months to years. 
The FDA has prioritized review of EUA requests for tests where authorization 
would increase testing accessibility (such as point-of-care (POC) tests, home 
collection tests, and at-home tests) or would significantly increase testing capacity 
(such as tests that reduce reliance on test supplies and high-throughput, widely 
distributed tests).”

Serology tests (i.e., antibody testing) are critically important for virus 
outbreaks. Also, it is important that national and international regulatory agencies 
like the FDA and EMA not approve substandard serology tests to be marketed 
or unauthorized products to appear in the marketplace. Unfortunately, this 
did happen and made viral testing confusing and unreliable. This reflected the 
broader problem with governments who were ill equipped to handle a pandemic. 
Clearly, they lacked a coordinated preparedness plan and there was over reliance 
on their antiquated regulatory system, or they approved COVID-19 tests 
23As of the June 2021, there is no conclusive data that establishes with certainty that the presence of 

antibodies to SARS-CoV-2 confers immunity to subsequent infections. I strongly believe that we will 
require booster shots periodically. 
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under extreme political and public pressure. Maybe, it would be helpful to be 
proactive and evaluate test performance prior to global microbial outbreaks? 
A common approach to validating test design and performance is urgently needed 
and federal governmental agencies need to step up their game in this regard. 
Independent assessment of molecular diagnostic, antigen, and serology test accuracy 
is needed. Along with this, test developers and biomedical researchers should 
receive robust and coordinated assistance from national and international 
mechanisms in obtaining patient specimens or other clinical samples to validate their 
tests.

Table 1.2 Coronavirus disease 2019 testing basics: comparing diagnostic and antibody 
tests. Courtesy of the FDA.
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No test can ever be 100% accurate. Any COVID-19 test’s performance will vary 
and is based on disease prevalence in the tested population. In fact, diagnostic 
tests may be less accurate in populations with a low prevalence of disease and 
in asymptomatic individuals, individuals who shed little virus, or individuals 
who are early or late in the course of illness. We all know that tests are rated on 
their sensitivity and specificity. In simple terms, sensitivity of a test is defined as 
the fraction of positive cases that the test correctly identifies as positive, and 
specificity of a test is defined as the fraction of negative cases that the test 
correctly identifies as negative. A highly sensitive test will generally have a low 
false negative rate but will run a risk of false positives if the test’s specificity is 
low. A highly specific test will generally have a low false positive rate but will run a 
risk of false negatives if the test’s sensitivity is low. To reduce the risk of false 
negative results, it is important to perform the test in accordance with its 
authorization and as described in the authorized labeling. To mitigate the false 
results, most COVID-19 tests are ordered by clinicians and are prescription-only 
so that the results can be interpreted for patients. Any tests authorized for 
non-prescription use (i.e., direct-to-consumer (DTC) or over-the-counter” (OTC) 
use), directs patients to consult their health-care provider for result interpretation. 
There are two different types of tests—diagnostic tests and antibody tests, as 
discussed in Table 1.2 and Fig. 1.8. The latest guidance (dated May 13, 2021) 
for antigen testing for SARS-CoV-2 is available on the CDC’s website (https://www.
cdc.gov/coronavirus/2019-ncov/lab/resources/antigen-tests-guidelines.html).

Figure 1.8 Diagnostic tests with alternative options. Courtesy of the FDA.

https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antigen-tests-guidelines.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antigen-tests-guidelines.html
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One of the most important aspects of COVID-19 testing centers around 
interpretation of results. In fact, there are problems with interpretation of serology 
test results to inform patient care. These problems continue to this day. Again, the 
role of federal agencies is paramount here as well. The misuse of serology tests for 
diagnosis; the potential for false positive results when a single test is used in 
populations with a low rate of infection; and the perception of immunity can all result 
in a skewed picture of the pandemic. This leads not only to misdiagnosis but also 
imposition of improper quarantine and other restrictive measures.

1.9 COVID-19 Convalescent Plasma: Is There a Benefit?

I need hardly add that the fight against cattle tuberculosis only marks a stage on 
the road which leads finally to the effective protection of human beings against the 
disease.

—Emil Adolf von Behring, Nobel Lecture, 1901

Intravenous human immunoglobulin delivery for prophylaxis and treatment 
is well known for numerous microbial diseases. Passive immunotherapy24 has 
been used since the late 19th century. In fact, the first Nobel Prize to von Behring in 
1901 was awarded for passive serum therapy (immune serum containing 
neutralizing antibodies) for patients with diphtheria. During the Spanish Flu of 
1918, serum from convalescent (recovered) patients was used. Similarly, its use is 
advocated for the treatment of patients with COVID-19.25 The idea is to give 
convalescent plasma to an infected patient (i.e., that person is getting antiviral 
antibodies) because it may take weeks to produce his/her own antibodies while the 
virus can continue replicating unchecked. Convalescent plasma (“survivor’s 
plasma”) can be used for prophylaxis of high-risk people before they get infected 
or for treatment of patients who are already infected but are not fighting the 
virus well. Plasma harvested from convalescent COVID-19 patients, containing 
antibodies against SARS-CoV-2, can be used in two ways (Fig. 1.9). The primary 
proposed protective mechanism here is neutralization, via the delivery of antibodies, 
although antibody-dependent cellular cytotoxicity and phagocytosis may also 
play a role.

I wish to point out that despite what the FDA says, use of convalescent 
plasma therapy against SARS-CoV-2 is not a simple or straightforward issue26: 
“At this time, convalescent plasma should be reserved for patients in whom the 
duration, severity, and risk of progression of illness are similar to those in the 
patients in this trial. Younger high-risk patients (and certain immunodeficient 
patients) with these disease characteristics should be considered as well. 
Uncontrolled compassionate use of convalescent plasma in patients other than those 
with an early infection that is likely to progress to more severe illness should be 

24On the other hand, vaccination therapy is a form of active immunotherapy.
25More than 100,000 people in the United States and many more worldwide have already been treated 

with it since the pandemic began.
26L. M. Katz. (2021). (A little) clarity on convalescent plasma for COVID-19. N. Engl. J. Med. 384(7): 

666–668.
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discouraged, even though clinicians recognize how difficult it can be to “just stand 
there” at the bedside of a patient in the ICU.”

In my view, antibody cocktails in test tubes can never be equated to vaccines 
for a variety of reasons, including the effectiveness of the latter in priming humoral 
and cellular arms of the immune system. Also, there is data that antibody cocktails, 
such as those currently being tested by Regeneron and Eli Lilly, may be less 
effective against mutations present in the B.1.351 variant of SARS-CoV-2. Several 
published randomized controlled trials were halted early due to concern regarding 
a lack of benefit, low enrollment, or the finding that most recipients had baseline 
neutralizing antibodies with similar titers to the donors. In March 2021, the NIH 
halted a clinical trial evaluating the safety and effectiveness of COVID-19 convalescent 
plasma in treating emergency department patients who developed mild to 
moderate symptoms of COVID-19.

Figure 1.9 Overview of the use and applications of convalescent plasma therapy. 
Source: D. Montelongo-Jauregui, et al. (2020). Convalescent serum therapy for COVID-19: 
a 19th century remedy for a 21st century disease. PLoS Pathog. 16(8):e1008735.

1.10 Looking Back and Moving Forward: Will We Win?

… have the infectious diseases that we observe today always existed? Or have some of 
them appeared in the course of history? Can we assume that new ones will appear? 
Can we assume that some of these diseases will disappear? Have some of them already 
disappeared? Finally, what will become of humanity and domestic animals if, as a 
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result of more and more frequent contacts between people, the number of infectious 
diseases continues to increase?

—Charles Nicolle, Destin des maladies infectieuses, 1933

Alone we can do so little; together we can do so much.

—Helen Keller

The final trajectory of the pandemic is impossible to predict given that our track 
record for eliminating viruses has been a poor one. Wuhan, China, was ground 
zero for SARS-CoV-2 but now we are in this together and to survive we will need 
a concerted effort. Disease spread is inevitable in our interconnected world. 
In fact, for decades experts have warned us of impending danger, recommended 
setting surveillance programs to recognize emerging/reemerging microbes, and 
proposed methods of intervention.27

Ending, or at least stabilizing, the current pandemic and addressing future 
public health emergencies should be the focus. How people and health systems 
respond to the current pandemic will be key, not only to planning for and 
protecting from emerging microbes of the future, but for maintaining economic 
and political stability for the 2020s and beyond. Public health infrastructures, 
big pharma, a wealth of drugs, hospitals, health-care providers, and scientists, 
all have fared poorly to contain this pandemic. The volatile mix of politics (Box 
1.2), globalization, national rivalries, inept health organizations, misinformation, 
arrogance, and ignorance all fueled the development and spread of COVID-19. 
In the critical early phases, nations failed to implement basic infectious disease 
control management measures such as data gathering, testing, contact tracing, 
quarantines, and distribution of critical medical supplies to health-care providers.

Box 1.2 COVID-19 and politics: disarray, blame, and mismanagement

The highly politicized response to the pandemic did not help. Politicians 
certainly share a major portion of blame for the pandemic and its perpetuation. 
Political leaders either failed to follow established basic pandemic-response 
plans or never fully and reliably funded existing pandemic plans. The 
haphazard and disjointed approach of political leaders and health-care 
organizations shows how miserably they have failed in addressing the 
seriousness that this microbe poses with respect to its impact on society, 
political stability, and the economy. We have so much talent and brilliance on 
this planet, yet it is stifled by politicians, religious leaders, and fanatics. 
Societal divisiveness and political upheaval continue to cause us to stumble

27J. Lederberg, R. E. Shope, and S. C. Oaks, Jr. (1992). Emerging Infections: Microbial Threats to Health 
in the United States. National Academies Press, Washington, DC. M. S. Smolinski, M. A. Hamburg, and 
J. Lederberg. (2003). Microbial Threats to Health: Emergence, Detection, and Response. National Academies 
Press, Washington, DC.

(Continued)
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as we struggle to convince citizens to get vaccinated or follow the latest 
guidelines. This dangerous trajectory is likely to continue for years. Coordinated 
preparation and action was critical. Instead, government leaders, healthcare 
organizations, and society failed to provide an effective response. Demands 
for freedom pushed aside commonsense approaches crucial to tackling a 
serious infectious microbe. 
The misinformation pandemic has created confusion. Objectivity and fairness 
in journalism has been supplanted by “opinion news,” championed by cable- 
news networks like CNN, Fox News, and others. Inaccurate reporting of the 
pandemic has been costly with lives lost here at home and throughout the 
world. It is dangerous to have self-annotated experts provide viewpoints rather 
than medical facts. 
Many political leaders from Britain to Brazil to India ignored advice of their 
own health advisors. They found political gain more expedient. They continued 
to hold vast rallies at super spreader events. They even belittled those 
who were seriously ill with COVID-19. Some of them spun the pandemic to 
shine a spotlight on themselves and highlight their own perceived achievements. 
Authoritarians and politicians always seize the megaphone for themselves. 
A classic example is that of “Dr.” Andrew M. Cuomo, the now disgraced governor 
of New York state, who gave daily briefings and PowerPoint presentations 
on TV. He authoritatively ticked through the latest statistics on infections, 
hospitalizations, nursing homes patients, and deaths—all sprinkled with 
medical  errors and politics. Many called it “The Andrew Cuomo Show.” 
It was especially painful for me to watch this arrogance on display 
while my helpless 85-year-old mother languished in a private nursing home 
in New York state, whose health department had lost control over the 
pandemic along with nursing home data. It was clear that this corrupt 
politician only cared about his ratings and image.
Health-care agencies tasked with springing into action during a pandemic 
have also been in disarray and not fared much better than the politicians that 
controlled them. The WHO correctly received poor marks and harsh criticism 
for its passivity in the face of the pandemic. Since the Centers for Disease 
Control and Prevention failed miserably in the early phase of the pandemic 
and played a side role, some labeled it the “Centers for Disease Observation.” 
The FDA was a mess as well with the rollout of its COVID-19 testing. It became 
clear that a large proportion of COVID-19 negative results were inaccurate 
(“false negatives”) because of an issue inherent in the tests’ design resulting 
from inadequate regulatory reviews.
Handling a pandemic in a decentralized manner where local politicians 
dictate events is not an ideal approach. However, this is the flaw that we must 
endure in a democracy where government power is not concentrated and 
there is a patchwork of decentralized mechanisms to address pandemics. 
Microbes do not recognize boundaries, timelines, politics, or policies, but rather 
feed on chaos, arrogance, global conflicts, confusion, and divisiveness.

Box 1.2 (Continued)
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The disastrous start with inaccurate and chaotic testing has continued with 
vaccination rates far below what would be considered as potentially rendering 
herd immunity. Due to globalization, the risk of pandemics is shared by the entire 
planet, but vaccines, testing, and therapeutics remain prioritized to exclusive, 
usually wealthy nations. Obviously, while it may make us feel safer here in 
the US, variants from the developed world will evolve further and infect the 
globe. This is likely to reduce efficacy or render useless the current generation of 
vaccines here.

So, have we learnt any lessons? One is the need for integration between 
science and policy. Another is that accurate dissemination of information to the 
public is essential. Trust is the primary currency of good crisis communication 
and political leaders quickly lost trust with inaccurate, untimely, inconsistent 
policies, and information. In a foreshadowing of COVID-19 outbreaks all over 
the world, health-care systems and facilities were completely overwhelmed. 
Unfortunately, this vicious cycle continues to play out as the pandemic roars on 
from one epicenter to another. A flattening of the curve in one region will lead to a 
peak elsewhere. Today we may rejoice lowered infections here in the US only to 
repent a spike in the months to follow, only this time the attack may be with 
virulent variants. An epidemic in one spot may morph into a pandemic in another 
area. Hopefully, we will not become complacent as we feel secure and consider 
this someone else’s problem. Our track record is poor as after each disease threat 
faded, so did urgency and governmental funding. Flexible adaptation is key to 
managing pandemics. What is a great approach today may need to be modified 
or discarded tomorrow in favor of policies that are more sensible. A reasonable 
leeway for balancing protection of public health with a return to pre-pandemic life 
is essential, though I am doubtful that we will ever return to pre-pandemic 
normalcy. In my view, here and abroad, we will continue to face a patchwork of 
ineffective policies, poor contact tracing efforts, and inequitable vaccination rates, 
as novel variants evolve.

Let us not lose sight of the fact that while we may be far from others in 
distance and perspective, we are brought nearer in our common conflict with 
this deadly nanoparticle, the SARS-CoV-2. This is a story of humanity, of fear and 
resignation, of compassion and dilemma, of persistence and hope. As global 
citizens, the pandemic has made painfully real our interconnectedness while 
also strengthening us with the many acts of kindness and compassion that serve 
as a uniting thread.

The solutions for pandemic control are well-known, based on lessons from 
the past. They include adequately investing in public health systems to detect early 
signs of a microbial outbreak; ensuring that public and private labs collaborate 
on testing, tracing, and quarantining people exposed to an infection; ensuring 
an adequate supply of facilities (hospital beds, personal protective equipment, 
drugs, health-care staff, and medical supplies); and investing in an efficient R&D 
infrastructure to develop, scale up, and distribute vaccines and therapeutics.

Declaring hollow victories, issuing vaccine passports, ignoring contact tracing, 
or hoarding vaccines and therapeutics will not ensure global safety, slow viral 
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transmission, or prevent virulent mutants from evolving. In fact, all these poor 
approaches will have the exact opposite effect. A viral wave elsewhere today will 
arrive as a spike here tomorrow. I am certain that virulent microbes will continue 
to evolve from their zoonotic reservoirs and jump to humans. This reality must spur 
everyone—lawmakers, big pharma, citizens, regulatory agencies, global health 
organizations, biomedical researchers, physicians—to examine what went wrong 
again and create a more workable plan for future outbreaks. 

After all, alone we can do so little, together we can do so much. After all, we 
are all in this together.
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100 Questions

1. Overall, how is the FDA addressing the COVID-19 pandemic? 670
2. What is the FDA’s role in approving vaccines and what is being done 

to produce a COVID-19 vaccine? 670
3. What is an Emergency Use Authorization (EUA)? 672
4. What safety and effectiveness data are required to be submitted to FDA 

for an EUA request for a vaccine intended to prevent COVID-19? 673
5. What would involve a full clinical trial for a COVID-19 vaccine? 674
6. Why should I get a COVID-19 vaccine? 675
7. Do the COVID-19 vaccines work against the new variants? 675
8. Is COVID-19 vaccine safety monitored after approval or authorization? 676
9. Can the vaccine give me COVID-19? 676

10. If I already had COVID-19 and recovered, do I still need to get 
vaccinated? 676

11. Is it safe to get a COVID-19 vaccine if I have an underlying medical 
condition? 676

12. Is it safe to get a COVID-19 vaccine if I have allergies? 678
13. Is it better to get natural immunity to COVID-19 rather than immunity 

from a vaccine? 678
14. Will the shot hurt or make me sick? 678
15. I am pregnant. Is it safe for me to get the COVID-19 vaccine? 678
16. I am breastfeeding. Is it safe for me to get the COVID-19 vaccine? 678
17. Are there long-term side effects from the COVID-19 vaccine? 679
18. How do I know if the COVID-19 vaccine is safe? 679
19. How do I report problems or bad reactions after getting a COVID-19 

vaccine? 679
20. Do I have to continue to wear a mask and avoid close contact with 

others after I have been vaccinated? 679
21. Do clinical trial results show whether vaccines are effective? 679
22. Why would the effectiveness of vaccines be different after the clinical 

trials? 680
23. How will experts evaluate the COVID-19 vaccines in real-world 

conditions? 680
24. Will assessments determine if the vaccines protect people from 

severe COVID-19 illness? 681
25. Will assessments determine if the vaccines protect people against 

mild illness? 681
26. Will assessments determine if the vaccines protect people who are 

ill with no symptoms at all? 681
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27. Who will be included in the real-world vaccine assessments? 682
28. These vaccines were produced so quickly. How do we know they are 

safe? 683
29. Will CDC continue to watch for problems with these new vaccines? 683
30. What are some of the best ways to prevent infection and illness from 

SARS-CoV-2? 686
31. Should I wear a face covering or mask when I go out in public? 687
32. Can I prevent or treat COVID-19 by using disinfectant sprays, wipes, 

or liquids on my skin? Can I inject, inhale, or ingest disinfectants to 
prevent or treat COVID-19? 688

33. Does spraying people with disinfectant lower the spread of COVID-19? 691
34. Will Miracle Mineral Solution (MMS) cure COVID-19? 691
35. Is hand sanitizer effective against COVID-19? 692
36. Why has the FDA placed alcohol-based hand sanitizers from Mexico on 

import alert? 692
37. Where can I buy hand sanitizer? Can I make my own hand sanitizer? 693
38. What do I do if I get a rash or other reaction to hand sanitizer? 693
39. What is the risk of using a hand sanitizer that contains methanol (wood 

alcohol) or 1-propanol? 693
40. Products online claim to prevent or treat COVID-19. Where can I report 

websites selling products with fraudulent claims? 695
41. Am I at risk for serious complications from COVID-19 if I smoke 

cigarettes? 695
42. If I vape tobacco or nicotine am I at risk for complications from 

COVID-19? 696
43. Does COVID-19 present a risk to the safety of the nation’s blood supply? 697
44. Can SARS-CoV-2 be transmitted by blood transfusion? 697
45. What steps are being taken to protect the US blood supply from 

SARS-CoV-2? 697
46. Why aren’t blood centers testing donors for SARS-CoV-2? 697
47. Is it safe for me to donate blood during the coronavirus pandemic? 698
48. Can COVID-19 be transmitted through human cells, tissues, or cellular 

and tissue-based products (HCT/Ps)? 698
49. What is convalescent plasma and why is it being investigated to treat 

COVID-19? 699
50. I recently recovered from COVID-19; can I donate convalescent plasma? 702
51. What does it mean to be an FDA-approved drug? 703
52. What is the FDA’s role in regulating potential treatments during a public 

health emergency? 703
53. Are there any FDA-approved (non-vaccine) therapeutics for COVID-19? 703
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54. Is Veklury (remdesivir) approved by the FDA to treat COVID-19? 709
55. Is Olumiant (baricitinib) approved by the FDA to treat COVID-19? 709
56. Is bamlanivimab, a monoclonal antibody, FDA-approved to treat  

COVID-19? 709
57. Are the monoclonal antibodies, casirivimab and imdevimab,  

FDA-approved to treat COVID-19? 709
58. Where are infusions of monoclonal antibody treatments available? 710
59. Are chloroquine phosphate or hydroxychloroquine sulfate approved  

by the FDA to treat COVID-19? 710
60. Should I take chloroquine phosphate used to treat disease in aquarium 

fish to prevent or treat COVID-19? 710
61. Are antibiotics effective in preventing or treating COVID-19? 711
62. Should I take ivermectin to prevent or treat COVID-19? 711
63. What is the FDA doing to protect people from products making 

fraudulent COVID-19 claims? 711
64. Will there be drug shortages due to COVID-19? 712
65. Am I at risk for COVID-19 from taking FDA-approved drugs made 

outside the United States? 712
66. Is there a test for COVID-19? 713
67. How are people tested for COVID-19? 713
68. Are there any at-home tests for COVID-19? 714
69. When will other diagnostic tests for COVID-19 be authorized? 714
70. What is the difference between the types of tests available for  

SARS-CoV-2? 715
71. Should I purchase PPE such as facemasks or N95 respirators for me  

and my family? 721
72. Is there a shortage of PPE such as gloves, masks, and N95 respirators  

or of ventilators? 722
73. Can 3D printing be used to make PPE? 722
74. I built a DIY ventilator using instructions I found on the internet. May I 

sell it? 723
75. What is the FDA’s role in helping to ensure the safety of the human and 

animal food supply? 724
76. Will there be food shortages? 724
77. Why is the FDA providing flexibility to food manufacturers, under 

limited circumstances during the COVID-19 public health emergency,  
to make minor changes in ingredients without reflecting those changes 
on the package label? 724
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78. What do I need to know about the temporary policy for food labeling of 
minor ingredient changes during the COVID-19 public health emergency 
if I have food allergies? 725

79. Will there be animal food shortages? 725
80. What are the most important things I need to know to keep myself and 

others safe when I go to the grocery store during the pandemic? 725
81. Are food products produced in the United States or other countries 

affected by COVID-19 a risk for the spread of COVID-19? 727
82. Can I get the coronavirus from food, food packaging, or food containers 

and preparation area? 727
83. Is the US food supply safe? 727
84. Is the US animal food supply safe? 728
85. Can I get COVID-19 from a food worker handling my food? 728
86. Should food workers who are ill stay home? 728
87. Should food facilities (grocery stores, manufacturing facilities, 

restaurants, etc.) perform any special cleaning or sanitation  
procedures for COVID-19? 728

88. What is the FDA doing to respond to foodborne illnesses during the 
COVID-19 pandemic? 729

89. What is the FDA’s role in regulating animal drugs, animal food 
(including pet food), and animal medical devices? 730

90. Can I give my pet COVID-19? Can I get COVID-19 from my pet or other 
animals? 730

91. Is there a test for COVID-19 in pets? If so, has it been approved by the 
FDA? 731

92. Should I get my pet tested for COVID-19? 731
93. What animal species can get COVID-19? 731
94. Since domestic cats can get infected with the virus that causes  

COVID-19, should I worry about my cat? 732
95. Why are animals being tested when many people can’t get tested? 732
96. Can pets carry the virus that causes COVID-19 on their skin or fur? 733
97. Are there any approved products that can prevent or treat COVID-19 in 

animals? 733
98. Is it true that animals, like dogs, cats, and cattle, get their own different 

types of coronavirus? 733
99. If my pet previously had a species-specific coronavirus, does that make 

them more or less likely to get COVID-19? 735
100. If my pet has been vaccinated for species-specific coronavirus, does that 

make them more or less likely to get COVID-19? 735
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Section 1
FDA, EUA, and COVID-19 Vaccines

1. Overall, how is the FDA addressing the COVID-19 pandemic?

The FDA, along with other federal, state, and local agencies and public health 
officials across the country and internationally, plays a critical role in protecting 
public health during the COVID-19 pandemic. FDA staff are supporting 
development of medical countermeasures (MCMS) (Fig. 33.1a and Fig. 33.1b) and 
are providing regulatory advice, guidance, and technical assistance to advance 
the development and availability of vaccines, therapies, diagnostic tests and other 
medical devices for use diagnosing, treating, and preventing this novel virus. 
The FDA continues to monitor the human and animal food supply and take swift 
action on fraudulent COVID-19 products.

Figure 33.1a Examples of medical countermeasures include drugs, vaccines, and 
devices, such as diagnostic tests and personal protective equipment.

2. What is the FDA’s role in approving vaccines and what is being done 
to produce a COVID-19 vaccine?

The FDA regulates vaccines. Vaccines undergo a rigorous review of laboratory, 
clinical and manufacturing data to ensure the safety, effectiveness, and quality of
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these products. Vaccines approved for marketing may also be required to undergo 
additional studies to further evaluate the vaccine and often to address specific 
questions about the vaccine’s safety, effectiveness, or possible side effects. On 
December 11, 2020, the FDA issued an EUA for the use of the Pfizer-BioNTech 
COVID-19 Vaccine. On December 18, 2020, the FDA issued an EUA for the use of the 
Moderna COVID-19 Vaccine. And on February 27, 2021, the FDA issued an EUA for 
the use of the Janssen COVID-19 Vaccine. The issuance of an EUA is different than 
an FDA approval (licensure) of a vaccine. In determining whether to issue an EUA 
for a product, the FDA evaluates the available evidence and assesses any known 
or potential risks and any known or potential benefits. And if the benefit-risk 
assessment is favorable, the product is made available during the public health 
emergency. Once a manufacturer submits an EUA request for a COVID-19 
vaccine, the FDA then evaluates the request and determines whether the relevant 
statutory criteria are met, taking into account the totality of the scientific evidence 
about the vaccine that is available to the agency. In addition to supporting 
product development for high priority COVID-19 vaccines, the FDA continues to 
expedite clinical trials for additional vaccine candidates, providing timely advice 
to and interactions with vaccine developers.

3. What is an Emergency Use Authorization (EUA)?

In certain types of emergencies, the FDA can issue an EUA, to provide more timely 
access to critical medical products (including medicines and tests) that may 
help during the emergency when there are no adequate, approved, and available 
alternative options. The EUA process is different than FDA approval, clearance, or 
licensing because the EUA standard may permit authorization based on significantly 
less data than would be required for approval, clearance, or licensing by the FDA. 
This enables the FDA to authorize the emergency use of medical products that 
meet the criteria within weeks rather than months to years. EUAs are in effect 
until the emergency declaration ends but can be revised or revoked as we evaluate 
the needs during the emergency and new data on the product’s safety and 
effectiveness, or as products meet the criteria to become approved, cleared, or 
licensed by the FDA.

The EUA is a mechanism to facilitate the availability and use of MCMS, 
including vaccines, during public health emergencies, such as the current 
COVID-19 pandemic. Under an EUA, FDA may allow the use of unapproved medical 
products, or unapproved uses of approved medical products in an emergency 
to diagnose, treat, or prevent serious or life-threatening diseases or conditions 
when certain statutory criteria have been met, including that there are no adequate, 
approved, and available alternatives. Taking into consideration input from the 
FDA, manufacturers decide whether and when to submit an EUA request to FDA. 
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Once submitted, FDA will evaluate an EUA request and determine whether the 
relevant statutory criteria are met, considering the totality of the scientific evidence 
about the vaccine that is available to FDA.

4. What safety and effectiveness data are required to be submitted 
to FDA for an EUA request for a vaccine intended to prevent 
COVID-19?

COVID-19 vaccines are undergoing a rigorous development process that includes 
tens of thousands of study participants to generate the needed non-clinical, clinical, 
and manufacturing data. FDA will undertake a comprehensive evaluation of this 
information submitted by a vaccine manufacturer.

For an EUA to be issued for a vaccine, for which there is adequate manufacturing 
information to ensure quality and consistency, FDA must determine that the 
known and potential benefits outweigh the known and potential risks of the 
vaccine. An EUA request for a COVID-19 vaccine can be submitted to FDA based on 
a final analysis of a phase 3 clinical efficacy trial or an interim analysis of such 
trial, i.e., an analysis performed before the planned end of the trial once the data 
have met the pre-specified success criteria for the study’s primary efficacy 
endpoint.

From a safety perspective, FDA expects an EUA submission will include all 
safety data accumulated from phase 1 and 2 studies conducted with the vaccine, 
with an expectation that phase 3 data will include a median follow-up of at least 
2-months (meaning that at least half of vaccine recipients in phase 3 clinical 
trials have at least 2 months of follow-up) after completion of the full vaccination 
regimen. In addition, FDA expects that an EUA request will include a phase 3 safety 
database of well over 3,000 vaccine recipients, representing a high proportion 
of participants enrolled in the phase 3 study, who have been followed for serious 
adverse events and adverse events of special interest for at least one month after 
completion of the full vaccination regimen.

Part of FDA’s evaluation of an EUA request for a COVID-19 vaccine includes 
evaluation of the chemistry, manufacturing, and controls information for the 
vaccine. Sufficient data should be submitted to ensure the quality and consistency 
of the vaccine product. FDA will use all available tools and information, including 
records reviews, site visits, and previous compliance history, to assess compliance 
with current good manufacturing practices.

On May 25, 21021, the FDA updated its guidance, Emergency Use Authorization 
for Vaccines to Prevent COVID-19, to include a new section that clarifies how 
the agency intends to prioritize review of EUA requests for the remainder of the 
COVID-19 public health emergency. As noted in the guidance, for the remainder 
of the current pandemic, the FDA may decline to review and process further EUA 

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/emergency-use-authorization-vaccines-prevent-covid-19
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/emergency-use-authorization-vaccines-prevent-covid-19
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requests other than those for vaccines whose developers have already engaged with 
the agency as described in the agency’s guidance, “Emergency Use Authorization 
Vaccines to Prevent COVID-19.”

5. What would involve a full clinical trial for a COVID-19 vaccine?

Clinical trials (Fig. 33.2a and Fig 33.2b) are evaluating investigational COVID-19 
vaccines in tens of thousands of study participants to generate the scientific data 
and other information needed by FDA to determine safety and effectiveness. 
These clinical trials are conducted according to the rigorous standards set forth 
by the FDA. For example, both the Pfizer-BioNTech and Moderna have submitted 
applications to the FDA for full vaccine regulatory approval. Initially, in phase 1, the 
vaccine is given to a small number of generally healthy people to assess its safety 
at increasing doses and to gain early information about how well the vaccine works 
to induce an immune response in people. In the absence of safety concerns from 
phase 1 studies, phase 2 studies include more people, where various dosages 
are tested on hundreds of people with typically varying health statuses and from 
different demographic groups, in randomized-controlled studies. These studies 
provide additional safety information on common short-term side effects and 
risks, examine the relationship between the dose administered and the immune 
response, and may provide initial information regarding the effectiveness of the 
vaccine. In phase 3, the vaccine is generally administered to thousands of people 
in randomized, controlled studies involving broad demographic groups (i.e., the 
population intended for use of the vaccine) and generates critical information 
on effectiveness and additional important safety data. This phase provides 
additional information about the immune response in people who receive the 
vaccine compared to those who receive a control, such as a placebo.

 
Figure 33.2a Vaccine development and ultimate delivery is a complex process that 
requires regulatory approval.
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Understanding Clinical Trials | NHBLI (nih.gov)
Figure 33.2b Adding new measures for prevention: COVID-19 vaccines.

6. Why should I get a COVID-19 vaccine?

When you get a COVID-19 vaccine, you are choosing to protect yourself and make a 
difference for your children, parents, grandparents, and other loved ones. Millions 
of people in the US have already received a COVID-19 vaccine. For a community to 
be fully protected, most community members need to get the vaccine. Getting 
vaccinated against COVID-19 will help protect you from COVID-19, and it may 
also protect the people around you. For the latest recommendations from the 
CDC, refer to the new guidance for fully vaccinated people.

7. Do the COVID-19 vaccines work against the new variants?

While each FDA-authorized COVID-19 vaccine is slightly different, available 
information suggests that the authorized vaccines remain effective in protecting 
the American public against currently circulating strains of COVID-19. We are 
already talking with vaccine manufacturers about these new strains and how 
to quickly and safely make any changes that may be needed in the future.

Some variants spread more easily than others. To help slow the spread of 
COVID-19, get a COVID-19 vaccine when it is available to you. Other ways to slow 
the spread include:

 • Wearing a mask
 • Keeping 6 feet apart from others who don’t live with you
 • Avoiding crowds and poorly ventilated indoor spaces

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated.html


676 COVID-19: Hundred Questions and Answers for Healthcare Providers and the Public

 • Washing your hands often with soap and water (use hand sanitizer if soap 
and water aren’t available)

8. Is COVID-19 vaccine safety monitored after approval or 
authorization?

Yes. There are several systems in place to continually monitor COVID-19 vaccine 
safety. These systems, called “passive surveillance” and “active surveillance” 
systems, rapidly detect and investigate potential safety problems. Systems such as 
the Vaccine Adverse Event Reporting System (VAERS) (Fig. 33.3) and CDC’s 
text-based v-safe system, which receive reports of adverse events following 
vaccination, are examples of passive surveillance systems. The FDA‘s BEST 
Initiative is an example of an active surveillance system, which can rapidly analyze 
information occurring in millions of individuals recorded in large data systems 
to investigate any safety signals that are identified by VAERS or v-safe.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9. Can the vaccine give me COVID-19?

No. None of the COVID-19 vaccines currently authorized for use or in development 
in the United States use the live virus that causes COVID-19. However, it 
typically takes a few weeks for the body to build immunity after vaccination. 
That means it’s possible you could be infected with the virus that causes 
COVID-19 just before or just after vaccination and get sick.

10. If I already had COVID-19 and recovered, do I still need to get 
vaccinated?

Yes. CDC recommends that you get vaccinated even if you have already had 
COVID-19, because you might become infected more than once. While you may 
have some short-term antibody protection after recovering from COVID-19, we 
don’t know how long that protection will last.

11. Is it safe to get a COVID-19 vaccine if I have an underlying medical 
condition?

Yes. COVID-19 vaccination is especially important for people with underlying 
health conditions like heart disease, lung disease, diabetes, or obesity. People 
with these conditions are more likely to get very sick from COVID-19.

https://vaers.hhs.gov/
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/vsafe.html
https://www.bestinitiative.org/
https://www.bestinitiative.org/
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VAERS

F AC T  S H E E T

Vaccine Adverse Event Reporting System

A  N a t i o n a l  P r o g r a m  f o r  M o n i t o r i n g  V a c c i n e  S a f e t y

CS267401

Vaccine Adverse Event Reporting System (VAERS)
The Vaccine Adverse Event Reporting System (VAERS), is a national program managed 
by the U.S. Centers for Disease Control and Prevention (CDC) and the U.S. Food and 
Drug Administration (FDA) to monitor the safety of all vaccines licensed in the United 
States. VAERS collects and reviews reports of adverse events that occur after vaccination. 
An “adverse event” is any health problem or “side effect” that happens after a vaccination. 
VAERS cannot determine if  a vaccine caused an adverse event, but can determine if  
further investigation is needed.

VAERS provides valuable information
VAERS is an early-warning system that detects problems possibly related to vaccines. The 
system relies on reports from healthcare providers*, vaccine manufacturers, and the general 
public. Reporting gives CDC and FDA important information to identify health concerns 
and ensure vaccines are safe in order to protect the public’s health.  

VAERS staff evaluate reports of adverse events
VAERS de�nes a “serious adverse event” as life-threatening illness, hospitalization, 
prolongation of an existing hospitalization, permanent disability or death. Once adverse 
events are identi�ed using VAERS, they may be monitored in other immunization safety 
systems to con�rm if  a particular adverse event is related to a vaccination and identify any 
speci�c risk factors. 

Anyone can report to VAERS
Anyone can submit a report to VAERS, including patients, family members, healthcare 
providers, vaccine manufacturers and the general public. CDC and FDA encourage 
anyone who experiences an adverse event after receiving a vaccine to report to VAERS.

How to report to VAERS
You can report to VAERS online at https://vaers.hhs.gov/index.  

For further assistance reporting to VAERS, visit https://vaers.hhs.gov/index or contact 
VAERS directly at info@VAERS.org or 1-800-822-7967.

VAERS data are available to the public
VAERS data can be downloaded at https://vaers.hhs.gov/data/index or searched 
at http://wonder.cdc.gov/vaers.html. Privacy is protected and personal identifying 
information (such as name, date of  birth and address) is removed from the public data.

* Healthcare providers are encouraged to report all clinically significant adverse events after vaccination to VAERS even if it  
is uncertain whether the vaccine caused the event. They are also required to report to VAERS adverse events found in the  
Reportable Events Table (RET) at https://vaers.hhs.gov/resources/VAERS_Table_of_Reportable_Events_Following_Vaccination.pdf

For more information 
about VAERS:

E-mail: info@vaers.org

Phone: 1-800-822-7967

Web site: www.vaers.hhs.gov

Figure 33.3 Vaccine adverse event reporting system.
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12. Is it safe to get a COVID-19 vaccine if I have allergies?

For most people with allergies, yes. However, if you have ever had a severe 
allergic reaction to any ingredient in a COVID-19 vaccine, you should not get 
that vaccine or any COVID-19 vaccine. We can find the list of ingredients on 
CDC’s website together. If you have had an immediate allergic reaction of any 
severity to other vaccines or injectable therapies, I can help you decide if it is safe 
for you to get vaccinated. You may still get vaccinated if you have severe 
allergies to oral medications, food, pets, insect stings, latex, or environmental 
irritants like pollen or dust.

13. Is it better to get natural immunity to COVID-19 rather than 
immunity from a vaccine?

No. COVID-19 is new and so are the vaccines to prevent it. We don’t know how 
long protection lasts for those who get infected or for those who are vaccinated. 
What we do know is that COVID-19 has caused very serious illness and death for 
a lot of people. If you get COVID-19, you also risk giving it to loved ones who may 
get very sick. Getting a COVID-19 vaccine is a safer choice.

14. Will the shot hurt or make me sick?

The vaccine will not make you sick. There may be side effects, but they should go 
away within a few days. Possible side effects include a sore arm, headache, fever, 
or body aches. This does not mean you have COVID-19. These side effects are signs 
that the vaccine is working to build immunity. If they don’t go away in a week, or 
you have more serious symptoms, call the office.

15. I am pregnant. Is it safe for me to get the COVID-19 vaccine?

Based on what we know about how these vaccines work, experts believe they 
are unlikely to pose a risk for pregnant women. However, there is limited 
information about the safety of COVID-19 vaccines during pregnancy. You may 
choose to get vaccinated if you are part of a group that is recommended for 
COVID-19 vaccine. We can talk through this decision together.

16. I am breastfeeding. Is it safe for me to get the COVID-19 vaccine?

Based on what we know about how these vaccines work, experts don’t think that 
COVID-19 vaccines pose risks to breastfeeding babies. However, there are no 
safety data related to COVID-19 vaccination and breastfeeding. You may choose 
to get vaccinated if you are part of a group that is recommended for COVID-19 
vaccine. We can talk through this decision together.
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17. Are there long-term side effects from the COVID-19 vaccine?

Because all COVID-19 vaccines are new, it will take more time and more people 
getting vaccinated to learn about very rare or possible long-term side effects. 
At least 8-weeks of safety data were gathered in the clinical trials for all the 
authorized vaccines, and it’s unusual for vaccine side effects to appear more than 
8 weeks after vaccination.

18. How do I know if the COVID-19 vaccine is safe?

All COVID-19 vaccines were tested in clinical trials involving tens of thousands 
of people to make sure they meet safety standards and protect adults of different 
ages, races, and ethnicities. There were no serious safety concerns. These trials 
were very similar to trials done for other licensed vaccines, but were done more 
quickly due to the urgent need to reduce illnesses during the pandemic. CDC 
and the FDA will keep monitoring the vaccines to look for safety issues after they 
are authorized and in use.

19. How do I report problems or bad reactions after getting a 
COVID-19 vaccine?

I am encouraging all recipients who receive the vaccine to enroll in v-safe. This 
is a smartphone tool you can use to tell CDC if you have any side effects after 
getting a COVID-19 vaccine. If you report serious side effects, someone from CDC 
will call to follow up. I will give you instructions for how to enroll.

20. Do I have to continue to wear a mask and avoid close contact with 
others after I have been vaccinated?

Yes, it is important to keep covering your mouth and nose with a mask, washing 
hands often, and staying at least 6 feet away from others even after you have been 
vaccinated. We don’t yet know if the vaccine reduces transmission of the virus. 
Also, there is not enough information currently available to say if or when CDC 
will stop recommending that people wear masks and avoid close contact with 
others to help prevent the spread of the virus that causes COVID-19. Experts need 
to understand more about the protection that COVID-19 vaccines provide 
before making that decision. Other factors, including how many people get 
vaccinated and how the virus is spreading in communities, will also affect this 
decision.

21. Do clinical trial results show whether vaccines are effective?

Yes. Clinical trials provide data and information about how well a vaccine 
prevents an infectious disease and about how safe it is. The FDA evaluates these 
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data, along with information from the manufacturer, to assess the safety and 
effectiveness of a vaccine. FDA then decides whether to approve a vaccine or 
authorize it for emergency use in the United States. After a vaccine is either 
approved or authorized for emergency use by FDA, more assessments are done 
before a vaccine is recommended for public use. The goal of these assessments is 
to understand more about the protection a vaccine provides under real-world 
conditions, outside of clinical trials. After COVID-19 vaccines are approved or 
authorized for emergency use by FDA and recommended for public use, CDC will 
further assess their effectiveness. These real-world assessments will compare 
groups of people who do and don’t get vaccinated and people who do and don’t 
get COVID-19 to find out how well COVID-19 vaccines are working to protect 
people.

22. Why would the effectiveness of vaccines be different after the 
clinical trials?

Many factors can affect a vaccine’s effectiveness in real-world situations. These 
factors can include things such as how a vaccine is transported and stored or 
even how patients are vaccinated. Vaccine effectiveness can also be affected by 
differences in the underlying medical conditions of people vaccinated as 
compared to those vaccinated in the clinical trials. Assessments of vaccine 
effectiveness can also provide important information about how well a vaccine is 
working in groups of people who were not included or were not well represented 
in clinical trials.

23. How will experts evaluate the COVID-19 vaccines in real-world 
conditions?

Experts are working on many types of real-world studies to determine vaccine 
effectiveness, and each uses a different method:

	 •	 Case-control	 studies	 will include cases (people who have the virus that 
causes COVID-19) and controls (people who do not have the virus that 
causes COVID-19). People who agree to participate in a case-control study 
will provide information on whether they received a COVID-19 vaccine or 
not. Experts will look to see if the cases were less likely to have received 
the vaccine than controls, which would show that the vaccine is working.

	 •	 A	 test-negative	 design	 study	will enroll people who are seeking medical 
care for symptoms that could be due to COVID-19. In this special type of 
case-control study, experts will compare the COVID-19 vaccination status 
of those who test positive (meaning they have COVID-19) to those who 
test negative (meaning they do not have COVID-19).
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	 •	 Cohort	 studies	will follow people who have and haven’t had a COVID-19 
vaccine for several months to see if getting vaccinated protects them from 
getting the disease. This can be done in real time (prospectively) or by 
looking back in time (retrospectively) using data that were already 
collected, such as information in participants’ medical records.

	 •	 Screening	method	 assessments	 look at vaccination status among a group 
of cases (for example, cases detected through ongoing COVID-19 surveillance) 
and compares those cases with vaccination coverage among the overall 
population where those cases come from (for example, people from the 
same state). By comparing coverage between these two groups, researchers 
can get an early estimate of whether a vaccine is working as expected.

	 •	 Ecologic	 analysis	 assessments	 look at groups of people—such as those 
in different geographic locations or at different times—to find out how 
many were vaccinated and how many were diagnosed with COVID-19. These 
analyses may be hard to interpret because the number of COVID-19 illnesses 
has changed rapidly over time and in different places. CDC will use several 
methods because they can all contribute different information about how 
the vaccine is working.

24. Will assessments determine if the vaccines protect people from 
severe COVID-19 illness?

Yes. Severe illness from COVID-19 is defined as needing care in a hospital or 
intensive care unit (ICU), needing to be on a ventilator, or dying due to COVID-19.

Experts will assess how well COVID-19 vaccines protect people against 
severe illness using case-control studies among hospitalized patients.

Experts also will use cohort studies of electronic health records to see if 
people hospitalized with COVID-19 received the vaccine or not.

25. Will assessments determine if the vaccines protect people against 
mild illness?

Yes. CDC will use case-control studies to assess how well COVID-19 vaccines 
protect people against less severe forms of COVID-19—for example, people with 
COVID-19 who need to visit a doctor but don’t need to be hospitalized.

26. Will assessments determine if the vaccines protect people who are 
ill with no symptoms at all?

Yes. Some people can be infected with or “carry” the virus that causes 
COVID-19, but they don’t feel sick or have any symptoms. Experts call this 
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asymptomatic infection. It is important to know whether COVID-19 vaccines can 
help lower the number of people who have asymptomatic infection. People with 
asymptomatic infection can unknowingly spread the virus to others. A special 
type of cohort study will find out how effective the vaccine is when people are 
asymptomatic. People who agree to participate will be tested for COVID-19 
every week whether they have symptoms or not. Experts will then compare the 
proportion of people with infection who were vaccinated to the proportion of 
people with infection who were not vaccinated.

27. Who will be included in the real-world vaccine assessments?

CDC is working to make sure real-world vaccine assessments include diverse 
groups of people including the following: 

Healthcare personnel and essential workers: Experts will rapidly assess 
vaccine effectiveness among healthcare personnel working in hospitals, long term 
care/ skilled nursing facilities, or nursing homes in selected sites across the 
United States. These assessments will show how well COVID-19 vaccines protect 
healthcare personnel from getting sick or having severe illness. Assessments 
among healthcare personnel and essential workers will also inform how well 
COVID-19 vaccines protect them against getting infected, regardless of whether 
they have symptoms or not.

Older adults and those living in nursing homes: The risk for severe illness from 
COVID-19 increases with age, so making sure these vaccines protect older adults 
is critical. People living in nursing homes and long-term care facilities are at 
especially high risk of getting COVID-19 and severe disease. The FDA and the 
Centers for Medicare and Medicaid Services (CMS) will effectiveness among 
older adults, including those living in nursing homes and long-term care facilities. 
These data will include information about whether people received a COVID-19 
vaccine, whether they got sick with COVID-19, and if they needed hospital care. 
This information will help inform how well the vaccine works in preventing 
COVID-19 and severe illness among older adults. Experts will also use data from 
CDC and CMS to conduct a case-control assessment. Experts will identify older 
adults hospitalized for COVID-19 and older adults hospitalized for other reasons. 
They will then compare how many cases and controls received a COVID-19 vaccine 
to estimate vaccine effectiveness.

People with underlying medical conditions: To better understand how well 
COVID-19 vaccines protect people with underlying medical conditions who may 
be at increased risk for severe illness. Experts are working to make sure various 
real-world vaccine assessments will include adults with heart conditions, obesity, 
and diabetes. The real-world vaccine effectiveness assessments will also collect 
information about other underlying medical conditions. This information will 
be used to better understand how well COVID-19 vaccines protect people with 
underlying medical conditions.
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People in racial and ethnic minority groups: Long-standing systemic health 
and social inequities have put many people from racial and ethnic minority 
groups at increased risk of getting sick and dying from COVID-19. CDC is working 
to ensure that real-world assessments of vaccine effectiveness include diverse 
populations, such as people from racial and ethnic minority groups disp- 
roportionately affected by COVID-19. CDC also is working with the Indian Health 
Service (IHS), tribal nations, and other partners to ensure that these real-world 
assessments include American Indian and Alaska Native populations who have 
been disproportionately affected by COVID-19. This is important to ensure 
that COVID-19 vaccines can help achieve health equity, so everyone has a fair 
opportunity to be as healthy as possible.

28. These vaccines were produced so quickly. How do we know they 
are safe?

It is the US vaccine safety system’s job to make sure that all vaccines are as safe 
as possible. Safety has been a top priority while federal partners have worked 
to make COVID-19 vaccines available for use in the United States. The new 
COVID-19 vaccines have been evaluated in tens of thousands of individuals, 
who volunteered to be vaccinated and to participate in clinical trials. The 
information from these clinical trials allowed the FDA to determine the safety 
and effectiveness of the vaccines. These clinical trials were conducted according 
to rigorous standards set forth by FDA. FDA has determined that the newly 
authorized COVID-19 vaccines meet its safety and effectiveness standards. 
Therefore, FDA has made these vaccines available for use in the United States 
under what is known as an EUA.

29. Will CDC continue to watch for problems with these new vaccines?

Yes. Even though no safety issues arose during the clinical trials, CDC and 
other federal partners will continue to monitor the new vaccines for serious 
side effects (known as adverse events) using many vaccine safety monitoring 
systems. This continued monitoring can pick up on side effects that may not have  
been seen in clinical trials. If an unexpected side effect with the new COVID-19 
vaccines is seen, experts can quickly study it further to determine if it is a true 
safety concern. Monitoring vaccine safety is critical to help ensure that the 
benefits of the COVID-19 vaccines continue to outweigh the risks for people who 
are vaccinated. The current vaccine safety system is strong and robust, with the 
capacity to monitor COVID-19 vaccine safety effectively. Existing data systems can 
rapidly detect if a vaccine has any possible safety problems. These systems are 
being scaled up to fully meet the needs of the nation. Additional systems and 
data sources are also being developed to further enhance safety monitoring 
capabilities.
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HOW mRNA  
COVID-19 VACCINES WORK
Understanding the virus 

Coronaviruses, like the one that 
causes COVID-19, are named for 
the crown-like spikes on their  
surface, called spike proteins. 
These spike proteins are ideal 
targets for vaccines.

What is a mRNA?
Messenger RNA, or mRNA, 
is genetic material that 
tells your body how to 
make proteins.

How does the vaccine work?
The mRNA in the vaccine teaches 
your cells how to make copies of 
the spike protein.  

If you are exposed to the real virus later, your body  

When your body 
responds to the 
vaccine, it can 
sometimes cause 
tiredness, headache, 
muscle pain, nausea, 
or mild fever.  

These are normal 
signs the vaccine  
is working.

!

Antibody

SOURCE: Centers for Disease Control and Prevention
 cdc.gov/coronavirus/vaccines

What is in  
the vaccine?
The vaccine is made  
of mRNA wrapped in a coating  
that makes delivery easy  
and keeps the body  
from damaging it.

The vaccine DOES NOT contain ANY 
virus, so it cannot give you COVID-19.  
It cannot change your DNA in any way. 

!

After the mRNA delivers the  
instructions, your cells break it  
down and get rid of it. 

!
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HOW VIRAL VECTOR  
COVID-19 VACCINES WORK
Understanding the virus 

Coronaviruses, like the one that 
causes COVID-19, are named for 
the crown-like spikes on their  
surface, called spike proteins. 
These spike proteins are ideal 
targets for vaccines.

What is a viral vector vaccine?
A viral vector vaccine uses a  
harmless version of a different virus,  
called a “vector,” to deliver information  
to the body that helps protect you. 

How does the  
vaccine work?
The vaccine teaches your body how  
to make copies of the spike proteins.  

If you are exposed to the real virus later, your body  

The vaccine DOES NOT contain the virus that causes  
COVID-19 and cannot give you COVID-19. It also cannot  
make you sick from the virus that is used as the vector.  
It cannot change your DNA in any way. 

When your body responds to the 
vaccine, it can sometimes cause 
tiredness, headache, muscle 
pain, nausea, or mild fever.  

These are normal signs the  
vaccine is working.

!

!

Antibody

SOURCE: Centers for Disease Control and Prevention
 cdc.gov/coronavirus/vaccines
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Section 2

General Information on Safety and Prevention

30. What are some of the best ways to prevent infection and illness 
from SARS-CoV-2?

The best way to prevent illness is to avoid being exposed to the virus. The 
CDC recommends everyday preventive actions to help prevent the spread of 
respiratory diseases. They include: 

	 •	 Wash	 your	 hands often with plain soap and water. The CDC recommends 
washing your hands often with soap and water for at least 20 seconds, 
especially after you have been in a public place, or after blowing your 
nose, coughing, or sneezing. If soap and water are not available, the CDC 
recommends using an alcohol-based hand sanitizer (Fig. 33.4) that contains 
at least 60 percent alcohol. 
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	 •	 Cover	 your	 mouth	 and	 nose with a cloth face covering or non-surgical 
mask when around others. 

	 •	 Get the COVID-19 vaccine when it is offered to you. Once you are fully 
vaccinated, you may be able to start doing some things that you had 
stopped doing because of the pandemic.

	 •	 Follow CDC guidance on large gatherings, social distancing and mask 
wearing, based on if you are fully vaccinated or not.

 
Figure 33.4 Safely	using	hand	sanitizer	is	critical.

31. Should I wear a face covering or mask when I go out in public?

The CDC recommends wearing masks in public when other social distancing 
measures are difficult to maintain. Effective February 2, 2021, masks are required 
on planes, buses, trains, and other forms of public transportation traveling 
into, within, or out of the United States and in US transportation hubs such as 
airports and stations. The FDA has authorized the emergency use of face masks 
(Fig. 33.5), including cloth face coverings, that meet certain criteria for use as 
source control by the general public and health care personnel in accordance 
with CDC recommendations during the COVID-19 public health emergency. 
The FDA also regulates other medical devices, including personal protective 
equipment (PPE) such as surgical masks and N95 respirators (Fig. 33.6). The 
CDC recommends that PPE should be reserved for use by health care workers, 
first responders, and other frontline workers whose jobs put them at much 
greater risk of acquiring COVID-19. Read more about types of face masks and the 
FDA’s emergency use authorization for non-surgical face masks. It is important 
to know how to properly use a face mask (Fig. 33.7).

https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/cloth-face-cover-guidance.html
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/cloth-face-cover-guidance.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/index.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated.html
https://www.cdc.gov/coronavirus/2019-ncov/index.html
https://www.cdc.gov/coronavirus/2019-ncov/index.html
https://www.fda.gov/medical-devices/personal-protective-equipment-infection-control/n95-respirators-surgical-masks-and-face-masks
https://www.fda.gov/medical-devices/personal-protective-equipment-infection-control/n95-respirators-surgical-masks-and-face-masks
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Figure 33.5 Many continue to use face masks indoors. 2021 has been a year of  mixed 
messages pertaining to masking from health experts and a maze of regulatory mandates 
from governmental agencies like the CDC and WHO. The author agrees that it is best to 
continue to use face masks under all circumstances while indoors, whether they are 
mandated or not. This is especially important for unvaccinated individuals, the immuno-
comprised, infants, pregnant women, and the elderly. Herd immunity in the world is most 
likely never possible given the low vaccination rates, inequitable distribution of the 
vaccine and continuous emergence of variants of concern. 

32. Can I prevent or treat COVID-19 by using disinfectant sprays, wipes, 
or liquids on my skin? Can I inject, inhale, or ingest disinfectants 
to prevent or treat COVID-19?

No. Disinfectants should not be used on human or animal skin. Disinfectants 
may cause serious skin and eye irritation. Disinfectants are dangerous for people  
to inject, inhale, or ingest. If you breathe, inject, or swallow disinfectants you may 
be seriously hurt or die. If someone near you swallows, injects, or breathes 
a disinfectant, call poison control or a medical professional immediately. 
Disinfectant products such as sprays, mists, wipes, or liquids are only to be used 
on hard, non-porous surfaces (materials that do not absorb liquids easily) such as 
floors and countertops, or on soft surfaces such as mattresses, sofas, and beds.

View the current list of disinfectants that meet EPA’s criteria for use against 
SARS-CoV-2, the virus that causes COVID-19. 

https://www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
https://www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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Centers for Disease Control
and Prevention
National Institute for Occupational 
Safety and Health

Surgical Mask N95 Respirator

Testing and 
Approval

Cleared by the U.S. Food and Drug 
Administration (FDA)

Evaluated, tested, and approved by 
NIOSH as per the requirements in  
42 CFR Part 84

Intended Use 
and Purpose

Fluid resistant and provides the wearer 
protection against large droplets, 
splashes, or sprays of bodily or other 

from the wearer’s respiratory emissions.

Reduces wearer’s exposure to particles 
including small particle aerosols and 
large droplets (only non-oil aerosols).

Face Seal Fit

Fit Testing 
Requirement

No Yes

User Seal Check 
Requirement

No Yes. Required each time the respirator 
is donned (put on)

Filtration Does NOT provide the wearer with a 
reliable level of protection from inhaling 
smaller airborne particles and is not 
considered respiratory protection

Filters out at least 95% of airborne 
particles including large and small 
particles

Leakage Leakage occurs around the edge of the 
mask when user inhales minimal leakage occurs around edges 

of the respirator when user inhales

Use Limitations Disposable. Discard after each patient 
encounter.

Ideally should be discarded after each 
patient encounter and after aerosol-
generating procedures. It should 
also be discarded when it becomes 
damaged or deformed; no longer 
forms an effective seal to the face; 
becomes wet or visibly dirty; breathing 

contaminated with blood, respiratory 
or nasal secretions, or other bodily 

Understanding the Difference

WARNING!
Lorem ipsum dolor sit amet, 

consectetur adipiscing elit. Nullam 
scelerisque leo et eros convallis 

condimentum. Phasellus tincidunt, 
volutpat vitae.

Figure 33.6 Surgical	masks	and	N95	respirators:	Understanding	the	difference.
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How to Safely Wear and Take Off a Mask

cdc.gov/coronavirus
CS 316488I     12/21/2020

PHARMACY

MASK B
ARR

IE
R

For instructions on  
making a mask, see:

Personal masks are not surgical masks or N-95 respirators, both of which should 
be saved for health care workers and other medical �rst responders.

WEAR YOUR MASK CORRECTLY

USE A MASK TO HELP PROTECT OTHERS

FOLLOW EVERYDAY HEALTH HABITS

TAKE OFF YOUR MASK CAREFULLY,  
WHEN YOU’RE HOME

• Wash your hands before putting on your mask
• Put it over your nose and mouth and secure it under your chin
• Try to fit it snugly against the sides of your face 
• Make sure you can breathe easily
• Do not place a mask on a child younger than 2

• Wear a mask over your nose and mouth to help prevent getting  
    and spreading COVID-19
• Wear a mask in public settings when around people who don’t live  
    in your household, especially when indoors and when it may be difficult  
    for you to stay six feet apart from people who don’t live with you
• Don’t put the mask around your neck or up on your forehead
• Don’t touch the mask, and, if you do, wash your hands or use hand sanitizer

• Stay at least 6 feet away from others
• Avoid contact with people who are sick
• Avoid crowds and places with poor ventilation
• Wash your hands often

• Untie the strings behind your head or stretch the ear loops
• Handle only by the ear loops or ties
• Fold outside corners together
• Place mask in the washing machine
• Wash your hands with soap and water

Accessible: https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/diy-cloth-face-coverings.html

Figure 33.7 How	to	safely	wear	and	take	off	a	mask.
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33. Does spraying people with disinfectant lower the spread of 
COVID-19?

Currently there are no data showing that spraying people with aerosolized dis-
infectants, or having people walk through tunnels or rooms where disinfectant 
is in the air, can treat, prevent, or lower the spread of COVID-19. Surface 
disinfectants should not be used on people or animals. Disinfectant products, 
such as sprays, mists, wipes, or liquids are only to be used on hard, non-porous 
surfaces (materials that do not absorb liquids easily) such as floors and 
countertops, or on soft surfaces such as mattresses, sofas, and beds. CDC provides 
information regarding disinfectant practices for surfaces in the Reopening Guidance 
for Cleaning and Disinfecting Public Spaces, Workplaces, Businesses, Schools, 
and Homes. Human antiseptic drugs, such as hand sanitizers, are intended for use 
on human skin, but are not intended for aerosolization (to be sprayed in the air in 
very small droplets). Due to serious safety concerns, including the risk of 
inhalational toxicity and flammability, the FDA’s temporary policies for alcohol- 
based hand sanitizers during the COVID-19 public health emergency specifically 
do not apply to aerosol sprays. In addition, hand sanitizers are intended for use on 
the hands, and should never be used over larger body surfaces, swallowed, 
or inhaled.

34. Will Miracle Mineral Solution (MMS) cure COVID-19?

No. MMS does not cure COVID-19 and has not been approved by the FDA for any 
use (Fig. 33.8). The solution, when mixed as directed, forms industrial bleach 
that may cause serious and potentially life-threatening side effects. FDA took 
action against Genesis II Church of Health and Healing for unlawfully distributing 
MMS for the treatment of COVID-19 and other diseases.

 
Figure 33.8 The FDA warns you not to drink sodium chlorite products such as Miracle 
Mineral	Solution.

https://www.cdc.gov/coronavirus/2019-ncov/community/reopen-guidance.html
https://www.cdc.gov/coronavirus/2019-ncov/community/reopen-guidance.html
https://www.cdc.gov/coronavirus/2019-ncov/community/reopen-guidance.html
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35. Is hand sanitizer effective against COVID-19?

The best way to prevent the spread of infections and decrease the risk of getting 
sick is by washing your hands with plain soap and water, advises the CDC. Washing 
hands often with soap and water for at least 20 seconds is essential, especially 
after going to the bathroom; before eating; and after coughing, sneezing, or blowing 
one’s nose. If soap and water are not available, CDC recommends consumers 
use an alcohol-based hand sanitizer (Fig. 33.9) that contains at least 60% alcohol.

 
Figure 33.9 Keeping hands clean is especially important to help prevent the virus from 
spreading.

36. Why has the FDA placed alcohol-based hand sanitizers from Mexico 
on import alert?

During the coronavirus pandemic, the FDA has seen a sharp increase in hand 
sanitizer products from Mexico that were labeled to contain ethanol (also called 
ethyl alcohol) but, among other concerns, tested positive for methanol 
contamination. Methanol (or wood alcohol) can be toxic when absorbed through 
the skin and life-threatening when ingested. Methanol is not an acceptable 
ingredient in hand sanitizer. Recently, the FDA placed all alcohol-based hand 
sanitizers from Mexico on a country-wide import alert to help prevent entry into 
the US of potentially dangerous products until we can review the product’s safety. 
An import alert informs field staff the FDA has sufficient evidence to detain 
products (at the border/import site) that appear to violate laws and regulations 
without physical examination. FDA analyses of alcohol-based hand sanitizers 
from Mexico found that 84 percent of the samples we analyzed from April through 
December 2020 were not in compliance with FDA regulations.

Import alerts:

 • Help prevent potentially violative products from being distributed in the 
United States;
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 • Help free up agency resources to examine other shipments;
 • Provide uniform information to FDA field offices across the country;
 • Provide the importer the opportunity to show that the products being 

imported into the United States are in compliance with the FDA’s laws and 
regulations.

To stay informed, visit the FDA’s Hand Sanitizers and COVID-19 page. Refer to 
the flowchart (Fig. 33.10) to determine if your hand sanitizer is on the FDA list.

37. Where can I buy hand sanitizer? Can I make my own hand 
sanitizer?

Many retail stores and pharmacies sell hand sanitizers. However, we understand 
that many stores may not have hand sanitizers available to buy. To help increase 
the availability of hand sanitizers, the FDA has issued guidance for the temporary 
preparation of alcohol-based hand sanitizers by some companies and pharmacies 
during the COVID-19 public health emergency. The FDA does not recommend 
that consumers make their own hand sanitizer. If made incorrectly, hand sanitizer 
can be ineffective, and there have been reports of skin burns from homemade 
hand sanitizer. The agency lacks verifiable information on the methods being 
used to prepare hand sanitizer at home and whether they are safe for use on 
human skin.

38. What do I do if I get a rash or other reaction to hand sanitizer?

Call your doctor if you experience a serious reaction to hand sanitizer. The FDA 
encourages consumers and health care professionals to report adverse events 
experienced with the use of hand sanitizers to the FDA’s MedWatch Adverse Event 
Reporting program.

39. What is the risk of using a hand sanitizer that contains methanol 
(wood alcohol) or 1-propanol?

Methanol exposure can result in nausea, vomiting, headache, blurred vision, 
permanent blindness, seizures, coma, permanent damage to the nervous system 
or death. Although people using these products on their hands are at risk for 
methanol poisoning, young children who accidentally swallow these products 
and adolescents and adults who drink these products as an alcohol (ethanol) 
substitute are most at risk. Swallowing or drinking a hand sanitizer with 1-propanol 
can result in decreased breathing and heart rate, among other serious symptoms, 
and can lead to death. Hand sanitizer with 1-propanol contamination can irritate 
your skin (or eyes, if exposed). Although it is rare, some people have reported 
allergic skin reactions. 

https://www.fda.gov/drugs/information-drug-class/qa-consumers-hand-sanitizers-and-covid-19
https://www.fda.gov/safety/medwatch-fda-safety-information-and-adverse-event-reporting-program
https://www.fda.gov/safety/medwatch-fda-safety-information-and-adverse-event-reporting-program
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Find the hand  
sanitizer label.

Locate the:
• Product Name
• Manufacturer
• Distributor
•  National Drug  

Code or NDC  
number

NDC 53598-007-01

EXAMPLE

VERY GOOD

BUSINESS NAME

ETHYL ALCOHOLETHYL ALCOHOLActive Ingredient: BRAND

Go to  
www.fda.gov/ 
handsanitizerlist
and click on the red button
at the top of the page.

Search list.

1

3

4

2

•  Type the product name, manufacturer, 
distributor, or National Drug Code or 
NDC number in the search box. 
OR

•  Sort the columns alphabetically. 
OR

•  Find your product on the correct page 
of results (1, 2, 3, …).

Look for your hand sanitizer on the list.
•  Do not use a hand sanitizer made by a  

manufacturer on the list.
•  If the manufacturer is not on the label, contact 

the distributor for more information.
•  Check back often. As FDA test results are  

released, we add products to the list.

Put contaminated hand sanitizer 
into hazardous waste collection.6
•  Contact your local government or 

trash collection agency and ask about 
hazardous waste disposal.

•  Do not pour the hand sanitizer down 
the drain, mix it with other liquids, or 
put it in your regular trash.

*

*Sample hypothetical product label for explanatory purposes only.

5

Figure 33.10	Flowchart	to	determine	if	a	hand	sanitizer	not	approved	by	the	FDA.	Sample 
hypothetical label shown.
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40. Products online claim to prevent or treat COVID-19. Where can I 
report websites selling products with fraudulent claims?1

The FDA advises consumers to be beware of websites and stores selling products 
that claim to prevent, treat, or cure COVID-19. If you have a question about a product 
sold online that claims to treat, prevent, or cure COVID-19, talk to your health care 
provider or doctor. 

Please report websites selling products with fraudulent claims about 
treatment or prevention of COVID-19. If you have experienced a bad reaction to 
a product sold with COVID-19 claims, report it to the FDA’s MedWatch Adverse 
Event Reporting program:

 • Complete and submit the report online; or 
 • Download and complete the form, then submit it via fax at 1-800-FDA-0178.

Include as much information as you can about the product that caused the 
reaction, including the product name, the manufacturer, and the lot number 
(if available).

41. Am I at risk for serious complications from COVID-19 if I smoke 
cigarettes?

Yes. Data shows that when compared to never smokers, cigarette smoking 
increases the risk of more severe illness from COVID-19, which could result in 
hospitalization, the need for intensive care, or even death. Smoking cigarettes 
can cause inflammation and cell damage throughout the body, and can weaken 
your immune system, making it less able to fight off disease. There’s never been a 
better time to quit smoking. If you need resources to help you quit smoking, the 
FDA’s Every Try Counts campaign has supportive tips and tools to help you get 
closer to quitting for good.

 

1As of May 6, 2021, the FDA has received more than 1375 reports of fraudulent products related to 
COVID-19. To proactively identify and neutralize threats to consumers, the FDA launched Operation 
Quack Hack in March 2020. The Operation Quack Hack team has reviewed thousands of websites, 
social media posts, and online marketplace listings, resulting in more than 170 warning letters to 
sellers, more than 305 reports sent to online marketplaces, and more than 299 abuse complaints sent 
to domain registrars to date.

https://www.accessdata.fda.gov/scripts/email/oc/buyonline/english.cfm
https://www.accessdata.fda.gov/scripts/medwatch/index.cfm
https://www.fda.gov/media/76299/download
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42. If I vape tobacco or nicotine am I at risk for complications from 
COVID-19?

E-cigarette use can expose the lungs to toxic chemicals, but whether those 
exposures increase the risk of COVID-19 or the severity of COVID-19 outcomes 
is not known. However, many e-cigarette users are current or former smokers, 
and cigarette smoking increases the risk of respiratory infections, including 
pneumonia.
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Section 3
Biologics, Human Tissues, and Blood Products

43. Does COVID-19 present a risk to the safety of the nation’s blood 
supply?

In general, respiratory viruses are not known to be transmitted by blood 
transfusion, and there have been no reported cases of transfusion-transmitted 
coronavirus.

44. Can SARS-CoV-2 be transmitted by blood transfusion?

In general, respiratory viruses are not known to be transmitted by blood 
transfusion, and there have been no reported cases of transfusion-transmitted 
coronavirus.

45. What steps are being taken to protect the US blood supply from 
SARS-CoV-2?

Blood donors must be healthy and feel well on the day of donation. Routine blood 
donor screening measures that are already in place should prevent individuals 
with respiratory infections from donating blood. For example, blood donors 
must be in good health and have a normal temperature on the day of donation. 
Donors are instructed to contact the donor center if they become ill after donation, 
so that their blood or plasma will not be used. Even when a donor develops 
COVID-19 after donation, however, there have been no cases of COVID-19 linked 
to donor blood or products made from blood. 

46. Why aren’t blood centers testing donors for SARS-CoV-2?

At this time, the FDA does not recommend using laboratory tests to screen blood. 
Someone who has symptoms of COVID-19, including fever, cough, and shortness 
of breath, is not healthy enough to donate blood. Standard screening processes 
already in place will mean that someone with these symptoms will not be allowed 
to donate. 

The blood establishment’s responsible physician must evaluate prospective 
donors and determine eligibility. The donor must be in good health and meet all 
donor eligibility criteria on the day of donation. The responsible physician may 
wish to consider the following:

 • individuals diagnosed with COVID-19 or who are suspected of having 
COVID-19, and who had symptomatic disease, refrain from donating blood 
for at least 14 days after complete resolution of symptoms,
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 • individuals who had a positive diagnostic test for SARS-CoV-2 (e.g., 
nasopharyngeal swab), but never developed symptoms, refrain from 
donating at least 14 days after the date of the positive test result,

 • individuals who are tested and found positive for SARS-CoV-2 antibodies, 
but who did not have prior diagnostic testing and never developed 
symptoms, can donate without a waiting period and without performing 
a diagnostic test (e.g., nasopharyngeal swab), 

 • individuals who received a nonreplicating, inactivated, or mRNA-based 
COVID-19 vaccine can donate blood without a waiting period, 

 • individuals who received a live-attenuated viral COVID-19 vaccine, refrain 
from donating blood for a short waiting period (e.g., 14 days) after receipt 
of the vaccine, 

 • individuals who are uncertain about which COVID-19 vaccine was 
administered, refrain from donating for a short waiting period (e.g., 14 days) 
if it is possible that the individual received a live-attenuated viral vaccine.

47. Is it safe for me to donate blood during the coronavirus pandemic?

If you are healthy and interested in donating blood, the FDA encourages you to 
contact a local donation center to make an appointment. One way to make a 
difference during a public health emergency is to donate blood if you are able. 

 • AABB: www.aabb.org; +1.301.907.6977
 • America’s Blood Centers: www.americasblood.org 
 • American Red Cross: www.redcrossblood.org; +1.800.RED CROSS 

(+1.800.733.2767)
 • Armed Services Blood Program: www.militaryblood.dod.mil; +1.703.681.8024
 • Blood Centers of America: www.bca.coop

48. Can COVID-19 be transmitted through human cells, tissues, or 
cellular and tissue-based products (HCT/Ps)2?

Respiratory viruses, in general, are not known to be transmitted by implantation, 
transplantation, infusion, or transfer of human cells, tissues, or cellular or tissue-
based products (HCT/Ps). The potential for transmission of COVID-19 by HCT/Ps 
is unknown at this time. There have been no reported cases of transmission of 
COVID-19 via HCT/Ps. Routine screening measures are already in place for 
evaluating clinical evidence of infection in HCT/P donors. The HCT/P establishment’s 
responsible person must determine and document the eligibility of a cell or 
tissue donor (21 CFR 1271.50). Based on information available at this time, 
establishments may wish to consider, whether, in the 28 days prior to HCT/P 
recovery, the donor

2Human cells, tissues, or cellular or tissue-based products (HCT/Ps) means articles containing or 
consisting of human cells or tissues that are intended for implantation, transplantation, infusion, 
or transfer into a human recipient.
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 • cared for, lived with, or otherwise had close contact with individuals 
diagnosed with or suspected of having COVID-19 infection; or

 • had been diagnosed with or suspected of having COVID-19 infection; or
 • had a positive diagnostic test (e.g., nasopharyngeal swab) for SARS-CoV-2 

but never developed symptoms.

49. What is convalescent plasma and why is it being investigated to 
treat COVID-19?

Convalescent refers to anyone recovering from a disease. Plasma is the yellow, 
liquid part of blood that contains antibodies. Antibodies are proteins made by the 
body in response to infections. Convalescent plasma (Fig. 33.11) from patients 
who have already recovered from COVID-19 may contain antibodies against 
COVID-19. The FDA has issued an EUA for the use of convalescent plasma in 
hospitalized patients. It is being investigated for the treatment of COVID-19 
patients. Based on scientific evidence available, the FDA concluded this product 
may be effective in treating COVID-19 and that the known and potential 
benefits of the product outweigh the known and potential risks of the product 
for patients hospitalized with COVID-19.

Figure 33.11 Overview of the use and applications of convalescent plasma therapy. 
Virus-neutralizing antibodies in the plasma of a patient who recovered from COVID-19 
can be administered prophylactically to prevent infection in vulnerable individuals 
and those with known exposure to the virus (prophylaxis). Convalescent plasma can also 
be administered to infected individuals to improve the clinical outcome (treatment). 
Source: D. Montelongo-Jauregui, et al. (2020). Convalescent serum therapy for COVID-19: 
A 19th century remedy for a 21st century disease. PLoS Pathog. 16(8):e1008735.
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Convalescent 
Plasma  
Factsheet 
Working Together 
to Fight COVID-19

Revised: September 10, 2020

The U.S. Food and Drug Administration continues to play a critical role  
in accelerating medical countermeasures to treat and prevent COVID-19.  
FDA is facilitating the development of numerous potential COVID-19 treatments. 
Working together with health care organizations and other partners across  
the U.S., FDA is committed to slowing the spread and meeting the challenge  
of COVID-19. One potential treatment is convalescent plasma.  

WHAT IS CONVALESCENT PLASMA? 

Convalescent plasma is the liquid part of blood that 
contains antibodies, which is collected from patients  
who have recovered from the novel coronavirus disease, 
COVID-19, caused by the virus SARS-CoV-2. 

Some data suggests that convalescent plasma might  
help some patients who are sick with COVID-19.  
Because COVID-19 has never been seen in humans  
before, there are currently no vaccines to prevent or  
drugs to treat COVID-19, approved by the FDA. 

If you have fully recovered from COVID-19, you may be 
able to help patients currently fighting the infection by 
donating your plasma. Because you fought the infection, 
your plasma now contains COVID-19 antibodies. These 
antibodies provided one way for your immune system to 
fight the virus when you were sick, so your plasma may  
be able to be used to help others fight off the disease.

Figure 33.12 Key information regarding convalescent plasma.
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Revised: September 10, 2020

CAN I DONATE PLASMA?
People who have been diagnosed 
with and have fully recovered from 
COVID-19 for at least two weeks are 
encouraged to consider donating 
plasma. Convalescent plasma must 
only be collected from people who  
have recovered from COVID-19 if  
they are eligible to donate blood.

HOW CAN I DONATE PLASMA?
You can contact your local blood donation center 
or the American Red Cross to ask about options 
to donate convalescent plasma in your area.  
Find the site nearest you. 

• AAAB (formerly known as the American     
 Association of Blood Banks): 
 http://www.aabb.org/tm/donation/Pages/Blood- 

Bank-Locator.aspx
• America’s Blood Centers:  
 https://americasblood.org/for-donors/find-a-  
 blood-center/
• American Red Cross:  
 https://www.redcross.org/give-blood.html 
• Plasma Protein Therapeutics Association:
 https://www.donatingplasma.org

If you have recovered from COVID-19 and 
are able to donate plasma, you could have an 
immediate and direct impact in helping others 
who are severely ill. In fact, one donation has  
the potential to help up to four patients. 

ADDITIONAL RESOURCES: 
• Coronavirus Disease (COVID-19)
• EUA Convalescent Plasma Factsheet for Healthcare Providers
• The Fight Is In Us

Figure 33.12 (Continued)
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50. I recently recovered from COVID-19; can I donate convalescent 
plasma?

COVID-19 convalescent plasma must only be collected from recovered individuals 
if they are eligible to donate blood. Individuals must have had a prior diagnosis of 
COVID-19 documented by a laboratory test and meet other laboratory criteria. 
Individuals must have fully recovered from COVID-19, with complete resolution 
of symptoms for at least 14 days before donation of convalescent plasma. You can 
ask your local blood center if there are options to donate convalescent plasma in 
your area (Fig. 33.12). 
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Section 4

Development and Use of FDA-approved Drugs for COVID-19

51. What does it mean to be an FDA-approved drug?

FDA approval of a drug (Figs. 33.13 and 33.14) means that the agency has 
determined, based on substantial evidence, that the drug is effective for its 
intended use, and that the benefits of the drug outweigh its risks when used 
according to the product’s approved labeling. The drug approval process takes 
place within a structured framework that includes collecting clinical data and 
submitting an application to the FDA. 

52. What is the FDA’s role in regulating potential treatments during 
a public health emergency?

The FDA carries out many activities to protect and promote public health during 
a public health emergency, including helping to accelerate the development 
and availability of potential treatments, protecting the security of drug supply 
chains, providing guidance to food and medical device manufacturers, advising 
developers on clinical trial issues, and keeping the public informed with 
authoritative health information. The FDA is committed to supporting the 
development of new drugs, and the potential repurposing of existing drugs, to 
address COVID-19 by working with potential drug makers and sponsors to 
rapidly move products into clinical trials, helping to ensure that trials are 
properly designed and safe, and protecting the public from potentially unsafe 
products.

53. Are there any FDA-approved (non-vaccine) therapeutics for 
COVID-19?

Yes, the FDA has approved Veklury (remdesivir) for certain COVID-19 patients. 
Researchers are studying new drugs, and medicines that are already approved for 
other health conditions, as possible treatments for COVID-19. The FDA created 
the Coronavirus Treatment Acceleration Program (CTAP) to use every available 
method to move new treatments to patients. Additionally, the FDA is working 
with the NIH, drug manufacturers, researchers, and other partners to accelerate 
the development process for COVID-19 treatments. FDA’s Sentinel System is 
being used to monitor the use of drugs, describe the course of illness among 
hospitalized patients, and evaluate the treatment impact of therapies actively 
being used under real-world conditions. For information about clinical trials for 
COVID-19 treatments visit clinicaltrials.gov3 and the COVID-19 Prevention Network.

3The information on clinicaltrials.gov is provided by the sponsor or principal investigator of a clinical trial. 
The listing of a study on the site does not reflect evaluation or endorsement of the trial by the Federal 
government.

https://www.fda.gov/drugs/coronavirus-covid-19-drugs/coronavirus-treatment-acceleration-program-ctap
https://www.sentinelinitiative.org/drugs/fda-sentinel-system-coronavirus-covid-19-activities
https://clinicaltrials.gov/
https://www.coronaviruspreventionnetwork.org/
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40 Drug Delivery at the Nanoscale

IND REVIEW FDA reviews the IND to
assure that the proposed studies, 
generally referred to as clinical trials, 
do not place human subjects at 
unreasonable risk. FDA also verifies  
informed consent and human subject 
protection.
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Discovery and Screening Phase Figure 1.3 Drug Sponsor’s 
(Preclinical).

the 
FDA.

Figure 33.13a Drug	 Sponsor’s	 Discovery	 and	 Screening	 Phase	 (Preclinical). Modified by 
the author, original courtesy of the FDA.
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41

The typical number of healthy volunteers used in Phase 1; this
phase emphasizes safety. The goal here in this phase is to
determine what the drug's most frequent side effects are and,
often, how the drug is metabolized and excreted.

The typical number  of patients used in  Phase 2; this phase emphasizes
effectiveness. This goal is to obtain preliminary data on whether the drug works 
in people who have a certain disease or condition. For controlled trials, patients
receiving the drug are compared with similar patients receiving a different 
treatment--usually a placebo, or a different drug. Safety continues to be 
evaluated, and short-term side effects are studied.

At the end of Phase 2, FDA and sponsors discuss how  large-scale
studies in Phase 3 will be done.

The typical number of patients used in Phase 3. These studies gather more
information about safety and effectiveness, study different populations and
different dosages, and uses the drug in combination with other drugs.

P
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Figure 1.4 Drug Sponsor’s Clinical Studies/Trials.
Courtesy of the FDA.

US Food and Drug Administration

Figure 33.13b Drug	 Sponsor’s	 Clinical	 Studies/Trials. Modified by the author, original 
courtesy of the FDA.
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42 Drug Delivery at the Nanoscale

The drug sponsor formally asks FDA to 
approve a drug for marketing in the U . 
A  NDA includes all 
animal human data  analyses of the 
data,  and how it is 
manufactured.

FDA reviews the drug’s
professional labeling and 
assures appropriate 
information is communicated
to health care professionals 
and consumers.

FDA meets with  drug
sponsor prior to submission
of a 

.

60
DAY

FDA reviewers will approve the 
 or issue a response letter.

FDA inspects the 
facilities where the drug 
will be manufactured.

Figure 1.5 FDA’s New Drug Application (NDA) Review. 
Courtesy of the FDA.

After an NDA is received, FDA 
has 60 

Figure 33.14	 FDA’s	 New	Drug	 Application	 (NDA)	 Review.	Modified by the author, original 
courtesy of the FDA.
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www.fda.gov October 20201

Potential Preventions and Treatments for COVID-19

https://www.fda.gov/consumers/
consumer-updates/understanding-
regulatory-terminology-potential-
preventions-and-treatments-covid-19 
There’s a lot of confusion about 
which medical products might work to 
prevent or treat coronavirus disease 
2019 (COVID-19). Scientists are 
working hard to develop a number of 
potential drugs for the prevention or 
treatment of coronavirus. 

COVID-19.

your health and health history and can help you make the best decisions for your care.

terms mean.

U.S. consumers rely on the FDA to provide independent 
scientific reviews of medical products, including drugs and 
vaccines. During this public health emergency, there is an 
urgent need for products to treat or prevent the virus that 
causes COVID-19.

Before the FDA can approve a drug, the agency must 
determine whether the clinical data and other information 
show that the drug is safe and effective for its intended 
use (for example, to prevent or treat a certain disease), 

and that the product can be made according to federal 
quality standards. 

When the FDA approves a drug, it means the agency 
has determined, based on substantial evidence, that the 
drug is effective for its intended use, and that the benefits 
of the drug outweigh its risks when used according to the 
product’s approved labeling.

The FDA is working with manufacturers and 
researchers to make sure the agency is getting the 
information needed to complete that evaluation for drugs 
to treat or prevent COVID-19 as quickly as possible.
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www.fda.gov October 20202

Investigational Treatments
An investigational drug can also be called an 
experimental drug. Scientists conduct clinical trials to 
study investigational drugs to see if they can safely and 
effectively prevent or treat a specific disease or condition. 
As part of those clinical trials, they might try to discover:

•  How the drug might be used for that disease  
or condition.

• If the drug is safe for people.
• How much of the drug is needed. 
•  Information about whether it works against the 

disease and the potential benefits and risks of 
taking the drug.

 
Expanded Access
Sometimes called “compassionate use,” expanded 
access is a potential pathway for a patient with a serious 
or immediately life-threatening disease or condition 
to gain access to an investigational medical product 
(drug, biological product, or medical device) for treatment 
outside of clinical trials when there is no comparable or 
satisfactory alternative therapy. 

Currently, expanded access is one pathway for use 
of COVID-19 convalescent plasma for patients with 
serious or immediately life-threatening COVID-19 disease 
who are not eligible for or who are unable to participate 
in randomized clinical trials. 

Limited information suggests that convalescent 
plasma – an antibody-rich product made from blood 
donated by people who have recovered from the 
virus – may help COVID-19 patients. Because current 
information is limited, it’s important to evaluate this 
therapy in the context of a clinical trial.

An Emergency Use Authorization (EUA) is one of 
several tools the FDA is using to help make certain 
medical products available quickly during the COVID-19 
pandemic. In certain emergencies, the FDA can issue 
an EUA to provide access to medical products that 
may potentially be used when there are no adequate, 
approved, and available options. 

The EUA process is different than an FDA approval 
or clearance. Under an EUA, in an emergency, the FDA 

makes a product available to the public based on the best 
available evidence, without waiting for all the evidence 
that would be needed for FDA approval or clearance.   

When evaluating an EUA, we carefully balance the 
potential risks and benefits of the products based on the 
data currently available. 

EUAs are effective until the emergency declaration 
ends. EUAs can also be revised or revoked by the FDA at 
any time as we continue to evaluate the available data 
and patient needs during the public health emergency.

The FDA has granted EUAs to a few possible COVID-19 
therapies. Learn more about EUAs in this video.  

 
Approved Drugs
Once the FDA has approved a drug for a disease or 
medical condition, health care providers generally may 
prescribe or administer the drug in clinical practice for 
an unapproved use not described in the approved labeling 
(i.e., “off-label”) based on their medical judgment, 
recognizing that the FDA has not assessed the safety or 
effectiveness of such use.
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54. Is Veklury (remdesivir) approved by the FDA to treat COVID-19?

Yes, on October 22, 2020, the FDA approved Veklury (remdesivir) for certain 
COVID-19 patients. 

55. Is Olumiant (baricitinib) approved by the FDA to treat COVID-19?

No. Olumiant is not FDA-approved for the treatment of COVID-19. However, the FDA 
issued an EUA authorizing Olumiant for emergency use by healthcare providers, 
in combination with Veklury (remdesivir), for the treatment of suspected or 
laboratory-confirmed COVID-19 in hospitalized adults and pediatric patients 2 years 
of age or older requiring supplemental oxygen, invasive mechanical ventilation, 
or extracorporeal membrane oxygenation (ECMO).

56. Is bamlanivimab, a monoclonal antibody,4 FDA-approved to treat 
COVID-19?

No. Bamlanivimab is not FDA-approved to treat any diseases or conditions, 
including COVID-19. On November 9, 2020, FDA issued an EUA for bamlanivimab 
for the treatment of mild to moderate COVID-19 in adults and pediatric patients 
with positive results of direct SARS-CoV-2 viral testing who are 12 years and 
older weighing at least 40kg, and who are at high risk for progressing to severe 
COVID-19 and/or hospitalization. 

Since the initial authorization of bamlanivimab administered alone for 
emergency use, there has been a sustained increase in SARS-CoV-2 viral variants 
across the US that are resistant to bamlanivimab alone. Given the frequency of 
these particular viral variants, and since current testing technologies are not 
available to ascertain whether a particular patient who has tested positive for 
COVID-19 is infected with a viral variant prior to initiation of treatment, there is 
an increased risk of treatment failure when bamlanivimab is administered alone. 
Based on the totality of scientific evidence available, the Agency concluded that the 
known and potential benefits of bamlanivimab administered alone no longer 
outweigh the known and potential risks for the product. Therefore, FDA determined 
that the criteria for issuance of an EUA are no longer met and revoked the EUA 
for bamlanivimab administered alone for the treatment of COVID-19 on April 16, 
2021.

57. Are the monoclonal antibodies, casirivimab and imdevimab, FDA-
approved to treat COVID-19?

No. Casirivimab and imdevimab are not FDA-approved to treat any diseases or 
conditions, including COVID-19. However, the FDA issued an EUA for casirivimab 
4Monoclonal antibodies are laboratory-produced molecules that act as substitute antibodies that can 
restore, enhance or mimic the immune system’s attack on cells. Monoclonal antibodies for COVID-19 
may block the virus that causes COVID-19 from attaching to human cells, making it more difficult for 
the virus to reproduce and cause harm. Monoclonal antibodies may also neutralize a virus.
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and imdevimab to be administered together for the treatment of mild to moderate 
COVID-19 in adults and pediatric patients (12 years of age or older weighing at 
least 40 kilograms [about 88 pounds]) with positive results of direct SARS-CoV-2 
viral testing and who are at high risk for progressing to severe COVID-19. 
This includes those who are 65 years of age or older or who have certain chronic 
medical conditions. 

58. Where are infusions of monoclonal antibody treatments 
available?

The following websites contain information regarding access to monoclonal 
antibody treatments for COVID-19:

 • HHS Protect Public Data Hub – Therapeutics Distribution
 • National Infusion Center Association (NICA) 

Monoclonal antibody treatments for COVID-19 may only be administered in 
settings in which health care providers have immediate access to medications 
to treat a severe infusion reaction, such as anaphylaxis, and have the ability to 
activate the emergency medical system (EMS), if necessary. Please speak with 
your doctor or contact your local or state public health department for more 
information.

59. Are chloroquine phosphate or hydroxychloroquine sulfate 
approved by the FDA to treat COVID-19?

No. Hydroxychloroquine sulfate and some versions of chloroquine phosphate are 
FDA-approved to treat malaria. Hydroxychloroquine sulfate is also FDA-approved 
to treat lupus and rheumatoid arthritis. On March 28, 2020, the FDA issued an 
EUA for chloroquine phosphate and hydroxychloroquine sulfate to treat adults 
and adolescents hospitalized with COVID-19 for whom a clinical trial was not 
available or participation was not feasible. Based on FDA’s continued review of 
the scientific evidence available, the criteria for an EUA for chloroquine phosphate 
and hydroxychloroquine sulfate as outlined in Section 564(c)(2) of the FD&C 
Act are no longer met. As a result, the EUA for these two drugs was revoked on 
June 15, 2020. 

60. Should I take chloroquine phosphate used to treat disease in 
aquarium fish to prevent or treat COVID-19?

No. Products marketed for veterinary use, “for research only,” or otherwise not 
for human consumption have not been evaluated for safety or effectiveness and 
should never be used by humans. The FDA is aware that chloroquine phosphate 

https://protect-public.hhs.gov/pages/therapeutics-distribution
https://covid.infusioncenter.org/
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is marketed to treat disease in aquarium fish, but these products have not 
been evaluated by the FDA to determine if they are safe, effective, properly 
manufactured, and adequately labeled. The agency continues to work with 
online marketplaces to remove these items, and many have been removed based 
on these efforts. Patients should not take any form of chloroquine unless it has 
been prescribed by a licensed health care provider. Chloroquine products also 
should not be given to pets or livestock unless prescribed by a veterinarian. 

61. Are antibiotics effective in preventing or treating COVID-19?

No. Antibiotics do not work against viruses; they only work on bacterial 
infections. Antibiotics do not prevent or treat COVID-19, because COVID-19 is 
caused by a virus, not bacteria. Some patients with COVID-19 may also develop a 
bacterial infection, such as pneumonia. In that case, a health care professional 
may treat the bacterial infection with an antibiotic.

62. Should I take ivermectin to prevent or treat COVID-19?

No. While there are approved uses for ivermectin in people and animals, it is not 
approved for the prevention or treatment of COVID-19. You should not take any 
medicine to treat or prevent COVID-19 unless it has been prescribed to you by 
your health care provider and acquired from a legitimate source. Additional 
testing is needed to determine whether ivermectin might be appropriate to prevent 
or treat coronavirus or COVID-19. 

63. What is the FDA doing to protect people from products making 
fraudulent COVID-19 claims?

We have established a cross-agency team dedicated to closely monitoring for 
fraudulent COVID-19 products. In response to internet scammers, the FDA has 
taken—and continues to take—actions to stop those selling unapproved products 
that fraudulently claim to prevent, treat, diagnose or cure COVID-19. The FDA and 
the Federal Trade Commission (FTC) issue warning letters to companies and 
individuals that are unlawfully selling unapproved products with fraudulent 
COVID-19 claims. The FDA also has taken enforcement action against certain 
sellers that continued to illegally market products for prevention or treatment 
of COVID-19. Additionally, the FDA also has reached out to major retailers to 
ask for their help in monitoring online marketplaces for fraudulent COVID-19 
products. You can report websites selling fraudulent medical products to the 
FDA through our website, by phone at 1-800-332-1088, or email to FDA-COVID-19-
Fraudulent-Products@fda.hhs.gov.

https://www.fda.gov/safety/report-problem-fda/reporting-unlawful-sales-medical-products-internet
mailto:FDA-COVID-19-Fraudulent-Products@fda.hhs.gov
mailto:FDA-COVID-19-Fraudulent-Products@fda.hhs.gov
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64. Will there be drug shortages due to COVID-19?

The FDA has been closely monitoring the supply chain with the expectation that 
the COVID-19 outbreak would likely impact the medical product supply chain, 
including potential disruptions to supply or shortages of critical medical products 
in the US We have been reaching out to manufacturers as part of our approach 
to identifying potential disruptions or shortages. We will use all available tools to 
react swiftly and mitigate the impact to US patients and health care professionals 
when a potential disruption or shortage is identified.

Find real-time information about drug shortages.

65. Am I at risk for COVID-19 from taking FDA-approved drugs made 
outside the United States?

Currently, there is no evidence to support transmission of COVID-19 associated 
with imported goods, including food and drugs for humans and pets. There have 
not been any cases of COVID-19 in the United States associated with imported 
goods. 

https://www.accessdata.fda.gov/scripts/drugshortages/default.cfm
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Section 5
Diagnostic Testing for SARS-CoV-25

66. Is there a test for COVID-19?

Yes, the FDA has issued EUAs for different types of COVID-19 tests (Figure 33.15a 
and 33.15b and Table 33.1.). Some tests are used to diagnose the virus that causes 
COVID-19 infection whereas other tests are used to detect a recent or prior 
COVID-19 infection. There are 2 different types of COVID-19 diagnostic tests — 
molecular tests and antigen tests. Molecular tests detect the virus that causes 
COVID-19, SARS-CoV-2. Antigen tests detect specific proteins made by the virus. 
Tests that detect recent or prior COVID-19 infection are called antibody or serology 
tests. The EUAs allow the emergency use of tests during the COVID-19 emergency 
when the FDA determines certain criteria are met. These criteria include that 
the test may be effective at diagnosing COVID-19 and that the known and potential 
benefits outweigh the known and potential risks.

67. How are people tested for COVID-19?

Most tests to diagnose COVID-19 require a swab of your nose, or the part of the 
throat behind the nose, by a health care provider. Some tests use saliva (spit) or 
other types of samples. For most FDA-authorized tests, the swab or sample must be 
sent to a lab for analysis. Some tests allow the patient to collect the sample at home 
and then send it to a lab for analysis. Some tests can be analyzed at the point-of-
care, such as in a doctor’s office or health clinic. The FDA has also authorized 
some at-home tests that allow a person to collect their sample and run the 
test completely at home without sending anything to a lab. Some tests can be 
purchased online or in a store without a prescription, but they may not be available 
everywhere. 

5As of May 7, 2021, there were 370 tests and sample collection devices authorized by the FDA under 
Emergency Use Authorizations (EUAs). These included 270 molecular tests and sample collection 
devices, 76 antibody and other immune response tests, and 24 antigen tests. There are 49 molecular 
authorizations and one antibody authorization that can be used with home collected samples. 
There is one molecular prescription at-home test, two antigen prescription at-home tests, four 
antigen over-the-counter (OTC) at-home tests, and two molecular OTC at-home tests. The FDA has 
authorized 9 antigen tests and 3 molecular tests for serial screening programs. The FDA has also 
authorized 483 revisions to EUA authorizations. The FDA continues to monitor authorized tests and 
emerging scientific evidence and may revise or revoke an EUA, when appropriate, including when 
a test’s benefits no longer outweigh its risks. The FDA provides continuous updates to make clear 
which tests have been issued EUAs by the agency, and which tests should not be used.
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68. Are there any at-home tests for COVID-19?

Yes. There are now FDA-authorized COVID-19 tests available for purchase online 
or in a store that can be used completely at home. At-home tests allow you to 
collect your own sample and test it with a system that gives you results in minutes 
at home. Additionally, the FDA has authorized some tests that can be purchased 
online or in a store that allow you to collect your own sample and then send it to 
a laboratory for analysis.

69. When will other diagnostic tests for COVID-19 be authorized?

The FDA is actively working with test developers and issues EUAs frequently for 
EUA requests with sufficient supporting data.

Table 33.1 COVID-19	 testing	 basics:	 comparing	 the	 diagnostic	 and	 antibody	 tests. 
Courtesy of the FDA.



715Diagnostic Testing for SARS-CoV-2

Figure 33.15a Diagnostic	tests	with	alternative	options.	Courtesy of the FDA.

70. What is the difference between the types of tests available for 
SARS-CoV-2?

There are two different types of tests—diagnostic tests and antibody tests.

 1. A diagnostic test can show if you have an active coronavirus infection and 
should take steps to quarantine or isolate yourself from others. Currently 
there are two types of diagnostic tests—molecular (RT-PCR) tests that 
detect the virus’s genetic material, and antigen tests that detect specific 
proteins on the surface of the virus. Samples are typically collected with a 
nasal or throat swab, or saliva collected by spitting into a tube.

 2. An antibody	test looks for antibodies that are made by the immune system 
in response to a threat, such as a specific virus. Antibodies can help fight 
infections. Antibodies can take several days or weeks to develop after you 
have an infection and may stay in your blood for several weeks after recovery. 
Because of this, antibody tests should not be used to diagnose an active 
coronavirus infection. At this time, researchers do not know if the presence 
of antibodies means that you are immune to the coronavirus in the future. 
While there is a lot of uncertainty with this new virus, it is also possible 
that, over time, broad use of antibody tests and clinical follow-up will 
provide the medical community with more information on whether or not, 
and how long, a person who has recovered from the virus is at lower risk of 
infection if they are exposed to the virus again. Samples are typically blood 
from a finger stick or blood draw.
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A Closer Look at Coronavirus Disease 2019 (COVID-19) Diagnostic Testing

The FDA has worked around the clock to help increase the availability of critical medical 

A patient and consumer overview1 of COVID-19 testing has plain language information about both 

diagnostic testing for COVID-19 and may be of interest to health care providers, test purchasers, 

COVID-19 Diagnostic Tests
In certain types of emergencies, the FDA can issue an 
emergency use authorization, known as an EUA, to 

provide more timely access 
to critical medical 

products (including 
medicines and 

tests) that 
may help 
during the 
emergency 
when 

there are 
no adequate, 

approved, 
and available 

alternative options. 
The FDA has authorized 

for emergency use tests2 that can diagnose infection with 
the virus that causes COVID-19, severe acute respiratory 
syndrome coronavirus 2 or SARS-CoV-2.

The EUA process is different than FDA approval, 
clearance, or licensing because the EUA standard 
requires less evidence than the full approval, clearance, 
or licensing standard. Under an EUA, the data must show 
that a product may be effective and that the known and 
potential benefits outweigh the known and potential 
risks. This enables the FDA to authorize the emergency 

use of medical products that meet the criteria within days 
or weeks rather than months to years. 

The FDA has prioritized review of EUA requests 
for tests where authorization would increase testing 
accessibility (such as point-of-care (POC) tests, home 
collection tests, and at-home tests) or would significantly 
increase testing capacity (such as tests that reduce 
reliance on test supplies and high-throughput, widely 
distributed tests).

Test performance
No test is 100% accurate, and test performance can vary 
based on the prevalence of disease in the population being 
tested. COVID-19 diagnostic tests may be less accurate 
in populations with a low prevalence of disease and in 
asymptomatic individuals, individuals who shed little virus, 
or individuals who are early or late in the course of illness.

Tests are assessed based on their sensitivity and 
specificity. A test’s sensitivity is the fraction of positive 
cases that the test correctly identifies as positive, and a 
test’s specificity is the fraction of negative cases that the 
test correctly identifies as negative.

•  A highly sensitive test will generally have a low false 
negative rate but will run a risk of false positives if 
the test’s specificity is low. 

•  A highly specific test will generally have a low false 
positive rate but will run a risk of false negatives if 
the test’s sensitivity is low.

To help mitigate the impact of false results, most 

1 
2 
diagnostics-euas

Figure 33.15b A closer look at COVID-19 diagnostic testing.
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COVID-19 tests are prescription-only, so that clinicians 
order and can then interpret results for patients. Any 
tests authorized for non-prescription use state in the 
authorization that they are for “direct-to-consumer” (DTC) 
or “over-the-counter” (OTC) use, and the patient labeling 
directs patients to consult their health care provider.

Molecular versus antigen tests
Currently authorized SARS-CoV-2 diagnostic tests 
operate using one of two different underlying 
technological principles. These two diagnostic test types 
are molecular tests and antigen tests. Each type of test 
detects a different part of the SARS-CoV-2 virus particle.

1.  Molecular tests detect the genetic material or nucleic 
acid present inside a virus particle. The FDA has 
authorized molecular tests for use in a traditional 
laboratory setting and authorized some for use in a 
point-of-care (POC) setting. Most molecular tests are 
polymerase chain reaction (PCR) tests, also called 
nucleic acid amplification tests (NAAT). In PCR testing, 
a machine located in a traditional laboratory or a 
POC setting, depending on the test, runs a series of 
reactions. These reactions first convert the virus’s 
ribonucleic acid (RNA), if present, into deoxyribonucleic 
acid (DNA) and then amplify it (make millions of copies 
of the DNA); the test then detects this DNA. By running 
multiple amplification cycles, a PCR test can sense 

even low levels of viral genetic material in a patient’s 
sample, so these tests tend to be highly sensitive 
(especially traditional laboratory PCR tests).

•  A PCR test can be authorized to run batched 
or “pooled” patient samples if the developer 
demonstrates that the test meets the EUA standard 
for pooled testing. If a pooled sample tests positive, 
the samples that were combined then need to be 
tested individually to identify the positive case(s). 
When there is a low prevalence of cases (and a high 
number of negative results is therefore expected), 
pooling samples may result in fewer tests needing 
to be run and fewer testing supplies being required.

2. An antigen test detects one or more specific proteins 
from a virus particle. Most currently-authorized antigen 
tests are POC tests and provide results in less than an hour. 
Antigen tests tend to be highly specific but are typically less 
sensitive than molecular tests. However, because antigen 
tests can generally be produced at a lower cost than 
molecular tests and have a simpler design, antigen tests 
could scale to test millions of individuals per day.

 

When authorizing a product for emergency use, the 
FDA issues a 3 Each Letter of 

3 
diagnostics-euas

  MOLECULAR TEST ANTIGEN TEST

Detects Viral genetic material, through multiple amplification 
cycles in PCR testing

Protein(s) from a virus particle

Sample type Nasal swab, nasopharyngeal swab, mid-turbinate 
swab, respiratory aspirate/lavage, or saliva sample, 
depending on the test

Nasal swab or nasopharyngeal swab, depending on 
the test

Laboratory,  
point-of-care,
or at-home

Most tests are authorized for use in traditional 
laboratories. A few tests are authorized for use at the 
point-of-care. Some tests are authorized for at-home 
sample collection and the patient mails the sample 
to a traditional laboratory for analysis. Some tests 
are authorized to be used completely at home with 
results provided in minutes.

Most tests are authorized for use at the  
point-of-care.

Turnaround time Several hours to days for traditional laboratory tests; 
less than an hour for point-of-care tests; minutes for 
at-home tests

Less than an hour

Sensitivity and 
specificity

Generally highly sensitive (especially traditional 
laboratory PCR tests) and highly specific

Generally highly specific, but less sensitive than 
molecular tests 

Figure 33.15b (Continued)
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Authorization issued for a COVID-19 product is available 
on FDA’s website. These letters set forth the terms and 
conditions of authorization, including the setting for 
conducting the test, the indications for using the test, and 
the responsibilities of the test’s developer, distributors, 
and laboratories performing the test.

Traditional laboratory versus point-of-care  
tests versus at-home tests
The vast majority of SARS-CoV-2 diagnostic tests with 
EUAs are authorized for use in traditional laboratories 
certified under the Clinical Laboratory Improvement 
Amendments of 1988 (CLIA), 41 U.S.C. §263a, to perform 
high or moderate complexity tests. Laboratory tests 
include some tests for which an individual’s nasal swab 
or saliva sample can be self-collected at home and 
then mailed to an authorized laboratory for analysis. 
These “home collection” tests may be prescription or 
non-prescription (direct-to-consumer (DTC)), which will 
be indicated in the authorization. Laboratory tests are 
authorized either for the specific laboratory in which 
the test was developed or for any laboratory that meets 
certain requirements set forth in the EUA. 

Several SARS-CoV-2 diagnostic tests are authorized to 
be conducted entirely at the point-of-care (POC) without 
a sample being sent to a separate laboratory for analysis. 
The term “point-of- care” refers to a patient care 
setting, such as any of the following that meets certain 
requirements under CLIA:

•  Doctors’ offices
•  Nursing homes
•  Urgent care centers
•  Pharmacies
•  School nurse offices
•  Workplace health clinics

For POC tests, each test authorized to date has been 
authorized for use in patient care settings operating with 
a Certificate of Waiver, a Certificate of Compliance, or 
a Certificate of Accreditation under CLIA. The Centers 
for Medicare & Medicaid Services (CMS) issues CLIA 

4 and enforces compliance with CLIA 
regulatory requirements.

An at-home test is a test where a person can collect 
a sample, test the sample at home, and receive results 
directly from the test in a short time, such as 30 minutes 

or less. Tests authorized to be performed completely at 
home may be prescription or over-the-counter (OTC), 
which will be indicated in the authorization. These do not 
require the individual to send a sample to a laboratory for 
processing.

Indications
A SARS-CoV-2 diagnostic test is authorized for use for 
the specific indications included in the EUA. To assist in 
the collection and submission of data and information 
needed to support an EUA request for a test, the FDA 
has provided templates on the agency’s website. The 
authorized indications for use vary from test to test. For 
example, a test may be authorized for one of the following 
categories of indications for use:

•  Authorized for use with certain specimen types 
collected from symptomatic individuals suspected 
of having COVID-19 by their health care provider, 
provided that the individuals have experienced the 
onset of symptoms of COVID-19 within a pre-
specified number of days prior to administration of 
the test.

•  Authorized for use with certain specimen types 
collected from individuals who are suspected of 
having COVID-19 by their health care provider, 
even if the individuals lack symptoms of COVID-19.

•  Authorized for use with certain specimen types 
collected from any individual, including individuals 

4 

Figure 33.15b (Continued)
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without symptoms or any other reasons to suspect 
COVID-19 infection. Tests with this authorization 
are referred to as tests authorized for use in 
“asymptomatic screening.”

Screening Asymptomatic Patients
For licensed health care practitioners who are 
prescribing or administering an authorized SARSCoV-2 
diagnostic test for asymptomatic individuals in 
congregate facilities who are not suspected of having 
COVID-19, we recommend they consider the information 
below, as well as the HHS guidance on PREP Act 
coverage.5

Although the current available literature suggests 
that symptomatic individuals with COVID-19 and 
asymptomatic individuals without known exposure may 
have similar levels of viral genetic material, there is 
limited data on the distribution of viral loads in individuals 
with and without symptoms across demographics, 
different settings, and specimen types.

Therefore, when screening asymptomatic individuals, 
health care providers should consider using a highly 
sensitive test, especially if rapid turnaround times are 
available. If highly sensitive tests are not feasible, or if 
turnaround times are prolonged, health care providers 

may consider use of less sensitive POC tests, even if 
they are not specifically authorized for this indication 
(commonly referred to as “off-label”). For congregate 
care settings, like nursing homes or similar settings, 
repeated use of rapid POC testing may be superior for 
overall infection control compared to less frequent, highly 
sensitive tests with prolonged turnaround times.

When using tests for general asymptomatic 
screening, health care providers should be aware of 
the performance of the tests and may want to consider 
different testing approaches, such as a predefined serial 
testing plan or directed testing of high-risk individuals.

“Negative” results should be considered as 
“presumptive negative,” and health care providers should 
consider them in the context of clinical observations, 
patient history, and epidemiological information. Thus, 
if there is a significant new outbreak in a congregate 
care facility or high clinical suspicion of an infection in 
an individual resident, a negative POC test should be 
confirmed with a highly sensitive molecular test (refer to 
CDC guidelines).

It is not necessary to perform confirmatory high 
sensitivity molecular tests on individuals with negative 
antigen test or other POC test results if they are obtained 
during routine screening or surveillance.

5 

Figure 33.15b (Continued)
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Section 6
Pregnancy and COVID-19

Take these steps to protect yourself and your baby from COVID-19 (Fig. 33.16).
Pregnant? Take these steps to protect yourself and your baby  
from COVID-19

Accessible Link: https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/pregnancy-breastfeeding.html

CS 321872-A    01/25/2021

Pregnant people with COVID-19 are at an increased risk for severe illness or death from COVID-19 
compared to people with COVID-19 who are not pregnant. 

Severe illness means that a person with COVID-19 may need:

 • Hospitalization

 • Intensive care

 • A ventilator to help them breathe

Pregnant people with COVID-19 might also be more likely to have a 
baby that is born premature.

If you are pregnant, here’s what you can do to protect yourself: 

Avoid interacting with people who might have been 
exposed to or infected with COVID-19 as much possible, 
including people that live with you.

If you do go out or interact with people who don’t live with you, 
you should:

 • Wear a mask.

 • Stay at least 6 feet away from anyone who doesn’t live with you.

 • Wash your hands frequently with soap and water for at least 20 
seconds. If soap and water are not available, use a hand sanitizer 
with at least 60% alcohol.

 • Avoid crowds where social distancing can’t be maintained and 
indoor spaces that do not offer fresh air from the outdoors. 

Keep all of your recommended healthcare appointments during  
and after your pregnancy including your prenatal care appointments. 

 • Some of these appointments can be done virtually, like on a phone  
or on a computer.

Get recommended vaccines, including the flu vaccine and the  
whooping cough (Tdap) vaccine.

If you are part of a group recommended to receive the COVID-19 
vaccine, you may choose to get vaccinated. 

 • Talk to your healthcare provider to help you make an informed decision.

Ask your healthcare provider if you can get a 30-day (or  
longer) supply of your medicines, so you can make fewer trips to  
the pharmacy. 

 • If possible, ask someone to go to the pharmacy for you. 

Call your healthcare provider if you have any health concerns.
 • If you need emergency help, call 911 right away. Don’t delay getting 
emergency care because of COVID-19. 

cdc.gov/coronavirus 
Figure 33.16 Protection	from	COVID-19	during	pregnancy.
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Section 7

Personal Protective Equipment

71. Should I purchase PPE such as facemasks or N95 respirators for me 
and my family?

No. Surgical masks (Fig. 33.17) and N95s (Fig. 33.18) need to be reserved for use 
by health care workers, first responders, and other frontline workers whose jobs 
put them at much greater risk of acquiring COVID-19. The cloth face coverings 
recommended by CDC are not surgical masks or N95 respirators. Surgical masks 
and N95s are critical supplies that must continue to be reserved for health care 
workers and other medical first responders, as recommended by CDC.

 

Figure 33.17	 A	 surgical	 mask	 is	 a	 loose-fitting,	 disposable	 device	 that	 creates	 a 
physical	 barrier	 between	 the	 mouth	 and	 nose	 of	 the	 wearer	 and	 potential 
contaminants in the immediate environment. These are often referred to as face masks, 
although not all face masks are regulated as surgical masks. Note that the edges of the 
mask are not designed to form a seal around the nose and mouth.

 

Figure 33.18	 An	N95	 respirator	 is	 a	 respiratory	 protective	 device	designed	 to	 achieve 
a	 very	 close	 facial	 fit	 and	 very	 efficient	 filtration	 of	 airborne	 particles. Note that the 
edges of the respirator are designed to form a seal around the nose and mouth.
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72. Is there a shortage of PPE such as gloves, masks, and N95 respirators 
or of ventilators?

The FDA has been working closely with PPE and ventilator (Fig. 33.19) manufacturers 
to understand their supply capabilities during this pandemic. The agency is also 
aware of challenges throughout the supply chain that are presently impacting 
the availability of PPE products and is taking steps to mitigate shortages that 
health care facilities are already experiencing. The FDA issued new guidance to 
give ventilator manufacturers and non-medical device manufacturers more 
flexibility to start making new ventilators and parts. We adjusted our screening 
of PPE and medical devices at US ports of entry to expedite imports of legitimate 
products into the US With CDC we took action to make more respirators, including 
certain N95s, available to health care personnel for use in health care settings. 
The FDA encourages manufacturers and health care facilities to report any 
supply disruptions to the device shortages mailbox at deviceshortages@fda.hhs.gov.

 

Figure 33.19 A ventilator in use.

73. Can 3D printing be used to make PPE?

PPE includes protective clothing, gowns, gloves, face shields, goggles, face masks, 
and respirators or other equipment designed to protect the wearer from injury 
or the spread of infection or illness. While it is possible to use 3D printing to 
make certain PPE, there are technical challenges. 3D-printed PPE may provide a 
physical barrier, but 3D-printed PPE are unlikely to provide the same fluid 
barrier and air filtration protection as FDA-cleared surgical masks and N95 
respirators. The CDC has recommendations for how to optimize the supply of 
face masks. Find more information about 3D printing during the COVID-19 
pandemic.

https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-continues-facilitate-access-crucial-medical-products-including
mailto:deviceshortages@fda.hhs.gov
https://www.fda.gov/medical-devices/coronavirus-covid-19-and-medical-devices/3d-printing-medical-devices-accessories-components-and-parts-during-covid-19-pandemic
https://www.fda.gov/medical-devices/coronavirus-covid-19-and-medical-devices/3d-printing-medical-devices-accessories-components-and-parts-during-covid-19-pandemic
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74. I built a DIY ventilator using instructions I found on the internet. 
May I sell it?

DIY ventilator makers may request that their product be added to the EUA that 
the FDA issued on March 24, 2020, to legally market the product in the US. 
Instructions on how to do so, and the criteria for ventilator safety, performance 
and labeling, may be found on the FDA’s website related to ventilators, 
anesthesia gas machines modified for use as ventilators, positive pressure 
breathing devices modified for use as ventilators, ventilator tubing connectors, 
and ventilator accessories.
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Section 8

Food Products

 

75. What is the FDA’s role in helping to ensure the safety of the human 
and animal food supply?

To protect public health, the FDA monitors domestic firms and the foods that they 
produce. The FDA also monitors imported products and foreign firms exporting 
to the United States. The FDA protects consumers from unsafe foods through 
research and methods development; inspection and sampling; and regulatory 
and legal action.

76. Will there be food shortages?

In some cases, the inventory of certain foods at your grocery store might be 
temporarily low before stores can restock. Food production and manufacturing 
generally are widely dispersed throughout the US, however; there is a significant 
shift in where consumers are buying food during the pandemic. While food use in 
large-scale establishments, such as hotels, restaurants, sports arenas/stadiums 
and universities suddenly declined, the demand for food at grocery stores 
increased. The FDA has issued temporary guidance to provide flexibility in 
packaging and labeling requirements to support food supply chains and get foods 
to the consumer retail marketplace. The FDA is closely monitoring the food 
supply chain for any shortages in collaboration with industry and our federal 
and state partners. We are in regular contact with food manufacturers and grocery 
stores. 

77. Why is the FDA providing flexibility to food manufacturers, under 
limited circumstances during the COVID-19 public health emergency, 
to make minor changes in ingredients without reflecting those 
changes on the package label?

Due to limited shortages of specific ingredients and foods, or unexpected supply 
chain disruptions in some industries, food manufacturers may need to make 

https://www.fda.gov/food/guidance-regulation-food-and-dietary-supplements/guidance-documents-regulatory-information-topic-food-and-dietary-supplements#y2020
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small changes to some ingredients during the COVID-19 public health emergency. 
Manufacturers may not be able to relabel their products to reflect these minor 
changes on the food label without slowing down the processing or distribution 
of the food. To avoid slowing down food processing or distribution during 
the coronavirus pandemic, the FDA issued a guidance available on the FDA’s 
website. The temporary policy provides food manufacturers with flexibility 
to make minor formulation changes in certain, limited circumstances without 
making conforming label changes on packages as long as any substitutions or 
omissions of ingredients do not pose a health or safety issue (such as allergens), 
and do not cause significant changes in the finished product.

78. What do I need to know about the temporary policy for food 
labeling of minor ingredient changes during the COVID-19 public 
health emergency if I have food allergies?

Although the temporary policy allows some flexibility, the eight major food 
allergens under the Food Allergen Labeling and Consumer Protection Act (FALCPA) 
of 2004 cannot be substituted for labeled ingredients by manufacturers without 
a corresponding label change. While the temporary policy does not list all 
ingredients known to cause sensitivities in some people, manufacturers should 
avoid substituting ingredients with major food allergens or with ingredients 
recognized as priority allergens (such as sesame, celery, lupin, buckwheat, 
molluscan shellfish, and mustard) in other parts of the world without a label 
change. These flexibilities are intended to remain in effect only for the duration of 
the COVID-19 public health emergency in the United States. However, when 
this public health emergency is over, extensions may be needed if the food 
and agriculture sectors need additional time to bring supply chains back into 
regular order. 

79. Will there be animal food shortages?

There are no nationwide shortages of animal food, although in some cases 
the inventory of certain foods at your grocery store might be temporarily low 
before stores can restock. Animal food production and manufacturing are 
widely dispersed throughout the United States and no widespread disruptions have 
been reported in the supply chain.

80. What are the most important things I need to know to keep 
myself and others safe when I go to the grocery store during the 
pandemic?

There are steps you can take to help protect yourself, grocery store workers 
and other shoppers, such as wearing a face covering, practicing social distancing, 
and using wipes on the handles of the shopping cart or basket. Review Fig. 33.20 
for more tips on shopping for food during the COVID-19 pandemic.
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www.fda.gov April 2020

COVID-19
Information for Consumers — Shopping for Food
As grocery shopping remains a necessity during this pandemic, many people have questions about how to shop 
safely. We want to reassure consumers that there is currently no evidence of human or animal food or food 
packaging being associated with transmission of the coronavirus that causes COVID-19. This particular coronavirus 
causes respiratory illness and is spread from person-to-person, unlike foodborne gastrointestinal or GI viruses, 
such as norovirus and hepatitis A that often make people ill through contaminated food.
Although your grocery store may be temporarily out of certain products, there are no nationwide shortages of food. 
Food production and manufacturing are spread throughout the United States. During this pandemic, consumers 
are getting most of their food from grocery stores, and many stores have modified their operating hours to allow 
for more time to restock shelves and clean. In addition, many stores are providing special hours for seniors or 
other high-risk individuals to shop and are offering pick-up and delivery services. Check the store’s website or call 
the store to learn more.
To help protect yourself, grocery store workers, and other shoppers, it is important to keep a few things in mind:

1.

Prepare a shopping list in 
advance. Buy just 1 to 2 weeks-
worth of groceries at a time. 
Buying more than you need can 
create unnecessary demand and 
temporary shortages.

2.

Wear a face covering or mask 
while you are in the store. Some 
stores and localities may require 
it. Check your state, county, or 
city guidelines for any other 
requirements.

3.

Carry your own wipes, or use one 
provided by the store to wipe down 
the handles of the shopping cart 
or basket. If you use reusable 
shopping bags, ensure they are 
cleaned or washed before each 
use. 

4.
Practice social distancing while 
shopping – keeping at least 6 feet 
between you, other shoppers, and 
store employees. Keep your hands 
away from your face. 

5.
Wash your hands with warm water 
and soap for at least 20 seconds 
when you return home and again 
after you put away your groceries. 

6.

Again, there is no evidence of food 
packaging being associated with 
the transmission of COVID-19. 
However, if you wish, you can wipe 
down product packaging and allow 
it to air dry, as an extra precaution.

7.

Before eating, rinse fresh fruits 
and vegetables under running 
tap water, including those with 
skins and rinds that are not 
eaten. Scrub firm produce with a 
clean produce brush. For canned 
goods, remember to clean lids 
before opening.

8. 2
HOURS

When unpacking groceries, 
refrigerate or freeze meat, 
poultry, eggs, seafood, and 
other perishables—like 
berries, lettuce, herbs, and 
mushrooms—within 2 hours of 
purchasing.

9.

Regularly clean and sanitize 
kitchen counters using a 
commercially available 
disinfectant product or a 
DIY sanitizing solution with 
5 tablespoons (1/3rd cup) 
unscented liquid chlorine 
bleach to 1 gallon of water or 4 
teaspoons of bleach per quart of 
water. WARNING: Do not use this 
solution or other disinfecting 
products on food. 

10.
CLEAN
SEPARATE
COOK
CHILL

1
2
3
4

Always keep in mind the basic 
4 food safety steps — Clean, 
Separate, Cook, and Chill.

As always, it is important to follow these food safety 
practices to help prevent foodborne illness:

Food is a source of comfort, as well as nourishment for you and your family – especially now – and we hope this 
advice will help you continue to buy groceries with care and confidence.

Figure 13.20 COVID-19 information for consumers: shopping for food.
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81. Are food products produced in the United States or other countries 
affected by COVID-19 a risk for the spread of COVID-19?

There is no evidence to suggest that food produced in the United States or 
imported from countries affected by COVID-19 can transmit COVID-19.

82. Can I get the coronavirus from food, food packaging, or food 
containers and preparation area?

Currently there is no evidence of food, food containers, or food packaging being 
associated with transmission of COVID-19. Like other viruses, it is possible that 
the virus that causes COVID-19 can survive on surfaces or objects. If you are 
concerned about contamination of food or food packaging, wash your hands 
after handling food packaging, after removing food from the packaging, before 
you prepare food for eating and before you eat. Consumers can follow CDC 
guidelines on frequent hand washing with soap and water for at least 20 seconds 
(Fig. 33.21); and frequently clean and disinfect surfaces. It is always important to 
follow the 4 key steps of food safety—clean, separate, cook, and chill.

 

Figure 33.21 During the COVID-19 pandemic, keeping hands clean is especially 
important to help prevent the virus from spreading.

83. Is the US food supply safe?

Currently there is no evidence of food or food packaging being associated with 
transmission of COVID-19. Unlike foodborne gastrointestinal (GI) viruses like 
norovirus and hepatitis A that often make people ill through contaminated food, 
SARS-CoV-2, which causes COVID-19, is a virus that causes respiratory illness and 
not gastrointestinal illness, and foodborne exposure to this virus is not known to 
be a route of transmission. It may be possible that a person can get COVID-19 
by touching a surface or object that has the virus on it and then touching their 
own mouth, nose, or possibly their eyes, but this is not thought to be the main 
way the virus spreads.

https://www.cdc.gov/handwashing/
https://www.cdc.gov/handwashing/
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84. Is the US animal food supply safe?

Currently there is no evidence of animal food or food packaging being associated 
with transmission of COVID-19. Foodborne exposure to the virus that causes 
COVID-19 is not known to be a route of transmission.

85. Can I get COVID-19 from a food worker handling my food?

Currently, there is no evidence of food or food packaging being associated with 
transmission of COVID-19. However, the virus that causes COVID-19 is spreading 
from person-to-person in some communities in the US. The CDC recommends 
that if you are sick, stay home until you are better and no longer pose a risk of 
infecting others. Anyone handling, preparing and serving food should always 
follow safe food handling procedures, such as washing hands and surfaces often.

86. Should food workers who are ill stay home?

CDC recommends that employees who have symptoms of acute respiratory illness 
stay home and not come to work until they are free of fever (100.4° F [37.8° C] or 
greater using an oral thermometer), signs of a fever, and any other symptoms for 
at least 24 hours, without the use of fever-reducing or other symptom-altering 
medicines (e.g. cough suppressants). Employees should notify their supervisor 
and stay home if they are sick. We recommend that businesses review CDC’s 
interim guidance for businesses and employers for planning and responding to 
coronavirus disease. Also see the FDA’s Retail Food Protection: Employee Health 
and Personal Hygiene Handbook.

87. Should food facilities (grocery stores, manufacturing facilities, 
restaurants, etc.) perform any special cleaning or sanitation 
procedures for COVID-19?

CDC recommends routine cleaning of all frequently touched surfaces in the 
workplace, such as workstations, countertops, and doorknobs. Use the cleaning 
agents that are usually used in these areas and follow the directions on the label. 
CDC does not recommend any additional disinfection beyond routine cleaning at 
this time. View the current list of products that meet EPA’s criteria for use against 
SARS-CoV-2. 

Restaurants and retail food establishments are regulated at the state and 
local level. State, local, and tribal regulators use the Food Code published by the 
FDA to develop or update their own food safety rules. Generally, FDA-regulated 
food manufacturers are required to maintain clean facilities, including, as 
appropriate, clean and sanitized food contact surfaces, and to have food safety plans 
in place. Food safety plans include a hazards analysis and risk-based preventive 
controls and include procedures for maintaining clean and sanitized facilities 
and food contact surfaces. 

https://www.fda.gov/food/buy-store-serve-safe-food/safe-food-handling
https://www.cdc.gov/coronavirus/2019-ncov/community/guidance-business-response.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fspecific-groups%2Fguidance-business-response.html
https://www.cdc.gov/coronavirus/2019-ncov/community/guidance-business-response.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fspecific-groups%2Fguidance-business-response.html
https://www.fda.gov/food/retail-food-industryregulatory-assistance-training/retail-food-protection-employee-health-and-personal-hygiene-handbook
https://www.fda.gov/food/retail-food-industryregulatory-assistance-training/retail-food-protection-employee-health-and-personal-hygiene-handbook
https://www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
https://www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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88. What is the FDA doing to respond to foodborne illnesses during 
the COVID-19 pandemic?

The virus that causes COVID-19 is a virus that causes respiratory illness. Viruses 
like norovirus and hepatitis A that can make people sick through contaminated 
food usually cause gastrointestinal or stomach illness. Currently there is no 
evidence of food, food containers, or food packaging being associated with 
transmission of COVID-19. The CDC, FDA, and USDA continue to work 
with state and local partners to investigate foodborne illness and outbreaks 
during the COVID-19 pandemic. The FDA’s Coordinated Outbreak Response and 
Evaluation (CORE) Network manages outbreak response, as well as surveillance 
and post-response activities related to incidents involving multiple illnesses linked 
to FDA-regulated human food products. During this coronavirus outbreak, 
CORE’s full-time staff will continue to operate to prepare for, coordinate and carry 
out response activities to incidents of foodborne illnesses. The FDA’s Center 
for Veterinary Medicine manages outbreak response for animal food and is 
similarly staffed and prepared to respond to incidents of foodborne illness in 
animals.
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Section 9

Animals, Pets, and Animal Drug Products

89. What is the FDA’s role in regulating animal drugs, animal food 
(including pet food), and animal medical devices?

The FDA approves and regulates animal drugs to ensure they are safe and effective. 
In addition, the FDA helps ensure that animal food (including pet food) is safe 
and truthfully labeled. The FDA has post-market authority over veterinary 
medical devices.

90. Can I give my pet COVID-19? Can I get COVID-19 from my pet or 
other animals?

There is a very small number of pets around the world reported to be infected 
with the virus that causes COVID-19 after having contact with a person with 
COVID-19. Based on the limited information currently available, the risk of animals 
spreading COVID-19 to people is considered low. Until we learn more about how 
this virus affects animals, treat pets as you would other human family members 
to protect them from a potential infection.

 • Do not let pets interact with people outside the household.
 • Keep cats indoors when possible to prevent them from interacting with 

other animals or people.
 • Walk dogs on a leash, maintaining at least 6 feet (2 meters) from other 

people.
 • Avoid dog parks or public places where a large number of people gather.

Talk to your veterinarian if your pet gets sick or if you have any concerns 
about your pet’s health. Learn more about Pet Safety & COVID-19. 

https://www.fda.gov/consumers/consumer-updates/helpful-questions-and-answers-about-coronavirus-covid-19-and-your-pets
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91. Is there a test for COVID-19 in pets? If so, has it been approved by 
the FDA?

Certain veterinary diagnostic laboratories have developed diagnostic tests for 
SARS-CoV-2 for use in pets if needed. Diagnostic tests for animals are regulated 
differently than those for humans. The FDA does not require approval or clearance 
of a 510(k), PMA, or any other pre-market submission for devices, including 
diagnostic tests, intended for animal use. The FDA does, however, have post-market 
regulatory oversight over devices intended for animal use and can take 
appropriate regulatory action if an animal device is misbranded or adulterated. 
Certain private, state, and university veterinary diagnostic laboratories have 
developed diagnostic tests for SARS-CoV-2 for use in dogs and cats. The FDA is 
also aware of at least two veterinary tests for COVID-19 in pets developed by 
commercial laboratories initially for internal surveillance, but the agency has 
not evaluated the validity of these tests. The tests are not currently available 
for routine testing. The decision to test pets should be made collaboratively 
between local, state, or federal public and animal health officials.

92. Should I get my pet tested for COVID-19?

Routine testing of pets for COVID-19 is not recommended at this time. There 
is currently no evidence that animals are a source of COVID-19 infection in the 
United States. Based on the limited information available to date, the risk of 
pets spreading the virus is considered to be low. If your pet is sick, consult your 
veterinarian. Animal testing is reserved for situations when the results may affect 
the treatment or management of people and animals. If your veterinarian thinks 
your pet is a candidate for testing, they will consult the state veterinarian and 
public health officials. Do not contact your state veterinarians directly: they do 
not have the client/patient-veterinarian relationship that would allow them to 
fully understand the situation and they are also actively involved in other animal 
disease-related emergencies as well as response to COVID-19.

93. What animal species can get COVID-19?

We currently don’t fully understand how COVID-19 affects different animal species. 
We are aware of a very small number of pets, including dogs, cats and a ferret 
reported to be infected with the virus that causes COVID-19 after close contact 
with people with COVID-19. Large cats in captivity, including several lions and 
tigers in a New York zoo, a puma in South Africa, and tigers in a Tennessee zoo 
have tested positive for SARS-CoV-2, as have several gorillas at the San Diego zoo, 
after showing signs of respiratory illness. It is suspected these animals became 
sick after being exposed to zoo employees with COVID-19. The virus that causes 
COVID-19 has been reported in minks on farms in the Netherlands, Denmark, 
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Spain, Italy, Sweden and the United States. Once the virus is introduced on a farm, 
spread can occur between mink as well as from mink to other animals on the 
farm (dogs, cats). Because some workers on these farms had COVID-19, it is likely 
that infected farm workers were the initial source of mink infections. Recent 
research shows that ferrets, cats, fruit bats, and golden Syrian hamsters can be 
experimentally infected with the virus and can spread the infection to other 
animals of the same species in laboratory settings. Mice, pigs, chickens, and ducks 
did not become infected or spread the infection based on results from these 
studies. Data from one study suggest that dogs are not as likely to become 
infected with the virus as cats and ferrets. These findings were based upon a 
small number of animals and do not indicate whether animals can spread infection 
to people. For any animal that tests positive for SARS-CoV-2 at a private or state 
laboratory, USDA’s National Veterinary Services Laboratories performs additional 
testing to confirm the infection and posts the results on its website. 

94. Since domestic cats can get infected with the virus that causes 
COVID-19, should I worry about my cat?

We are still learning about this virus and how it spreads, but it appears it can 
spread from humans to animals in some situations. The FDA is aware of a very 
small number of pets, including cats, reported to be infected with the virus that 
causes COVID-19. The majority of these cases were linked to close contact 
with people who tested positive for COVID-19. At this time, there is no evidence 
that pets, including cats and dogs, play a role in spreading COVID-19 to people. 
The virus that causes COVID-19 spreads mainly from person to person, typically 
through respiratory droplets from coughing, sneezing, or talking. People sick 
with COVID-19 should isolate themselves from other people and animals, 
including pets, during their illness until we know more about how this virus affects 
animals. If you must care for your pet or be around animals while you are sick, 
wear a cloth face covering and wash your hands before and after you interact 
with pets.

95. Why are animals being tested when many people can’t get tested?

The FDA, USDA and CDC recommend that any testing of animals should be 
conducted using kits not required when testing people. USDA’s National Veterinary 
Services Laboratories (NVSL) and the laboratories of the National Animal Health 
Laboratory Network (NAHLN) use tests developed for animal testing that are 
not used for testing in people. This avoids placing additional stresses on human 
testing resources while also recognizing the potential importance of animal 
testing to supporting public health. Although animal and human tests are 
generally similar, this type of testing has to be adjusted in each species and for 
each sample type (blood, feces, nasal swab). Human and animal tests are not 
intended to be interchangeable. Some testing performed on animals is based on 
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the published tests used in people, but animal testing is not likely to reduce the 
availability of tests for people if labs follow recommendations from the FDA, 
USDA, and CDC that animal testing be conducted using tests developed for animals.

96. Can pets carry the virus that causes COVID-19 on their skin or fur?

Although we know certain bacteria and fungi can be carried on fur and hair, there is 
no evidence that viruses, including the virus that causes COVID-19, can spread to 
people from the skin, fur, or hair of pets. However, because animals can sometimes 
carry other germs that can make people sick, it’s always a good idea to practice 
healthy habits (Fig 33.22) around pets and other animals, including washing 
hands before and after interacting with them and especially after cleaning up 
their waste. There are no products that are FDA-approved to disinfect the hair or 
coats of pets, but if you do decide to bathe or wipe off your pet, first talk to 
your veterinarian about suitable products. Never use hand sanitizer, counter- 
cleaning wipes or other industrial or surface cleaners, as these can penetrate the 
skin or be licked off and ingested by your pet. If you have recently used any of 
these products on your pet, or your pet is showing signs of illness after use, 
contact your veterinarian and rinse or wipe down your pet with water. 

97. Are there any approved products that can prevent or treat 
COVID-19 in animals?

No. Under the Federal Food, Drug, and Cosmetic (FD&C) Act, “articles intended 
for use in the diagnosis, cure, mitigation, treatment, or prevention of disease in 
man or other animals” are drugs. The FDA has not approved any drugs for the 
diagnosis, cure, mitigation, treatment, or prevention of COVID-19 in animals. The 
USDA’s Animal and Plant Health Inspection Service (APHIS) Center for Veterinary 
Biologics (CVB) regulates veterinary biologics, including vaccines, diagnostic 
kits, and other products of biological origin. Similarly, APHIS CVB has not licensed 
any products to treat or prevent COVID-19 in animals. The FDA has taken action 
against unapproved products claiming to prevent or cure COVID-19. The public 
can help safeguard human and animal health by reporting any products claiming 
to do so to FDA-COVID-19-Fraudulent-Products@fda.hhs.gov or 1-888-INFO-FDA 
(1-888-463-6332).

98. Is it true that animals, like dogs, cats, and cattle, get their own 
different types of coronavirus?

Yes. Coronaviruses are a large family of viruses. Some coronaviruses like COVID-19 
cause cold-like illnesses in people, while others cause illness in certain types 
of animals, such as cattle, camels, and bats. Some coronaviruses, such as 
canine and feline coronaviruses, only infect animals and do not infect humans. 
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For example, bovine coronavirus causes diarrhea in young calves, and pregnant 
cows are routinely vaccinated to help prevent infection in calves. This vaccine is 
only licensed for use in cattle for bovine coronavirus and is not licensed to

• Always wash your hands—and your child's—after handling or being around animals or their waste,
food, or supplies (like cages, water bowls, toys, beds, leashes, etc.). This is especially important before
handling baby bottles and paci�ers or holding infants.

• Choose the right pets for your household. Do some research before getting a new pet.

• Don't kiss, snuggle, or hold rodents, reptiles, amphibians, and poultry close to your face.
These animals are more likely to spread germs.

• Always supervise children around pets. Don’t let them kiss their pets, hold pets close to
their faces, or allow pets to lick their face or mouth.

• Keep pets and their supplies out of the kitchen or other areas where you prepare,
serve, or eat food.

• Clean up after animals properly.

HOW TO STAY HEALTHY AROUND PETS

» Scoop cat litter daily (especially
if anyone in the home is
pregnant) and change it at least
twice weekly. Pregnant women
should not clean cat litter.

» Always remove
dog waste from
private and
public spaces.

» Clean cages, habitats, and supplies outside the home when possible to
avoid contaminating surfaces. If that is not possible, then clean them in
a laundry sink or bathtub and then disinfect that

area immediately afterwards. 
• Avoid rough play with animals to prevent bites and scratches. Teach children to play with animals

appropriately. Do not let small children near pets that are eating.

• Clean bites and scratches immediately with soap and water, and seek medical care if the wound
is serious or becomes red, painful, warm, or swollen; the animal appears sick; or if you don't know the
vaccination status of the animal.

• Enjoy wildlife from a safe distance to avoid illness and injury.

31
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» Children under 5 years of age, adults over 65 years of age,
and anyone with a weakened immune system should not
have contact with rodents, reptiles, amphibians, and poultry.

www.cdc.gov/healthypets

Accessible information: https://www.cdc.gov/healthypets/publications/stay-healthy-pets.html

Figure 33.22 How to stay healthy around pets.
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prevent COVID-19 in cattle or other species, including humans. Dogs can get a 
respiratory coronavirus, which is part of the complex of viruses and bacteria 
associated with canine infectious respiratory disease, commonly known as 
“kennel cough.” While this virus is highly contagious among both domestic and 
wild dogs, it is not transmitted to other animal species or humans. Most strains 
of feline enteric coronavirus, a gastrointestinal form, are fought off by a cat’s 
immune system without causing disease. However, in a small proportion of these 
cats, the virus can cause feline infectious peritonitis (FIP), a disease that is almost 
always fatal. Other species, like horses, turkeys, chickens, and swine, can contract 
their own species-specific strains of coronavirus but, like the other strains 
mentioned above, they are not known to be transmissible to humans. More 
information is available in the American Veterinary Medical Association’s fact 
sheet about coronaviruses in domestic species.

99. If my pet previously had a species-specific coronavirus, does that 
make them more or less likely to get COVID-19?

There are no data to suggest that current or previous infection with another 
strain of coronavirus would make your pet more or less likely to get COVID-19.

100. If my pet has been vaccinated for species-specific coronavirus, 
does that make them more or less likely to get COVID-19?

Species-specific coronavirus vaccines are unlikely to work against this type of 
coronavirus because it is a new virus that is different from the species-specific 
strains of coronavirus targeted by the vaccine.

https://www.avma.org/sites/default/files/2020-02/AVMA-Coronavirus-Taxonomy-Notes.pdf
https://www.avma.org/sites/default/files/2020-02/AVMA-Coronavirus-Taxonomy-Notes.pdf
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Box 33.1 What’s	in	a	name?	Importance	of	nomenclature

It is important to distinguish the SARS-CoV-2 virus from the disease it causes, 
namely, COVID-19. The disease is caused by a coronavirus, the same class of 
virus that causes the common cold. During the initial outbreak various names 
were used for the virus, including, the “coronavirus,” “Wuhan coronavirus,” or 
“the Chinese virus.” In February 2020, the International Committee on Taxonomy 
of Viruses adopted the official name “Severe Acute Respiratory Syndrome 
Coronavirus 2” (SARS-CoV-2). This name comes from the disease it causes, 
namely, severe acute respiratory syndrome; CoV stands for coronavirus, and 
the number 2 was added because it is the second coronavirus that causes a 
serious respiratory disease (in 2019). Some publications and articles in the 
media refer to SARS-CoV-2 as “the COVID-19 virus” or “HCoV-19 virus.”

 

A virus is an entity that infects liv ing organisms/cells and requires a host for 
survival and multiplication. The term “pandemic,” on the other hand, refers 
to the outbreak, occurrence, and spread of a particular disease. In that sense, 
it has a much more prominent social connotation. The layperson often calls 
both the virus and the disease it causes, “coronavirus,” often omitting the 
numerical designation at the end. As a microbiologist, I will not use the two 
terms SARS-CoV-2 (the virus) and COVID-19 (the disease) interchangeably 
because they are distinct. In this chapter, I will use the terms SARS-CoV-2 
virus, CoV-2 virus, and coronavirus 2 interchangeably to refer to the virus 
that causes COVID-19.
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(Continued)

Box 33.2 Severe	Acute	Respiratory	Syndrome	Coronavirus	2	(SARS-CoV-2)

The first coronavirus, avian infectious bronchitis virus, was discovered in 1937. 
Forty years later when electron microscopy was performed on specimens 
from cultures of viruses known to cause colds in humans, the particles were and 
identified as avian infectious bronchitis virus. The term “coronavirus,” is from 
the Latin word, corona (“crown”) because the glycoprotein spikes of these 
viruses create an image similar to a solar corona (Box 33.1, the figure on the 
next page, and also Figs. 33.25a,b and 33.26). Coronaviruses belong to the 
Coronaviridae family in the Nidovirales order and are in the nanoparticle size 
range (65–125 nm in diameter) and contain a single-stranded RNA as a nucleic 
material, ranging from 26 to 32 kbs in length. The subgroups of coronaviruses 
family are alpha (α), beta (β), gamma (γ), and delta (δ) coronavirus. SARS-CoV, 
H5N1 influenza A, H1N1 2009, and MERS-CoV cause acute lung injury (ALI) and 
acute respiratory distress syndrome (ARDS) which leads to pulmonary failure and 
result in fatality.

The Chinese government informed the WHO in December 2019 that SARS-
CoV-2 originated in Wuhan. However, circumstantial evidence now (in May 
2021) points to its emergence months earlier in 2019, with the finger pointing 
to a possible lab leak. The WHO declared it as Public Health Emergency of 
International Concern (PHEIC) in January 2020, and finally a pandemic in March 
2020. According to one study, of the individuals infected by the virus, about 
80% had mild to moderate disease and among those with severe disease, 5% 
develop critical illness (JAMA 2020; 323:1239–1242). Those infected with 
SARS-CoV-2 virus generally develop symptoms 4–5 days postexposure and 
include fever, throat pain, cough, muscle or body aches, loss of taste or smell, 
and diarrhea. Recovery from mild infection commonly resolves within 7–10 days 
after the onset of symptoms but can take 3–6 weeks in severe/critical illness  
(Report of the WHO-China joint mission on coronavirus disease 2019). However, 
continued follow-up of patients who recovered from COVID-19 showed that 
one or more symptoms persist in a substantial percentage of people, even weeks 
or months after COVID-19. Coronavirus can also cause forgetfulness, psychosis, 
mania, or a stutter (Scientific American Health & Medicine 2021; 3(2):15–18). 

Courtesy of NIH.
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Along with the pneumonia, blood clots, and other serious health concerns 
caused by SARS-CoV-2, some studies have now also identified another troubling 
connection: the virus can target and impair cells in the pancreas causing 
Type 1 diabetes (Cell Metab 2021; S1550–4131(21)00232-1; Cell Metab. 2021; 
S1550–4131(21)00230-8.). A few of those who recovered from COVID-19 
develop persistent or new symptoms lasting weeks or months; this is referred 
to as “long COVID,” “Long Haulers,” or “Post COVID syndrome.” Long COVID can 
be continuous or relapsing and remitting in nature (BMJ (2020). 370:m3489, 
http://dx.doi.org/10.1136/bmj.m3489). Majority of patients with post-COVID 
syndrome are polymerase chain reaction (PCR) negative.

Genomic analysis revealed that SARS-CoV-2 is phylogenetically related to 
SARS-like bat viruses, leading to the theory that this novel virus is also of bat 
origin with a currently unknown animal species potentially acting as an 
intermediate host between bats and humans. The highly infectious virus mainly 
targets pulmonary epithelial cells via its spike protein that binds to the host’s 
angiotensin converting enzyme 2 (ACE2) receptor. There is data to show that 
besides human ACE2 (hACE2), SARS-CoV-2 also recognizes ACE2 from pig, ferret, 
rhesus monkey, civet, cat, pangolin, rabbit, and dog. An important conclusion of 
this broad receptor usage of SARS-CoV-2 implies that it may have a wide host 
range, and the varied efficiency of ACE2 usage in different animals may indicate 
their different susceptibilities to SARS-CoV-2 infection. I am certain that studies 
will confirm this.

SARS-CoV 2 Structure. Courtesy of Dr. R. B. Singh.

Box 33.2 (Continued)

http://dx.doi.org/10.1136/
bmj.m3489
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Box 33.3 Fact	sheet:	activity	at	the	Chinese	Wuhan	Institute	of	Virology

For more than a year, the Chinese Communist Party (CCP) has systematically 
prevented a transparent and thorough investigation of the COVID-19 
pandemic’s origin, choosing instead to devote enormous resources to deceit 
and disinformation. Nearly two** million people have died. Their families 
deserve to know the truth. Only through transparency can we learn what 
caused this pandemic and how to prevent the next one.
**As of June 8, 2021, this number is ~3.76 million.

The U.S. government does not know exactly where, when, or how the COVID-19 
virus—known as SARS-CoV-2—was transmitted initially to humans. We have 
not determined whether the outbreak began through contact with infected 
animals or was the result of an accident at a laboratory in Wuhan, China.

The virus could have emerged naturally from human contact with infected 
animals, spreading in a pattern consistent with a natural epidemic. Alternatively, 
a laboratory accident could resemble a natural outbreak if the initial exposure 
included only a few individuals and was compounded by asymptomatic 
infection. Scientists in China have researched animal-derived coronaviruses 
under conditions that increased the risk for accidental and potentially 
unwitting exposure.

The CCP’s deadly obsession with secrecy and control comes at the expense of 
public health in China and around the world. The previously undisclosed 
information in this fact sheet, combined with open-source reporting, highlights 
three elements about COVID-19’s origin that deserve greater scrutiny:

 1. Illnesses inside the Wuhan Institute of Virology (WIV):

 • The U.S. government has reason to believe that several researchers 
inside the WIV became sick in autumn 2019, before the first identified 
case of the outbreak, with symptoms consistent with both COVID-19 
and common seasonal illnesses. This raises questions about the 
credibility of WIV senior researcher Shi Zhengli’s public claim that 
there was “zero infection” among the WIV’s staff and students of 
SARS-CoV-2 or SARS-related viruses.

(Continued)
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 • Accidental infections in labs have caused several previous virus 
outbreaks in China and elsewhere, including a 2004 SARS outbreak 
in Beijing that infected nine people, killing one.

 • The CCP has prevented independent journalists, investigators, and 
global health authorities from interviewing researchers at the WIV, 
including those who were ill in the fall of 2019. Any credible inquiry 
into the origin of the virus must include interviews with these 
researchers and a full accounting of their previously unreported 
illness.

 2. Research at the WIV:
 • Starting in at least 2016—and with no indication of a stop prior to 

the COVID-19 outbreak—WIV researchers conducted experiments 
involving RaTG13, the bat coronavirus identified by the WIV in 
January 2020 as its closest sample to SARS-CoV-2 (96.2% similar). The 
WIV became a focal point for international coronavirus research 
after the 2003 SARS outbreak and has since studied animals including 
mice, bats, and pangolins.

 • The WIV has a published record of conducting “gain-of-function” 
research to engineer chimeric viruses. But the WIV has not been 
transparent or consistent about its record of studying viruses most 
similar to the COVID-19 virus, including “RaTG13,” which it sampled 
from a cave in Yunnan Province in 2013 after several miners died of 
SARS-like illness.

 • WHO investigators must have access to the records of the WIV’s 
work on bat and other coronaviruses before the COVID-19 outbreak. 
As part of a thorough inquiry, they must have a full accounting of 
why the WIV altered and then removed online records of its work 
with RaTG13 and other viruses.

 3. Secret military activity at the WIV:
 • Secrecy and non-disclosure are standard practice for Beijing. For many 

years the United States has publicly raised concerns about China’s 
past biological weapons work, which Beijing has neither documented 
nor demonstrably eliminated, despite its clear obligations under the 
Biological Weapons Convention.

 • Despite the WIV presenting itself as a civilian institution, the United 
States has determined that the WIV has collaborated on publications 
and secret projects with China’s military. The WIV has engaged in 
classified research, including laboratory animal experiments, on 
behalf of the Chinese military since at least 2017.

 • The United States and other donors who funded or collaborated on 
civilian research at the WIV have a right and obligation to determine 
whether any of our research funding was diverted to secret Chinese 
military projects at the WIV.

Box 33.3 (Continued)
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Today’s revelations just scratch the surface of what is still hidden about 
COVID-19’s origin in China. Any credible investigation into the origin of 
COVID-19 demands complete, transparent access to the research labs in 
Wuhan, including their facilities, samples, personnel, and records.

As the world continues to battle this pandemic—and as WHO investigators 
begin their work, after more than a year of delays—the virus’s origin remains 
uncertain. The United States will continue to do everything it can to support 
a credible and thorough investigation, including by continuing to demand 
transparency on the part of Chinese authorities.

Courtesy of the US Department of State, Office of the Spokesperson, January 15, 
2021.

Box 33.4 China’s	push	to	control	Americans’	health-care	future

For all the polarization that grips Washington, here’s a source of rare 
consensus: the emerging threat of China’s push to acquire our health-care 
data, including the DNA of American citizens. US officials tell us the communist 
regime’s aggressive collection of our most personal information presents a 
danger both to national security and our economy. As alarm bells ring across 
agencies, parties, and presidential administrations, different branches of 
government have taken action over the past year to stem the tide of our 
medical data flowing to China. The quest to control our biodata—and, in turn, 
control health care’s future—has become the new space race, with more than 
national pride in the balance. Our investigation begins with an unsolicited 
and surprising proposal that came from overseas at the onset of the COVID 
crisis … It’s not just China that’s recognized what a valuable commodity your 
DNA can be. As you’ll hear: some of the fastest-growing US tech companies are 
in this space, as well. In fact, you may have already surrendered your DNA 
by spitting in a tube.

Questions regarding relationships between US firms and foreign entities can 
be directed to the National Counterintelligence and Security Center (NCSC) 
and the Office of the Director of National Intelligence (ODNI).

Courtesy of CBS News, January 31, 2021.
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Total confirmed COVID-19 deaths and cases per million people
The confirmed counts shown here are lower than the total counts. The main reason for this is limited testing and
challenges in the attribution of the cause of death.

No data 0 5 10 25 50 100 250 500 1,000 >5,000

Source: Johns Hopkins University CSSE COVID-19 Data – Last updated 19 June, 06:02 (London time) OurWorldInData.org/coronavirus  CC BY

Figure 33.23 World	 map	 of	 total	 confirmed	 COVID-19	 cases	 per	 million	 people. 
The confirmed counts shown here are lower than the total counts. The main reason for this 
is limited testing and challenges in the attribution of the cause of death. Source: Our World 
In Data (CC BY 4.0).

Figure 33.24 Global	 examples	 of	 emerging	 and	 reemerging	 infections. Courtesy of 
Dr. Anthony S. Fauci and NIH.
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Figure 33.25a The	 peplomers	 of	 a	 SARS-CoV-2.	 This illustration reveals the surface 
morphology/topography of the virus nanoparticle. Note the spikes that adorn the outer 
surface of the virus, which impart the look of a corona surrounding it, when viewed 
electron microscopically. A peplomer (Greek: peplos, ‘robe’, ‘[woman’s] dress’ + meros, 
‘part’) is one of the knoblike spike structures (red, orange, yellow), generally composed of 
glycoproteins (spike protein) and projecting from the lipid bilayer of the surface envelope 
of an enveloped virus. Peplomers play important roles in the infection process. Courtesy 
of the CDC.

Figure 33.25b	 Structural	 view	 of	 a	 coronavirus. Source: https://commons.wikimedia.org/ 
wiki/File:3D_medical_animation_coronavirus_structure.jpg (CC BY-SA 4.0). 

https://commons.wikimedia.org/
wiki/File:3D_medical_animation_coronavirus_structure.jpg
https://commons.wikimedia.org/
wiki/File:3D_medical_animation_coronavirus_structure.jpg
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Figure 33.26	 Digitally	 colorized	 transmission	 electron	 micrograph	 of	 SARS-CoV-2.	
Virions with visible coronae (bluish) are emerging from human cells cultured in a 
laboratory. The virus shown was isolated from a patient in the US. Courtesy of NIH.

Figure 33.27 Digitally	 colorized	 scanning	 electron	 micrograph	 of	 SARS-CoV-2.	 Virions 
(yellow) are emerging from human cells cultured in a laboratory. The virus shown was 
isolated from a patient in the US. Courtesy of NIH.
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Figure 33.30 False-color	 transmission	 electron	 micrograph	 of	 SARS-CoV-2,	 B.1.1.7 
variant. The variant’s increased transmissibility is believed to be due to changes in the 
structure of the spike proteins, shown here in green. Transmission electron micrograph of 
a SARS-CoV-2 virus particle (UK B.1.1.7 variant), isolated from a patient sample and 
cultivated in cell culture. The prominent projections (green) seen on the outside of the 
virus particle (yellow) are spike proteins. This fringe of proteins enables the virus to 
attach to and infect host cells and then replicate. Image captured at the NIAID Integrated 
Research Facility in Fort Detrick, Maryland. Courtesy of NIH.

Figure 33.31 SARS-CoV-2	Symptoms.	Courtesy of WHO.
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Get a COVID-19 vaccine
• Safety levels assume the recommended prevention measures 

are followed, both by the individual and the venue (if applicable).

• CDC cannot provide the specific risk level for every activity in 
every community. It is important to consider your own personal 
situation and the risk to you, your family, and your community 
before venturing out.

Prevention measures not needed

Take prevention measures 
Wear a mask, stay 6 feet apart, 
and wash your hands.

Walk, run, wheelchair roll, or bike outdoors 
with members of your household

Attend a small, outdoor gathering with
fully vaccinated family and friends

Attend a small, outdoor gathering with fully vaccinated and unvaccinated 
people, particularly in areas of substantial to high transmission

Dine at an outdoor restaurant with friends
from multiple households

Attend a crowded, outdoor event, like a live
performance, parade, or sports event

Unvaccinated 
People

Fully
Vaccinated 

People
Examples of Activities

S
af

es
t

S
afest

L
es

s 
S

af
e

L
ea

st
S

af
e

Outdoor

Visit a barber or hair salon

Go to an uncrowded, indoor 
shopping center or museum

Attend a small, indoor gathering of fully vaccinated and 
unvaccinated people from multiple households

Go to an indoor movie theater

Attend a full-capacity worship service

Sing in an indoor chorus

Eat at an indoor restaurant or bar

Participate in an indoor, high intensity
exercise class

L
es

s 
S

af
e

L
ea

st
 S

af
e

Indoor

CS324153K

cdc.gov/coronavirus

Choosing Safer Activities
Accessible link: https://www.cdc.gov/coronavirus/2019-ncov/daily-life-coping/participate-in-activities.html
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CS317837-A

Health Department

Health Department

Continue to monitor your health. If your  
symptoms worsen or become severe, you  
should seek medical care. Severe symptoms 
 include trouble breathing, persistent pain or  
pressure in the chest, confusion, inability to  
wake or stay awake, or bluish lips or face.

If you have been diagnosed 
with COVID-19, a public health 
worker will call you to check on 
your health. 

They will ask you who 
you’ve been in contact 
with and where you 
spent time while you  
were sick and may have 
spread COVID-19 to others.

 Contact Tracing: Do your part to keep  
your family, friends, and community safe. 

WHAT YOU CAN EXPECT TO HAPPEN DURING CONTACT TRACING  
IF YOU HAVE BEEN DIAGNOSED WITH COVID-19.

 If you need support  
or assistance while  

self-isolating, the health  
department or a local  

com munity organization  
may be able to  

provide assistance.

Health Department 

Any information you share 
with public health workers  

is CONFIDENTIAL.  
 

This means that your  
personal and medical  

information will be  
kept private.

1

3

2You will also be asked to stay at home and  
self-isolate, if you are not doing so already.  

Self-isolation means staying at home in a speci�c room 
away from other people and pets, and using a separate 
bathroom, if possible.
 Self-isolation helps slow the spread of COVID-19 and  
can keep your family, friends, and community safe.

cdc.gov/coronavirus

https://www.cdc.gov/coronavirus/2019-ncov/daily-life-coping/contact-tracing-infographic.html
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CONTACT TRACING: WHAT TO EXPECT IF YOU MAY HAVE BEEN  
EXPOSED TO SOMEONE WITH COVID-19     

 

If you have been in close contact 
with someone who has COVID-19, 
a public health worker will call you to 
inform you that you may have been 
exposed to COVID-19. 

1
Health Department 

CS
31

78
37
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Any information  
you share with public  

health workers is  
CONFIDENTIAL.  

 
This means that your  
personal and medical  

information will be  
kept private.

2The best way to protect  
yourself and others is to  
stay home for 14 days if you  
think you’ve been exposed to 
someone who has COVID-19.
Check your local health 
department’s website for 
information about options in 
your area to possibly shorten 
this quarantine period.

You should stay at home and  
self-quarantine for 14 days, 
starting from the last day you were 
possibly exposed to COVID-19. 

Self-quarantine means  
staying home, monitoring your 
health, and maintaining social  
distancing (at least 6 feet) from 
others at all times. 

3

HEALTH
DEPARTMENT

The public health worker can provide information  
about COVID-19 testing in your area. 

If you need support or assistance with self-quarantine, 
your health department or community organizations 
may be able to provide assistance.

Answer

 the c all

You should take your temperature twice a day,  
watch for fever and other symptoms of COVID-19,  
and notify your health department if you  
develop symptoms. 

If you become ill during the 14 days of self-quarantine, you should 
notify the health department and seek medical care if your symptoms 
worsen or become severe. Emergency warning signs include trouble 
breathing, persistent pain or pressure in the chest, confusion, 
inability to wake or stay awake, or bluish lips or face.

We can all work together to help slow the  
spread of COVID-19.  

Do your part to keep your family and your community safe:  
Answer the call to slow the spread.

4

5
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