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1.1 Emerging Pathogens: 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

Infectious diseases are a familiar enemy. 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.1 
I would add to this list, deadly human fungi that kill at least 1.6 million people 
globally.2 In the past century, we have faced five pandemic respiratory diseases 
caused by different subtypes of influenza virus. In 1918, the H1N1 Spanish Flu, 
infected one-third of the world’s population and killed an estimated 50–100 
million people. The causative agent for this influenza pandemic was a mystery 
because the structure and function of viruses was unknown.3 Other 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)4 which caused a few deaths,  
and the 2009 H1N1 (Swine flu) which caused 18,000 deaths.

In addition to influenza pandemics, coronaviruses have also caused regional 
epidemics prior to the current pandemic. Coronaviruses are divided into four 

1S. Riedel. (2005). Edward Jenner and the history of smallpox and vaccination. Proc. Bayl. Univ. Med. Cent. 
18:21–25.

2In our frantic attempts to save COVID-19 patients consigned to intensive care units on intravenous 
anti-infective and immunosuppressive drugs, they could be susceptible to pathogenic fungi like 
Candida auris, Coccidioides immitis, Aspergillus fumigatus, etc. In fact, there are reports that deadly 
fungi are gaining a foothold in COVID-19 patients as broad-spectrum antibiotics also wipe off 
beneficial bacteria that keep invading microbes in check. I fail to understand why medical students are 
not taught more medical mycology during the first year of medical school given that there are 
300+ fungal species (out of a total of 5 million+) that cause human diseases. 

3Unlike bacteria or fungi, viruses cannot be seen under a light microscope. The electron microscope 
was invented in the 1940s and this sophisticated instrument can resolve viruses. During the 1918 
pandemic, a viral etiology could only be identified indirectly via an ultrafiltrate from a diseased 
subject to induce disease in a susceptible plant or animal host, or by detecting the presence of antibodies 
against the disease in survivors.

4Various H5N1 strains have evolved since 2005 and they are significantly different at the genome level. 
H5N1 is a fast-mutating, highly pathogenic avian influenza virus (HPIV) found in multiple bird species. 
It is both epizootic (an epidemic in non-humans) and panzootic (a disease affecting animals of many 
species).

Emerging Pathogens
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genera, namely, alpha (α), beta (β), gamma (γ), and delta (δ), with pathology 
ranging from upper respiratory symptoms typical of the common cold to life-
threatening lower respiratory disease. The common cold-causing coronaviruses, 
229E and OC43, were first isolated in the mid-1960s, with two additional 
coronaviruses, NL63 and HKU1, identified in 2004 and 2005, respectively. It is well 
established that all are ubiquitous human pathogens. Two beta coronaviruses of 
zoonotic5 origin have caused large-scale cluster outbreaks of severe respiratory 
disease. They were 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 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%.

Development of vaccines, antibiotics, and dramatically improved sanitation 
has greatly reduced morbidity and mortality from pathogenic microbes. As a result, 
we have become more complacent about the potential threat posed by our tiny, 
yet mighty, adversaries. In fact, world health bodies and politicians’ response to 
global infectious disease threats has been poor as other priorities have generally 
taken precedence. Sadly, that same pattern initially unfolded and was on full 
display at the onset of the coronavirus disease 2019 (COVID-19) crisis. Except, this 
time around, governments, politicians, and health organizations were eventually 
forced to act.

The year 2020 will forever be marked by the presence of the Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) and the associated COVID-19 
pandemic. COVID-19 has had a catastrophic effect on the world’s demographics 
resulting in ~3.76 million deaths. After the first cases of this predominantly 
respiratory viral illness were first “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-196 (Fig. 1.1). Virtually overnight, this pandemic 
profoundly altered the world as it struggled to contain SARS-CoV-2 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 

5See, https://en.wikipedia.org/wiki/Zoonosis: “A zoonosis (plural zoonoses, or zoonotic diseases) is an 
infectious disease caused by a pathogen (an infectious agent, such as a bacterium, virus, parasite, or 
prion) that has jumped from an animal (usually a vertebrate) to a human. Typically, the first infected 
human transmits the infectious agent to at least one other human, who, in turn, infects others.”

6Worldometer. 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/. 

https://en.wikipedia.org/wiki/Zoonosis
https://www.worldometers.info/coronavirus
https://coronavirus.jhu.edu/
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transmission from one person to another. The SARS-CoV-2 virus fulfills all three of 
these criteria.

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 1.1 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).

For the past three decades, infectious viruses have emerged to pose great 
threats to human health and society (Fig. 1.2). In this regard, hemorrhagic fever 
viruses (Lassa, Ebola), novel coronaviruses and highly pathogenic influenza are 
the prime culprits. Viral emergence from a zoonotic reservoir is common, and 
coronaviruses (CoVs) are no exception. CoVs infect a wide range of species and have 
been isolated from dogs, cats, horses, cattle, swine, chickens, turkeys, and humans 
with clinical signs of disease (and coronaviruses have frequently expanded their 
host range). Most human coronaviruses are thought to have originated from bats. 
Coronavirus strains that infect humans generally cause mild symptoms though 
animal coronaviruses have caused outbreaks of severe respiratory disease in 
humans, including SARS, MERS, and now, COVID-19. SARS-CoV spread rapidly prior 
to being controlled. The MERS-CoV outbreak is still circulating in the human 
population. Scientists are still trying to understand how the SARS-CoV-2 virus 
relates to SARS-CoV at the genome level, transcriptomic level, structurally, and 
biochemically. Most importantly, we need to know how these impact virulence, 
transmissibility, and the potential to generate variants.

Emerging Pathogens
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According to a National Academies report7: “The convergence of any number 
of factors can create an environment in which infectious diseases can emerge 
and become rooted in society. A model was developed to illustrate how the 
convergence of factors in four domains impacts on the human-microbe interaction 
and results in infectious disease (Fig. 1.3). Ultimately, the emergence of a microbial 
threat derives from the convergence of (1) genetic and biological factors; 
(2) physical environmental factors; (3) ecological factors; and (4) social, political, 
and economic factors. As individual factors are examined, each can be envisioned 
as belonging to one or more of these four domains.”

Figure 1.3 The convergence model. At the center of the model is a box representing the 
convergence of factors leading to the emergence of an infectious disease. The interior of 
the box is a gradient flowing from white to black; the white outer edges represent what is 
known about the factors in emergence, and the black center represents the unknown 
(similar to the theoretical construct of the “black box” with its unknown constituents and 
means of operation). Interlocking with the center box are the two focal players in a microbial 
threat to health—the human and the microbe. The microbe-host interaction is influenced 
by the interlocking domains of the determinants of the emergence of infection: genetic and 
biological factors; physical environmental factors; ecological factors; and social, political, 
and economic factors. Courtesy of the National Academy of Sciences.

7M. S. Smolinski, M. A. Hamburg, and J. Lederberg. (2003). Microbial Threats to Health: Emergence, 
Detection, and Response. National Academies Press, Washington, DC.

Emerging Pathogens
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As a microbiologist, I am fully aware that our world is a playground for 
microbes. As an adjunct professor at Rensselaer Polytechnic Institute in Troy, NY, 
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, including 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, a gigantic biowarfare project that, 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) in spite 
of international conventions banning bioweapon development, secrecy regarding 
genetic manipulation of microbes to enhance their pathogenicity and virulence 
is a reality at state-run labs of numerous countries; and (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 guarded 
as a state secret. Given this backdrop, it is possible that the Wuhan Institute of 
Virology (WIV) in China created the SARS-CoV-2 virus via genetic engineering 
and it accidently leaked out 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 at WIV, present serious public 
health concerns. In fact, such concerns were raised back in 2017 during 
the certification of the lab at WIV as meeting the standards and criteria of 
BSL-4: “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

 

 8K. Alibek and S. Handelman. (1999). Biohazard. Random House, New York, NY.
 9D. Cyranoski. (2017). Inside China’s pathogen lab. Nature 554:339–340.
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leaks provided as evidence. Elaborate coverups, which possibly are also underway 
at WIV are typical of dictatorships like China and Russia.10 Tighter security 
is needed at BSL-4 labs to prevent theft, accidents, or terrorism.

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 like antibiotic 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.11 Other reports conclude that over the past three 
decades, about 75% of new emerging human infectious diseases have a zoonotic 
origin.12 Clearly, human-animal interactions and interdependence is likely the 
most critical risk factor to our health with regard to infectious diseases. 
Obviously, to gauge a “spillover event,” enormous scientific resources must be 
directed towards pre dicting where the deadliest viruses reside, their life cycles, 
susceptibilities, and ability to cross species barriers. Emerging pathogens pose 
a clear and present danger and pandemic preparedness is essential.

1.2 SARS-CoV-2: Structure and Pathogenesis

[It is] really hard for the human brain to grasp the exponential growth of an existential 
threat.

—Charity Dean on 60 Minutes, 2021

SARS-CoV-2 (Boxes 1.1 and 1.2) genome is comprised of ∼30,000 nucleotides. It 
encodes four structural proteins: Nucleocapsid (N) protein, Membrane (M) protein, 
Spike (S) protein, Envelop (E) protein, and several non-structural proteins (nsp).

A delicate dance between a virus (the invading pathogen) and the immune 
system (host defense mechanisms) unfolds each time the virus infects the host 
(Figs. 1.4–1.8). 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. This is observed not only 
with SARS-CoV-2 but a host of others, including, SARS, MERS, influenza, Ebola, 
dengue, yellow fever, chikungunya, West Nile, Lassa, Japanese encephalitis, 
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.” 

11E. F. Torrey and R. H. Yolken. (2005). Beasts of the Earth. Rutgers University Press, New Brunswick, NJ. 
12L. 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.

SARS-CoV-2
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Epstein-Barr, polio, etc. Today, there are numerous qualitative and quantitative  
assays, imaging tools, mathematical models, and genetic tools to identify and 
isolate viruses that shine a light on current or past infection, even in asymptomatic 
hosts. 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.

Box 1.1 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 1.2 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 1.1, the figure on the next 
page, and also Figs. 1.4a,b and 1.5). 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 32kbs 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 (see Section 1.3). 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). 
Along with the pneumonia, blood clots, and other serious health concerns 

Courtesy of NIH.



18 The Age of COVID-19

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 1.2 (Continued)

https://www.bmj.com/content/370/bmj.m3489
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Figure 1.4a 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 1.4b Structural view of a coronavirus. Source: https://commons.wikimedia.org/ 
wiki/File:3D_medical_animation_coronavirus_structure.jpg (CC BY-SA 4.0).

SARS-CoV-2

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 1.5 Digitally colorized transmission electron micrograph of SARS-CoV-2 virions. 
Virion nanoparticles, isolated from a patient in the US, are shown emerging from the 
surface of cells cultured in the lab. The coronae (bluish) are visible on the surface of the 
virus (yellow-red). Courtesy of NIH.

Figure 1.6 Digitally colorized scanning electron micrograph of SARS-CoV-2 virions. 
Virion nanoparticles (yellow), isolated from a patient in the US, are shown emerging 
from the surface of cells cultured in a lab. Courtesy of NIH.
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Figure 1.9 Mechanisms of SARS-CoV-2 associated cytokine storm and associated 
damage. Infection with SARS-CoV 2 can stimulate a hyperinflammatory immune response 
wherein epithelial-cell-mediated production of reactive oxygen species (ROS) can cause 
cell death. ROS can also stimulate the synthesis of NLRP3 and NF-κB which contribute to 
increased cytokine levels, and thus, the cytokine storm. This essentially causes immune 
invasion which can lead to clinically relevant conditions such as ARDS, sepsis, MODS, 
and potentially even death. The organs affected as a result of MODS, and their associated 
symptoms, have been shown. Lower gastrointestinal (GI) is rich in ACE2 receptors and 
hence at higher risk of infection due to COVID-19. Twenty percent of COVID-19 patients 
have diarrhea as symptoms. SARS-CoV-2, severe acute respiratory syndrome coronavirus 
2; COVID-19, coronavirus disease 2019; ROS, reactive oxygen species; NLRP3, (NOD)-
like receptor protein 3 inflammasome; NF-κB, nuclear factor kappa-light-chain-enhancer 
of activated B cells; IL, interleukin; TNF, tumor necrosis factor; IFN, interferon; PAMPs, 
pathogen-associated molecular patterns; DAMPs, damage-associated molecular patterns; 
PRR, pattern recognition receptors; AST, aspartate aminotransferase; MODS, multiple 
organ dysfunction syndrome. Source: S. Bhaskar, et al. (2020). Cytokine storm in COVID-
19—immunopathological mechanisms, clinical considerations, and therapeutic approaches: 
The REPROGRAM Consortium position paper. Front. Immunol. 11:1648.
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1.3 Origin of SARS-CoV-2: A Chinese Lab Leak?

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? Was it genetically engineered in this lab to 
enhance its virulence and infectivity? Did it accidentally leak from the lab? Is it a 
man-made bioweapon? We do not know the precise answer to these 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 response, China has responded 
with questionable tactics. 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 the China’s Wuhan Institute 
of Virology (WIV), where coronavirus research was being conducted on bats. 
In an effort 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 and it has been particularly weak dealing with China on the 
COVID-19 pandemic. China did recently invite a small 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” but where the final conclusions were 
redetermined 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 state-run institutions—a clear conflict of interest.

A US State Department fact sheet from January 2021 highlights reports 
of sick lab researchers at the WIV in the fall of 2019. It also points to research 
with virulent coronavirus strains and indicates secret Chinese military activity 
at the lab (Box 1.3). Now, in May 2021, strong evidence from a previously 
undisclosed US intelligence report is available that details three researchers 
from this institute becoming ill enough to seek hospital care in the autumn 
of 2019.13 The intelligence in this report go beyond the original State 
13M. 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 
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. 
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Department fact sheet reproduced below as Box 1.3. 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 whether plaintiffs from other countries 
can sue China for COVID-19 and hold it legally accountable in their respective 
courts. In fact, the first lawsuits against the government of China and the Chinese 
Communist Party (CCP) were filed in 2020 with a heavy emphasis on mass torts 
and class actions.14 However, a major obstacle to these lawsuits is the bedrock 
doctrine of sovereign immunity which protects a nation from being sued in another 
nation.

Box 1.3 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

 

14D. Ricker. (2020). Suing China for COVID-19. ABA J., August/September issue, page 17.

(Continued)
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Box 1.3 (Continued)

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.

 • 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.
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 • 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.

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.

Meanwhile, the largest biotech company in the world, a Chinese company, the 
BGI Group, offered to build COVID labs in at least six US states (Box 1.4). Clearly, 
the Chinese government is trying to control the world’s biodata. This can lead 
to complete control over health care: if a person’s current or future medical 
condition is known through DNA and other data, the entity that knows this can 
gain a monopoly over the therapy or drugs to treat the person.
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Box 1.4 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.

1.4 Vaccines, Herd Immunity, Transmissibility, and 
SARS-CoV-2 Variants

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, discussing Warner Brothers film “Contagion” in 2011
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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.

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 
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 
SARS-CoV-2 vaccines have been approved and made available in the US, albeit the 
rollout has been nothing but disastrous. The picture on the therapeutic, diagnostic, 
and vaccine delivery fronts is discouraging and complex. Regular reports on 
advances relating to “full” clinical trials drive expectations. Then, viral mutants 
of greater pathogenicity and infectivity fuel concerns over the ineffectiveness of 
marketed vaccines to combat them. Currently, there are six approved vaccines 
authorized for use in select countries: 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, their efficacies range from 65.5% to 94.6% in preventing 
symptomatic COVID-19. The overall efficacies of the three US Food and Drug 
Administration (FDA)-authorized vaccines currently marketed in the US15 (e.g., 
Pfizer-BioNTech, Moderna, Johnson & Johnson/Janssen)16 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 upon encountering 
deadlier variants of SARS-CoV-2 in the near future.

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 

15Traditional 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’s 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. 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.

16Two 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 May 28, 2021). 
Also see: COVID-19 vaccine & therapeutics tracker. Available at: https://biorender.com/covid-vaccine-
tracker (accessed on May 28, 2021).

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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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 
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, as 
COVID-19 morphs into a chronic multisystemic viral disease. More effective 
vaccines of broader scope, preferably single-shot, are urgently needed.17

As countries roll out vaccines against the SARS-CoV-2 virus (Fig. 1.10), 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.

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 
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.

Over time, viruses are also 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

 

17In 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. Clinical trial data published 
earlier in 2021, showed that the level of protection against moderate to severe COVID-19 infection 
was found to be 72% in the US arm of the trial. It was 66% in the Latin American arm of the trial, and 
57% in South Africa, where a different variant of the virus has been dominating. Hence, the 
overall efficacy from these trials combined was 67%.
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through their ability to evade immunosurveillance. Obviously, SARS-CoV-2 
variants18 that are more virulent or infectious—or both —are of particular concern. 
From a genomic standpoint, according to a few studies, the coronavirus shares 
approximately 50–79% of its genetic sequence (Fig. 1.11) with the MERS-CoV 
and the first coronavirus, SARS-CoV. Also, interestingly, SARS-CoV-2 shares the 
receptor-binding domain structure with SARS-CoV.

Understanding 
the virus that 
causes COVID-19.

What is a viral 
vector vaccine?

How does the 
vaccine work?

Vaccines Work 

Figure 1.10 How viral vector COVID-19 vaccines work. Courtesy of the CDC.

18During 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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Figure 1.11 Single stranded genome of SARS-Cov-2 (~30kb length). Courtesy of Dr. R. B. 
Singh.

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 variants, referred to as variants of 
concern (VOCs), have caused considerable consternation (Fig. 1.12). The B.1.1.7 
lineage (or VOC 202012) variant was the first VOC described in the UK in late 
December 2020 (Fig. 1.13). 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, 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.



33Vaccines, Herd Immunity, Transmissibility and SARS-CoV-2 Variants

Figure 1.12 Mutation of SARS-CoV-2: Variants of concern as of April 2021.

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.19 
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 
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?
19For molecular tests, their sensitivity and specificity depends 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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Figure 1.13 False-color transmission electron micrograph of the UK B.1.1.7 variant 
coronavirus. The variant’s increased transmissibility is believed to be due to changes in 
the structure of the spike proteins, shown here in green. 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.

Objectivity and fairness in journalism has been supplanted by “opinion news,” 
exemplified by CNN, Fox News and others. Inaccurate reporting of the pandemic has 
been costly with lives lost here at home and throughout the world. The misinformation 
pandemic continues. Another casualty has been mass vaccination efforts as 
governments and heath organizations like the WHO, the CDC, and even the FDA 
lose credibility. In fact, a massive PR failure to convince everyone to come on board 
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and get vaccinated means that the pandemic will linger and variants will 
continue to evolve. Obviously, this will be tragic if we fail to stamp out the virus 
simply because large swaths of the population refuse to be vaccinated. Achieving 
herd immunity (Box 1.5; Figs. 1.14 and 1.15) 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 herd immunity threshold will ever be 
attainable. Daily vaccination rates are slipping, viral variants are emerging fast, 
poor infectious disease management policies are reappearing, and some pandemic 
restrictions are being relaxed prematurely.

Global distribution of the COVID-19 vaccine has been lopsided. So far, in May 
2021, major populations like India have only fully vaccinated 3%+ of their 
populations while here in the US the vaccination rate currently stands ~45%. 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 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. Why is it so hard for us to grasp that we are all in this together?

Another important point to remember is that it is hard to achieve our goal 
of universal vaccination or 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 children20 are underway.

20There is some evidence that coronaviruses that cause common colds in children may offer some 
protection from COVID-19 (i) due to cross-reactive immunity (T cell immunity and cross-reactive 
antibodies) between the common coronaviruses and SARS-CoV-2; and (ii) due to fewer angiotensin-
converting enzyme (ACE)-2 receptors in nasal mucosa of children.
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Box 1.5 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, and the immunocompromised). 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.

Figure 1.14 Herd immunity protects vulnerable communities. Courtesy of WHO, CC 
BY-SA 3.0 IGO, CC BY-SA 3.0 IGO, via Wikimedia Commons.
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Figure 1.15 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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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, confusion continues regarding vaccination of pregnant 
women as expectant couples fret over vaccine safety for themselves and their babies 
(Box 1.6). 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. Two recent research studies21 (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.

Box 1.6 Should pregnant women get vaccinated?

Guidance from public health officials about whether pregnant women should get 
the COVID-19 vaccine has been conflicted and cautious to the point of being 
noncommittal. For instance, the World Health Organization initially advised that 
only pregnant women at high risk of COVID-19 exposure or with a separate 
underlying condition should get the vaccine; then the WHO revised the guidance 
to reflect the higher risk pregnant women face of getting severe COVID and 
the increased risk of pre-term birth. But it added a qualification: the available 
data was “insufficient to assess vaccine efficacy or vaccine-associated 
risks in pregnancy,” even though “animal studies showed no harmful effects 
in pregnancy.” An independent advisory committee of the U.S. Centers for 
Disease Control and Prevention suggested that pregnant women consider 
getting the shots “after consulting with their physician.” It’s no wonder pregnant 
women are confused about the COVID-19 vaccines.

Source: A. Piore. (2021). Should pregnant women get vaccinated? Newsweek, 
March issue, 28–34.

Waiving vaccine patents in an effort to evenly manufacture and distribute 
COIVD-19 vaccines (and other therapeutics) around the world was 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 (Box 1.7), 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 

21A. 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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Box 1.7 Waiving patents on COVID vaccines

Office of the United States Trade Representative

FOR IMMEDIATE RELEASE:
May 5, 2021

CONTACT: media@ustr.eop.gov

STATEMENT FROM AMBASSADOR KATHERINE TAI ON THE COVID-19 TRIPS 
WAIVER

WASHINGTON – United States Trade Representative Katherine Tai today 
released a statement announcing the Biden-Harris Administration’s support 
for waiving intellectual property protections for COVID-19 vaccines.

“This is a global health crisis, and the extraordinary circumstances of the 
COVID-19 pandemic call for extraordinary measures. The Administration 
believes strongly in intellectual property protections, but in service of ending 
this pandemic, supports the waiver of those protections for COVID-19 vaccines. 
We will actively participate in text-based negotiations at the World Trade 
Organization (WTO) needed to make that happen. Those negotiations will take 
time given the consensus-based nature of the institution and the complexity 
of the issues involved.

“The Administration’s aim is to get as many safe and effective vaccines 
to as many people as fast as possible. As our vaccine supply for the 
American people is secured, the Administration will continue to ramp up its 
efforts—working with the private sector and all possible partners—to expand 
vaccine manufacturing and distribution. It will also work to increase the 
raw materials needed to produce those vaccines.”

Courtesy of Office of the United States Trade Representative.

decades, I prefer compulsory licensing over outright patent waivers. However, 
the scope of the current pandemic makes waivers appropriate. In addition 

mailto:media@ustr.eop.gov
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to waivers, patent pooling is also an excellent mechanism to pool our global 
intellectual property resources and is suggested by many22: “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 WHO’s COVID-19 Technology Access Pool has 
so far received no contributions from industry. Asking governments in rich nations 
to donate vaccines to lower-income countries will not hasten manufacture. 
India and South Africa have proposed suspending patents related to COVID-
19 products, but companies contend that this could dent drug development. 
The practice of pooling patented technologies for the production of medicines 
already occurs for HIV, hepatitis C, and tuberculosis treatments. Fees are typically 
lower when licences 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.”

1.5 Vaccine Passports: A 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 masks23 cannot be forced upon a person. Some are using contact- 
tracing applications (Box 1.14 in Section 1.8) 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 

22E. B. de Villemeur, et al. (2021). Pool patents to get COVID-19 vaccines and drugs to all. 
Nature 591:529.

23There has been a major culture change when it comes to basic public health hygiene. Data has 
always confirmed that mask wearing is extremely effective in stopping the spread of all kinds of 
pathogenic respiratory microbes. For example, flu cases have been at record lows so far in 2021 in 
the US (less than a thousand so far in 2021 compared to ~24,000 flu deaths during the 2019–2020). 
Although other factors (lockdowns, school closures, and decreased travel) have contributed to low 
flu rates, masking has most likely played a significant role.
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with protests, dissent, shut-downs, riots, and fear. The COVID-19 crisis points out 
that we have to balance competing medical, legal, ethical, 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 (Box 1.8). We are slowly learning more. For example, 
a recent report24 demonstrated that blood levels of antibodies fall sharply 
following acute infection while memory B cells remain quiescent in the bone 
marrow ready to take action as needed.

Box 1.8 Cellular immune responses to COVID-19

Protective and enduring immune responses to viral infections or vaccines 
usually arise from the combined actions of lymphocytes: B cells (responsible 
for humoral antibody immunity) and T cells (responsible for cellular immunity 
and helping B cell responses). B cells produce detectable antibodies in classes 
IgM, IgG, and IgA along with lesser amounts of IgD and IgE. For SARS-CoV-2, 
the causative agent of COVID-19, the focus is mainly on IgM, IgG, and IgA 
antibodies that can neutralize the virus by binding to the spike and other 
membrane proteins and thus preventing infection. Understanding the lesser 
known roles of T cells and cellular immunity will deepen our insights into 
COVID-19 pathogenesis and help inform both vaccine development and 
pandemic containment strategies. An effective immune response to SARS-CoV-2 
involves four types or subsets of T cells: T helper cells (CD4) are responsible for 
cellular immunity and for helping B cells to produce neutralizing antibodies; 
cytotoxic or killer T cells (CD8) directly kill infected cells—aided by helper 
T cells; other T cells (including T-17 (Th17) cells) drive the inflammatory 
responses that help to control infections; and regulatory T cells (T regs) help to 
contain the immune response, to prevent over-reaction and damage to tissues.

Source: H. Sewell, et al. (2020). Cellular immune responses to covid-19. Br. Med. 
J. 370:m3018.

24J. 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.

https://doi.org/10.1038/s41586-021-03647-4
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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,”25 (Box 1.9) 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  asymptomatic carriers?

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. On the other hand, some US states like 
Florida and Texas have banned businesses from requiring vaccination certificates.

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 to 
guarantee such certification.26 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 (Box 1.9).

25Technically, 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.

26As 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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Box 1.9 Say “no” to mandating vaccine passports

An immunity passport is an official document that 
certifies “an individual has been infected and is 
purportedly immune to SARS-CoV-2.” In principle, 
this can then give an individual more freedom 
to travel and socialize, allowing people to enter 
a country if they can provide evidence that they 
have already recovered from COVID-19. The 
theory is that by providing proof of a positive 
and then a negative test, the person will have 
had the disease and is expected to have developed 
antibodies or other forms of immune memory 
to protect them from getting ill again … This 
raises difficult questions as some people with 
underlying health conditions, including autism, 
panic disorders, and breathing difficulties, are 

already exempt from wearing a mask but have not necessarily recovered 
from infection or have any immunity to it.

Source: Gavi, the international global vaccine alliance (https://www.gavi.org/).

At the present time, it is WHO’s position that national authorities and 
conveyance operators should not introduce requirements of proof of COVID-
19 vaccination for international travel as a condition for departure or entry, 
given that there are still critical unknowns regarding the efficacy of vaccination 
in reducing transmission. In addition, considering that there is limited 
availability of vaccines, preferential vaccination of travellers could result in 
inadequate supplies of vaccines for priority populations considered at high 
risk of severe COVID-19 disease. WHO also recommends that people who 
are vaccinated should not be exempt from complying with other travel risk- 
reduction measures. These Temporary Recommendations are in accordance 
with the advice that the International Health Regulations Emergency Committee 
on COVID-19 pandemic formulated at its 6th meeting on January 14, 2021.

Source: WHO, May 2021 (https://www.who.int/).

Digital health passes (DHPs) involve considerable scientific and technical 
challenges, including variable effectiveness by vaccine type, effectiveness in 
preventing transmission, durability of immunity, and emergence of variant 
strains … Digital health passes also involve technical challenges, including 
authentication of vaccine status. Unlike most high income countries, the 
US has no national immunization information system (IIS), a confidential, 
secure, population based digital data base that records all vaccine doses … 
Government DHPs must navigate constitutional and civil rights constraints. 
While the Supreme Court grants public health agencies wide discretion, it is 
more protective of First Amendment freedoms, including religion, speech, and 
assembly.
Source: JAMA. (2021). 325(19):1933–1934.

Copyright © 2021 Bloomberg.

https://www.gavi.org/
https://www.who.int/
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1.6 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 an emergency, the FDA can grant an emergency use 
authorization (EUA)27 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. However, it is essential that national and international regulatory 
agencies like the FDA and EMA not permit 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 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.

27In 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. 
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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) 
direct 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 1.1 and Fig. 1.16.

The latest guidance 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) as of June 13, 2021. They are based on the following 
points:

 • new published studies on antigen test performance;
 • clarification about which nucleic acid amplification tests (NAATs) should 

be used for confirmatory testing;
 • considerations for people who have had previous SARS-CoV-2 infections 

and those who have been fully vaccinated;
 • two new antigen testing algorithms, one for congregate living settings, and 

one for community settings; and
 • updates to testing suggestions for fully vaccinated, asymptomatic people.

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 
and I provide excerpts from a May 2021 article from New York that highlights 
this critical issue (Box 1.10). 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.

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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Table 1.1 Coronavirus disease 2019 testing basics: comparing the diagnostic and 
antibody tests. Courtesy of the FDA.
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Figure 1.16 Diagnostic tests with alternative options. Courtesy of the FDA.

Box 1.10 What really happened with that weird Yankees COVID outbreak

Does that mean you think that a lot of the cases throughout the pandemic maybe 
shouldn’t have been treated as true positives—by which I mean, infections actually 
likely to cause illness and transmission? That’s correct. We should have been 
much more discerning about how we used and interpreted the PCR results. 
I published on the need to interpret the PCR Ct values in a paper at the very 
beginning of this pandemic and suggested that many if not most PCR positive 
people no longer need to be in isolation—we missed the boat on those 
people. Most people only made it in to get the PCR test or only eventually got 
the results after their period of transmission was good and done. In fact, 
when PCR tests were taking 10 days to return, then if you got a positive result 
then the understanding of that should have been: I’m done with my 
isolation window of time. Unfortunately, I may have spread the virus already, 
but now I no longer need to isolate.

(Continued)
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Box 1.10 (Continued)
It seems somewhat related to the matter of super spreader dynamics, 
where a vast majority of cases are produced by a sliver of infections.  
Yeah, I would say that’s exactly right. But what we see is the variation of viral 
load within a person is much, much greater than the variance of viral load 
across people. A paper came out recently that showed 90 percent of the 
viral particles in a population were held by just 2 percent of the people. 
Well, that’s true, but what really has to be taken into account is that those 
people change daily. Most people who get an infection, they’ll probably go 
through a period of time where they can contribute to that 2% of people 
holding 90% of the viral particles and be a super spreader, but that time 
period is so short. You might be infected for three or four or five weeks, 
but if you walk into a bar in a certain three day window, you might not just 
be a transmitter but a super spreader. But if you were to walk into that same 
bar, five days later, with same infection, you’re still PCR positive, but you 
might not transmit to anyone because your viral load will be a million or a 
billion times lower than it was just a few days earlier.
Which does emphasize the need for rapid testing—the faster the viral dynamics 
change the faster you need your diagnostic tools to work. The only way you’re 
ever going to stop transmission is if you find people who are about to hit 
that really high viral load or are already in the middle of it and isolate those 
people, even for just three or four days until they pass peak infectiousness. 
If you’re not doing frequent testing, you’re very unlikely to just happen to 
stick a swab into somebody’s nose in the day or two before they hit those 
really peak numbers. Most of the rest of the time, if you get a positive reading 
you’re getting it when you are no longer infectious.
Which means, I guess, that using PCR testing to guide isolation or quarantine 
is a really crude approach, which is going to lead to many times more people 
being isolated for much longer than is necessary. It’s almost an argument 
against using PCR tests at all, and just using antigen tests instead. The whole 
thing with needing to get a PCR test within three days of getting on a plane, 
for instance, that’s so incredibly dangerous compared to a rapid test, 
because you could be negative one day and then, two or three days later, 
you could be at your absolute peak viral titers—like trillions of viral titers. 
Whereas if you were to use an antigen test right before that event, even if the 
antigen tests a thousand times less sensitive, you would absolutely find the 
people who are transmitting, and would have almost no risk of somebody 
walking in who’s a super spreader. It’s a remarkable lack of insight into the 
viral load kinetics by our policymakers to push for three days earlier PCR 
testing instead of a rapid test immediately before.

Which means there’s no motivation for it to evolve, right? Right. And so, if 
you already have an antibody response—because you’ve been vaccinated or 
you’ve been previously infected—in that case maybe the virus is only able to 
grow to a million titers instead of a billion ... Well, those million viral particles 
per ml are each bumping into your already-existing antibodies, so there is 
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actually something for them to try to learn how to evade. That’s when, 
theoretically, you would see the most likely scenario for immune evasion and 
mutation that would improve the virus’s fitness against immunity—specifically 
in those people who have already been vaccinated or infected and who are 
getting re-exposed and reinfected. That’s the theoretical piece. But you have 
to layer on top of its community transmission. And if through vaccination 
you can drop everyone’s viral loads and transmissibility by 90 percent, then 
overall you should expect at a community level to have just many fewer 
infections. And so that should hopefully balance out that potential increase of 
evolutionary capacity. In other words, they’re really competing forces—do you 
want no immunity, and to just keep having viruses transmit unabated, or do 
you want to have immunity, giving the virus something to learn from, but 
overall have it happened in many, many fewer people? We don’t really know 
which exact way it balances out.

Source: D. Wallace-Wells. (2021). What really happened with that weird Yankees 
COVID outbreak. New York, May 21 issue.

1.7 Convalescent Plasma

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 immunotherapy28 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. 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 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. 1.17). I wish to point out that in spite 
of what the FDA says, use of convalescent plasma therapy against SARS-CoV-2 
is not a simple or straightforward issue (Box 1.11). 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.
28On the other hand, vaccination therapy is a form of active immunotherapy.
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Box 1.11 (A little) Clarity on convalescent plasma for COVID-19

“Considering the number of SARS-CoV-2 infections, the paucity of treatment 
options, and the enthusiasm for and controversy about convalescent plasma, 
a high-quality, multicenter, randomized, controlled trial is most welcome ... 
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 discouraged, even though clinicians recognize how difficult it 
can be to “just stand there” at the bedside of a patient in the ICU. Constraints 
on therapies for COVID-19 that are effective for limited patient populations 
are a powerful argument for continued consistent adherence to recommended 
nonpharmaceutical interventions and the rapid deployment and uptake of 
effective vaccines.”
Source: L. M. Katz. (2021). (A little) clarity on convalescent plasma for COVID-19. 
N. Engl. J. Med. 384(7):666–668.

Figure 1.17 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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1.8 Looking Back and Moving Forward: Will We Win?

[H]ave 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 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. Wuhan, China 
was ground zero for SARS-CoV-2 but now we are in this together and in order 
to survive we will need a concerted effort. Our track record for eliminating 
viruses has been a poor one. Classic examples that highlight this glaring fact are 
smallpox and polio. Obviously, this does not bode well for the current pandemic. 
Disease spread is inevitable in our interconnected world. In fact, for decades 
experts have warned us of impending danger, recommended setting up surveillance 
programs to recognize emerging/reemerging microbes and proposed methods of 
intervention (Box 1.12).

Box 1.12 Emerging and reemerging diseases: warning signs

A well-designed, well-implemented surveillance 
program can detect unusual clusters of disease, 
document the geographic and demographic spread 
of an outbreak, and estimate the magnitude of the 
problem. It can also help to describe the natural 
history of a disease, identify factors responsible for 
emergence, facilitate laboratory and epidemiological 
research, and assess the success of specific 
intervention efforts.

Source: J. 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.

(Continued)
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As we enter the twenty-first century, infectious 
diseases continue to burden populations around the 
world. Both naturally occurring and intentionally 
introduced biological threats hold increasing 
potential to cause disease, disability, and death. 
And beyond disease itself, the ability of infectious 
agents to destabilize populations, economies, and 
governments is fast becoming a sad fact of life. The 
prevention and control of infectious diseases are 
fundamental to individual, national, and global 
health and security; failure to recognize—and 
act on—this essential truth will surely lead to 
disaster. Over the past decade, the United States has 
taken important steps to strengthen its capacity 

to address the threats posed by these diseases. However, we must do more to 
improve our ability to detect, prevent, and control emerging and resurging 
diseases if we are to be better prepared for future microbial threats to 
health…we must continue to trumpet the message of urgency and concern, 
but our more demanding task is to take stock of existing preventive and 
remedial measures, and to consider what further investments of fiscal and 
political capital are needed if we are to keep pace with our microbial 
competitors. We need no longer limit our concern to the United States as the 
venue for microbial threats to health, as it is now widely understood that 
our borders offer trivial impediment to such threats. Nor need we have an 
exclusive focus on emerging diseases when we have so far to go in dealing 
globally with tuberculosis, malaria, and HIV/AIDS, which emerge and 
reemerge with violent fluctuations of intensity in different parts of the world.

 Source: M. S. Smolinski, M. A. Hamburg, and J. Lederberg. (2003). Microbial 
Threats to Health: Emergence, Detection, and Response. National Academies Press, 
Washington, DC.

This terrible global risk/benefit calculus means 
viruses may now swiftly enter every region of the 
world, but the protective gear, treatments, and 
vaccines necessary to save lives remain primarily 
available to lucky residents of the United States, 
Canada, Western Europe, Japan, and a handful of 
other countries. There is no governing structure 
for a pandemic, and little more than vague political 
pressure to ensure limited access to life-sparing 
tools and medicines for more than half the world 
population … A man lucky enough to receive an 
effective vaccine against a new viral threat in Los 
Angeles may be re-exposed a year later to a mutated 

Box 1.12 (Continued)
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version of that germ that circulated among unimmunized populations in poor 
countries, only to slam North America in a second wave. That is what happened 
with influenza in 1918, which spread across Europe in a mild form, returning 
months later in its terrifying virulence and killing more than 50 million people 
(by recently adjusted estimates perhaps 100 million people).

Courtesy of Laurie Garret, discussing the Warner Brothers film “Contagion” on CNN 
in 2011.

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 1.13), 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 (Box 1.14), and distribution of critical medical supplies 
to health-care providers.

Box 1.13 COVID-19 and politics: disarray, blame, and mismanagement

The most terrifying words in the English language are: I’m from the government 
and I’m here to help.

—Ronald Reagan

The highly politicized response to the pandemic added fuel to the fire. 
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 continues to cause us to 
stumble 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.

(Continued)
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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 (photo below). It was especially painful and 
disgusting 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, global conflicts, confusion, arrogance, and divisiveness.

Box 1.13 (Continued)
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Box 1.14 Power of digital contact tracing for COVID-19

There’s been much interest in using digital technology to help contain the 
spread of COVID-19 in our communities. The idea is to make available opt-in 
smart phone apps that create a log of other apps operating on the phones of 
nearby participants. If a participant tests positive for COVID-19 and enters 
the result, the app will then send automatic alerts to those phones—and 
participants—who recently came into close proximity with them. In theory, 
digital tracing would be much faster and more efficient than the challenging 
detective work involved in traditional contract tracing. But many have 
wondered how well such an opt-in system would work in practice.

A recent paper (Nature 2021 May 12. doi: 10.1038/s41586-021-03606-z) shows 
that a COVID-19 digital tracing app worked quite well in the United Kingdom. 
The research comes from Christophe Fraser, Oxford University, and his 
colleagues in the UK. The team studied the NHS COVID-19 app, the National 
Health Service’s digital tracing smart phone app for England and Wales. 
Launched in September 2020, the app has been downloaded onto 21 million 
devices and used regularly by about half of eligible smart phone users, ages 
16 and older. That’s 16.5 million of 33.7 million people, or more than a quarter 
of the total population of England and Wales. From the end of September 
through December 2020, the app sent about 1.7 million exposure notifications. 
That’s 4.4 on average for every person with COVID-19 who opted-in to the 
digital tracing app. The researchers estimate that around 6 percent of app 
users who received notifications of close contact with a positive case went on to 
test positive themselves. That’s similar to what’s been observed in traditional 
contact tracing. Next, they used two different approaches to construct 
mathematical and statistical models to determine how likely it was that a 
notified contact, if infected, would quarantine in a timely manner. Though 

(Continued)
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Box 1.14 (Continued)

the two approaches arrived at somewhat different answers, their combined 
outputs suggest that the app may have stopped anywhere from 200,000 to 
900,000 infections in just three months. This means that roughly one case 
was averted for each COVID-19 case that consented to having their contacts 
notified through the app. Of course, these apps are only as good as the total 
number of people who download and use them faithfully. They estimate that 
for every 1 percent increase in app users, the number of COVID-19 cases could 
be reduced by another 1 or 2 percent. While those numbers might sound 
small, they can be quite significant when one considers the devastating 
impact that COVID-19 continues to have on the lives and livelihoods of people 
all around the world.

Courtesy of Dr. Francis S. Collins and NIH.

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 spike elsewhere. 
Today we may rejoice lowered infections here in the US only to repent a spike 
in the months to follow. Next time, the attack may be with more 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 tweaked or discarded 
for policies that are more sensible tomorrow. 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.
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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, it has made painfully real our interconnectedness while also strengthening 
it with the many acts of kindness and compassion that should continue to serve as 
a uniting thread.

The solutions for pandemic control are well-known based on lessons from 
the past. They include adequately investing in a 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 down viral 
transmission, or prevent virulent mutants from evolving. In fact, all of 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 and create a more workable plan for future outbreaks.

After all, alone we can do so little, but together we can do so much. And we 
are all in this together.
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