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ABSTRACT Viruses have brought humanity many challenges: respiratory infection, cancer,
neurological impairment and immunosuppression to name a few. Virology research over
the last 601 years has responded to reduce this disease burden with vaccines and antivi-
rals. Despite this long history, the COVID-19 pandemic has brought unprecedented atten-
tion to the field of virology. Some of this attention is focused on concern about the safe
conduct of research with human pathogens. A small but vocal group of individuals has
seized upon these concerns – conflating legitimate questions about safely conducting virus-
related research with uncertainties over the origins of SARS-CoV-2. The result has fueled
public confusion and, in many instances, ill-informed condemnation of virology. With this
article, we seek to promote a return to rational discourse. We explain the use of gain-
of-function approaches in science, discuss the possible origins of SARS-CoV-2 and outline
current regulatory structures that provide oversight for virological research in the United
States. By offering our expertise, we – a broad group of working virologists – seek to aid
policy makers in navigating these controversial issues. Balanced, evidence-based discourse
is essential to addressing public concern while maintaining and expanding much-needed
research in virology.

KEYWORDS COVID-19, Coronavirus, DURC, Gain of function, SARS-CoV-2, biosafety,
influenza, pandemic, vaccines, zoonosis

Just 30,000 nucleotides of single-stranded RNA, neatly packaged as a coronavirus,
brought the world to its knees socially, economically, ethically, and morally during

the COVID-19 pandemic. COVID-19 has cast a harsh light on the many cracks, fissures and
disparities in our public health system, and the inability to broadly come together to face a
colossal crisis and focus on the needs of the most vulnerable. However, scientists worked
together and responded to the threat with impressive speed, drawing on critical previous
research on coronaviruses and other viral systems. Virologists, immunologists and microbi-
ologists from around the globe collaborated together with scientists from allied disciplines,
such as infectious diseases and epidemiology. They confronted the virus through research
to understand its pathogenesis and transmission, through surveillance to track the emer-
gence of variants, and through the development of rapid tests, vaccines, antivirals and
monoclonal antibodies. The SARS-CoV-2 pandemic would have claimed a substantially
larger number of lives and caused more economic disruption were it not for this unprece-
dented collaborative scientific response. Nevertheless, the SARS-CoV-2 pandemic has also
brought virology under the microscope with concerns about safety of virology research
and the uncertainties around the origins of SARS-CoV-2. Here we provide an evidence-
based discourse to address key issues.

Virology research under scrutiny. Congress has a constitutional mandate to pro-
vide oversight to federally funded research. As a new Congress convenes in the United
States, there is an opportunity for oversight hearings related to research in virology and
the virology community stands ready to partner with Congress and lend our expertise.
Our hope is that these hearings will highlight the enormous contributions of virology,
including gain-of-function experiments, to human health (Table 1). However, we fear
that some may use any such hearings to discredit virology and virologists and – whether
intentional or not – add fuel to an anti-science, fear-based movement. Should such hear-
ings lead to Congress legislating restrictions on scientific research, the outcome could
impede our ability to predict, prepare, and respond to emerging viral threats. An equally
devastating outcome would be to sow even more public distrust in science, which would
limit our ability to confront viruses in general and increase the human burden from viral
diseases.

The origin of SARS-CoV-2. A major point of contention in discussions of the COVID-19
pandemic has been the origin of SARS-CoV-2, with two major camps arguing that the virus
either originated from animal-to-human transmission (zoonosis) or by a laboratory leak (1–3).
Most virologists have been open-minded about the possible origins of SARS-CoV-2 and have
formed opinions based on the best available evidence, as is done for all scientific questions
(4). While each of these possibilities is plausible and has been investigated, currently the
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zoonosis hypothesis has the strongest supporting evidence (5–8). Zoonosis involves trans-
mission of the virus as a consequence of close proximity between humans and wild ani-
mals, a scenario that has occurred repeatedly over time, leading to the emergence of
many viruses, including Ebola virus, other coronaviruses, influenza A virus, mpox virus, and
others (9–11). The lab-origin hypothesis suggests an accident at best or nefarious actors at
the worst. At this time and based on the available data, there is no compelling evidence to
support either of these lab-origin scenarios. It is important that scientists, the public, and
public figures follow the evidence and limit speculation that can become fodder for misin-
formation and conspiracy theories. For example, on January 1, 2023, USA Today published
an article discussing where the next pandemic could originate and disproportionately empha-
sized risk from manmade threats and lab accidents while minimizing the fact that most pan-
demics are zoonoses and never mentioning how virological research could mitigate risk (12).
Unfounded accusations of a lab leak event or nefarious research in Chinese laboratories will
hasten the deterioration of important partnerships between the US and China that are critical
for early detection and preparedness for seasonal influenza and future pandemics.

Gain-of-function research. Despite the paucity of evidence for a laboratory-origin
of SARS-CoV-2, discussion of this possibility has driven a second controversy to the forefront
of science policy discussion: the use of gain-of-function approaches in virology. Although the
phrase ‘gain-of-function’ is very problematic and inexact, it is commonly used, and we will use
it here cautioning all its limitations (13). The source of concern in this area is that changing a vi-
rus to add new functionality may yield a dangerous pathogen. It is important to understand,
however, that gain-of-function approaches incorporate a large proportion of all research
because they are a powerful genetic tool in the laboratory. These include the development
of cancer therapeutics, bacterial strategies for bioremediation, and the engineering of
drought- or pest-resistant crops (Table 2). For example, some oncolytic viruses used to
treat cancer mediate their effects because, using gain-of-function approaches, they have
been endowed with new properties that kill tumors. At least two FDA-approved products
resulted from providing viruses with new functions (Table 2). Gain-of-function research
with pathogens of pandemic potential established that avian influenza viruses have the
capacity to acquire mammalian transmissibility and that bat-associated coronaviruses
posed a danger to humans years before COVID-19 (Table 2).

TABLE 1 Human viral diseases for which virology research has delivered vaccines and
antiviral drugs

Disease Vaccine Antiviral
Adenovirus Yes No
AIDS No Yes
Cervical and Head/neck Cancer Yes No
COVID-19 Yes Yes
Ebola virus Yes Yes
Japanese encephalitis Yes No
Hepatitis A Yes No
Hepatitis B Yes Yes
Hepatitis C No Yes
Herpes (HSV and CMV) No Yes
Influenza Yes Yes
Measles Yes No
Mpox Yes Yes
Mumps Yes No
Polio Yes No
Rabies Yes No
Respiratory syncytial virus No Yes
Rotavirus Yes No
Rubella Yes No
Smallpox Yes Yes
Tick borne encephalitis Yes No
Yellow fever Yes No
Varicella and zoster Yes Yes
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Despite these clear benefits, a narrative has developed suggesting that gain-of-
function research is synonymous with high-risk or nefarious activity to engineer or
enhance pandemic pathogens. In truth, gain-of-function research is a valuable experi-
mental approach that virologists use to address essential questions. Virologists do not
take their work lightly and thoughtfully propose experiments to address essential
questions. Virologists do not operate in isolation to judge the risks of experiments:
layers of regulation are in place such that risks are considered by individuals with
diverse perspectives and expertise (Fig. 1). The vast majority of virology experiments
could not enhance pandemic potential (referred to in the United States as gain-of-
function research-of-concern). Those rare experiments that could are currently sub-
ject to stringent oversight through the U.S. Government under programs known as
dual-use- research-of-concern (DURC) (14) and potential-pandemic-pathogens-care-
and-oversight (P3CO) (15) (Fig. 2), and also by the vast majority of international publishers,
including the American Society for Microbiology (ASM) and the Public Library of Science
(PLOS) (Fig. 3). There are clearly experiments where the risks outweigh the benefits, and it is
important that mechanisms exist to prevent such experiments. However, in many cases, gain-
of-function research-of-concern can very clearly advance pandemic preparedness and the
development of vaccines and antivirals. These tangible benefits often far outweigh the theo-
retical risks posed by modified viruses. Thus, it is important that oversight mechanisms faith-
fully consider both risks and benefits of these types of studies. It is equally important that the
mechanisms used to provide oversight of gain-of-function research-of-concern be focused on
research that is indeed of concern. Identifying research of concern is complex but it is critical
that safeguards be both thoughtfully designed and implemented to avoid suppressing inno-
vation in a field essential to mitigating infectious disease threats and with the potential to
transform health.

TABLE 2 Examples of useful gain-of-function experiments

Goal/result Microbe Gain-of-Function Reference
Insect control Baculovirus Scorpion neurotoxin (18)
Solid tumor therapy Vaccinia GM-CSF Expression (19)a

Melanoma therapy Herpes Simplex GM-CSF Expression (20)
COVID-19 vaccine Adenovirus type 26 Expression of SARS-CoV-2 spike protein (21)a

Repair Cardiac pacemaker Adenovirus Expression of sinoatrial node transcription factor (22)
Treatment of bacterial infectious diseases Bacteriophages Expression of various payloads to enhance activity (23)
Treating Citrus tree greening disease Citrus tristeza virus Spinach Defensin expression (24)
Enhanced Lithium Batteries E4 and M13 bacteriophage Modified coat protein for carbon nanotube and

cation binding
(25)

Rabbit control through immunocontraception Myxoma virus Expression of rabbit zona pellucida glycoproteins (26)b

Mouse control through immunocontraception Ectromelia Expression of mouse zona pellucida glycoproteins (27)b

Faster computers M13 bacteriophage Increased electrical conductance (28)
Established that H5N1 has capacity for
mammalian transmissibility

H5N1 Mutations leading to mammalian transmission (29, 30)

Established danger from bat SARS-like
coronavirus to humans

SARS-CoV Bat coronavirus spike protein (31)

Drought and salt resistance in plants Arabidopsis Over expression of vacuolar H1-ATPase (32)
Resistance to dengue virus to reduce
transmission

Mosquitoes Transgenic expression of antibody to dengue virus (33)

Resistance to freezing Many species from plant to animals Expression of anti-freeze proteins (34)
Increase nitrogen fixation to reduce fertilizer
need

Klebsiella variicola 122-fold increase in nitrogen fixation genes (35)

Develop a new vaccine against cryptococcosis Cryptococcus neoformans Expression of gamma- interferon (36)
Hormones for human therapy (e.g. insulin) E. coli Synthesis of human hormone (e.g. insulin) (37)
Enzymes for food prepn such as pectinases for
improved juice production

Yeast species Enzyme expression for industrial use (38)

CAR T cells Lentivirus Cancer immunotherapy (39)
Dengue vaccine Dengue/yellow fever virus Recombinant DNA technology replaces genetic

sequences in the yellow fever vaccine with
dengue virus sequences

(40)b

aFDA approved product.
bExperiments done in viruses that classify as pathogens with pandemic potential.
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Existing regulation of virology research in the United States. Without qualifica-
tion, appropriate precautions should be taken to minimize laboratory accidents or the
unjustified engineering of pathogens with enhanced pandemic potential. This is a shared
goal for scientists and regulators. Virological research in the United States is subject to
federal regulation through the Department of Health and Human Services and the U.S.
Department of Agriculture for work involving human, animal, and plant pathogens. Federal
policies are guided by the Biosafety in Microbiological and Biomedical Laboratories (BMBL)

FIG 1 Federal and institutional regulations. A brief breakdown of current U.S. Department of Health and Human
Services regulations on microbiology research and the implementation of federal requirements by individual institutions,
through various committees and processes. Important additional oversight that is not shown includes that provided by
occupational health services to ensure safety of research personnel, and federal and institutional regulation of research
involving vertebrate animals or human subjects, which are overseen by Institutional Animal Care and Use Committees
(IACUC; animal research) and Institutional Review Boards (IRB; human subjects research).
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