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REVISITING GAIN OF FUNCTION RESEARCH:
WHAT THE PANDEMIC TAUGHT US AND
WHERE DO WE GO FROM HERE

WEDNESDAY, AUGUST 3, 2022

U.S. SENATE,
SUBCOMMITTEE ON EMERGING THREATS AND
SPENDING OVERSIGHT,
OF THE COMMITTEE ON HOMELAND SECURITY
AND GOVERNMENTAL AFFAIRS,
Washington, DC.

The Subcommittee met, pursuant to notice, at 2:30 p.m., via
Webex and in room 342, Dirksen Senate Office Building, Hon.
Rand Paul, presiding.

Present: Senators Ossoff, Paul, Scott, Hawley, and Johnson.

Also present: Senator Marshall.

OPENING STATEMENT OF SENATOR PAUL?

Senator PAUL. I call this meeting of the Senate Homeland Secu-
rity and Governmental Affairs Subcommittee on Emerging Threats
and Spending Oversight (ETSO) to order. I want to thank Senator
Hassan for allowing this hearing to occur.

Welcome to each of our panelists. Thank you for joining us.

The purpose of this hearing by the Subcommittee on Emerging
Threats and Spending Oversight is to discuss, as our name implies,
the emerging threat posed by gain-of-function research. We will
hear from a panel of three witnesses, all of whom are extraor-
dinarily accomplished experts in the scientific community. We are
grateful for their work and we are grateful to each of you for taking
the time to appear with us this afternoon.

Gain-of-function (GOF) research is a controversial scientific re-
search method involving the manipulation of pathogens to give
them a new aspect or ability, such as making viruses more trans-
missible or dangerous to humans. Despite all we have learned
about the potential risks of this particular method of research, this
]ios the first congressional hearing on this subject since the pandemic

egan.

Today we will discuss what gain-of-function research entails, how
gain-of-function research is defined, and whether the definition of
gain-of-function research is applied consistently by the Department
of Health and Human Services (HHS) Potential Pandemic Patho-
gens (P3CO) Review Committee. This is a committee that was set
up to study potential pandemic pathogens.

1The prepared statement of Senator Paul appears in the Appendix on page 35.
(1)
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We will discuss the responsibility for how we determine the risks
and benefits. We will also discuss how this committee operates,
how this committee approves or denies projects from receiving Fed-
eral funding based on whether the pathogen is considered to be a
credible source of potential future human pandemic, and if the po-
tential risks, as compared to the potential benefits to society, are
justified. In other words, a project is not gain-of-function if the re-
view committee is unsure if a recombinant virus will create a fu-
ture pandemic.

There is a question of whether or not there is a reasonable expec-
tation that it might be or whether or not it has been in the past,
or what viruses should be and should not be experimented upon.
This broad criterion gives one sole committee, which is comprised
of an unknown group of bureaucrats—I believe the names are not
released of who is on the committee so there is not necessarily any
oversight of the oversight—the power to spend millions of taxpayer
dollars on a single, preemptive guess, with potentially devastating
consequences.

Today we will also consider whether gain-of-function research
was performed at the Wuhan Institute of Virology (WIV). First, no
one, not myself or anyone I am aware of, argues that a recom-
binant super-virus that has been published in scientific journals is
Coronavirus Disease 2019 (COVID-19) or a close relative. If—and
I underline “if"—COVID-19 leaked from the Wuhan lab, it would
be a laboratory-created virus that the Wuhan scientists have not
yet, and are unlikely ever to reveal.

I maintain that the techniques that the National Institutes of
Health (NIH) funded in Wuhan to create enhanced pathogens may
have or could have been used to create COVID-19. The American
people deserve to know how this pandemic started and to know if
the NIH funded research that may have caused this pandemic.

Gain-of-function research has the potential to unleash a global
pandemic that threatens the lives of millions. Yet this is the first
time the issue has been discussed in a congressional committee.

I am sure each Member of this Committee, as well as the full
Senate, can agree that we need stronger government oversight of
how our tax dollars are being used to finance experimenting with
possibly fatal diseases.

Again, I thank each of our distinguished witnesses for being here
today and I thank Chair Hassan for working with me to convene
this meeting.

Before we begin I would like to note that I have invited Senators
who are not on the Subcommittee to also attend today. Therefore,
I ask unanimous consent (UC) to allow Senator Marshall and Sen-
ator Johnson to fully participate in the hearing, provided that any
Members of the Subcommittee be given deference in the order of
recognition. Without objection.

Next I would like to remind witnesses that any written testi-
mony they have, anything that they have submitted, will be in-
cluded in the record, and to please keep your opening remarks to
around 7 minutes.

With that I am going to introduce the witnesses, and we will
hear their remarks after the introduction, which is slightly dif-
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ferent than we do sometimes, and then I will introduce the next
witnesses.

The first witness will be with via WebEx. It is Dr. Richard
Ebright. Dr. Richard Ebright is the Board of Governors Professor
of Chemistry and Chemical Biology and the Director of the
Waksman Institute of Microbiology at Rutgers University. Dr.
Ebright completed his undergraduate degree from Harvard Univer-
sity in biology, where he earned summa cum laude honors. He later
received a PhD in microbiology and molecular genetics, also from
Harvard.

Dr. Ebright’s research has led to over 175 publications as well as
over 40 issued and pending patents. He has received numerous
awards for research and is currently a member of the American
Academy of Arts and Sciences as well as the Institutional Biosafety
Committee at Rutgers University. He is a Fellow of the Infectious
Disease Society of America, the American Academy of Microbiology,
American Association for Advancement of Science. He was the edi-
tor of Molecular Biology for 16 years.

Dr. Ebright currently serves as the project leader of three cur-
rent NIH research grants, has provided testimony to the House
Committee on Energy and Commerce on the 2014 anthrax incident,
and was a founding member of the Cambridge Working Group,
whose cautionary statement on gain-of-function research involving
potential pandemic pathogens remains as relevant as the day it
was released in July 2014.

Dr. Ebright.

TESTIMONY OF RICHARD H. EBRIGHT, PH.D.,! LABORATORY
DIRECTOR, WAKSMAN INSTITUTE OF MICROBIOLOGY, RUT-
GERS UNIVERSITY

Mr. EBRIGHT. Thank you. Chair Hassan and Members of the
Committee, thank you for inviting me to discuss gain-of-function
research and its oversight. I am Board of Governors Professor of
Chemistry and Chemical Biology at Rutgers, the State University
of New Jersey, and Laboratory Director at the Waksman Institute
of Microbiology. In my oral statement I will discuss the definition
of gain-of-function research of concern, risks and benefits of the re-
search, U.S. oversight of the research, and steps to strengthen U.S.
oversight of the research.

What is gain-of-function research of concern? Gain-of-function re-
search of concern is defined as research activities reasonably antici-
pated to increase a potential pandemic pathogen’s transmissibility,
pathogenicity, ability to overcome immune response, or ability to
overcome a vaccine or drug.

Gain-of-function research of concern involves the creation of new
health threats, health threats that did not exist previously and
that might not come to exist by natural means for tens, hundreds,
or thousands of years.

Gain-of-function research of concern is a small part of biomedical
research. It constitutes less than one-tenth of 1 percent of bio-
medical research and less than 1 percent of virology. However, be-
cause gain-of-function research of concern can cause pandemics,

1The prepared statement of Dr. Ebright appears in the Appendix on page 38.
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thi}s1 small part is highly consequential and requires effective over-
sight.

What are the risks? Gain-of-function research of concern poses
high, potentially existential, risks. Gain-of-function research of con-
cern poses material risks by creating new potential pandemic
pathogens. If a resulting new potential pandemic pathogen is re-
leased into humans, either by accident or deliberately, this can
cause a pandemic.

Gain-of-function research of concern also poses information risks,
by providing information on the construction and properties of new
potential pandemic pathogens. Publication of the research provides
instructions, step-by-step recipes that can enable a rogue nation,
organization, or individual to construct a new pathogen and cause
a pandemic.

What are the benefits? Gain-of-function research of concern pro-
vides limited benefits. Gain-of-function research of concern can ad-
vance scientific understanding, but gain-of-function research of con-
cern has no civilian practical applications. In particular, gain-of-
function research of concern is not needed for, and does not con-
tribute to, the development of vaccines and drugs. Companies de-
velop vaccines and drugs against pathogens that exist and circulate
in humans, not against pathogens that do not yet exist and do not
circulate in humans.

What should oversight entail? Because gain-of-function research
of concern poses high, potentially existential risks and provides
limited benefits, the risk-benefit ratio for the research almost al-
ways is unfavorable and in many cases is extremely unfavorable.
Therefore, it is imperative that gain-of-function research of concern
be subject to national or international level oversight to ensure be-
fore the research is started that risk-benefit ratios are acceptable
and risks are mitigated.

Effective oversight includes three components. First, research
proposals that include gain-of-function research of concern must be
identified and flagged. Second, a risk-benefit assessment must be
performed. This entails enumerating risks and benefits, weighing
risks and benefits, and reaching a decision, either to proceed as
proposed or to proceed with additional risk mitigation, or not to
proceed.

Third, compliance with the decision from the risk-benefit assess-
ment must be mandated, monitored, and enforced.

I turn now to U.S. oversight of gain-of-function research of con-
cern.

Before 2014, there was no national-level U.S. oversight of gain-
of-function research of concern. In 2014 to 2017, the government
put in place a moratorium on Federal funding for “selected gain-
of-function research,” defined as research activities reasonably an-
ticipated to increase the transmissibility or pathogenicity of influ-
enza, severe acute respiratory syndrome (SARS), or Middle East
respiratory syndrome (MERS) viruses. The policy was referred to
as the Pause.

Under the Pause, 18 projects were paused. However, at least 7
of the 18 projects that were paused were allowed to resume almost
immediately. More important, other projects that met the definition
for coverage, including a project on SARS-related coronaviruses by
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EcoHealth Alliance and its Wuhan-based partners, were not
paused, due to the failure of the NIH to identify and flag all cov-
ered projects.

At the end of 2017, the Pause was lifted and was replaced by an
HHS policy that requires risk-benefit assessment before awarding
HHS funding for “research involving enhanced potential pandemic
pathogens,” defined as research activities reasonably anticipated to
increase the transmissibility or pathogenicity of a potential pan-
demic pathogen. The policy is referred to as the P3CO Framework.

Under the P3CO Framework, covered projects must be identified
and flagged by the funding agency, the NIH, and covered projects
must be reviewed by an HHS Secretary-level committee, the P3CO
Committee.

The P3CO Framework assesses the reasonably anticipated re-
sults of the proposed research. The reasonably anticipated standard
employed by the policy is equivalent, in all respects, to the reason-
able person standard employed in U.S. administrative law and U.S.
civil law.

In principle the P3CO Framework ensures risk-benefit assess-
ment of gain-of-function research of concern. However, in practice,
the P3CO Framework has existed primarily on paper. In the 4%
years since the policy was announced, only three projects have been
reviewed. Most covered projects, including the project by EcoHealth
Alliance and its Wuhan partners, were not reviewed, due to a fail-
ure by the NIH to identify and flag covered projects.

In addition, the P3CO Committee has been non-transparent and
unaccountable. The names and agency affiliations of its members
have not been disclosed, its proceedings have not been disclosed,
and even its decisions have not been disclosed.

Current U.S. oversight of gain-of-function research of concern
thus has serious shortcomings. Moving forward, any effective sys-
tem of U.S. oversight of gain-of-function research of concern must
address these shortcomings. My recommendations are as follows:

First, responsibility for U.S. oversight of gain-of-function re-
search of concern should be assigned to a single, independent Fed-
eral 2}11gency that does not perform research and does not fund re-
search.

Second, U.S. oversight of gain-of-function research of concern
should cover all U.S. and U.S.-funded research, irrespective of
funding source, classification status, and research location.

Third, U.S. oversight of gain-of-function research of concern
should be codified in regulations with force of law and should be
mandated, monitored, and enforced.

Fourth, U.S. oversight of gain-of-function research of concern
should be transparent and accountable.

Thank you for your attention, and I would be pleased to address
questions.

Senator PAUL. Thank you, Dr. Ebright.

Next we will have Dr. Steven Quay. Dr. Steven Quay is the
Founder and Chairman of the Seattle-Based Atossa Therapeutics.
Atossa Therapeutics is a clinical-stage biopharmaceutical company
that develops novel therapeutics and delivery methods for breast
cancer and other breast conditions, with the goal of preventing the
two million yearly breast cancer cases worldwide.
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Earlier in his career, Dr. Quay received his MD and PhD from
the University of Michigan, trained as a postdoctoral fellow at Mas-
sachusetts Institute of Technology (MIT), and served on the faculty
of Stanford University’s School of Medicine.

Dr. Quay’s published contributions to the world of medicine have
been cited extensively, and he is a medical entrepreneur. He has
founded six startups, invented seven Food and Drug Administra-
tion (FDA)-approved pharmaceuticals, and is the holder of 87 pat-
ents and over 130 pending U.S. and foreign patent applications.

He is also an author. Notably, during the pandemic, Dr. Quay
published his No. 1 Amazon best seller, Stay Safe: A Physician’s
Guide to Survive Coronavirus.

Finally, Dr. Quay recently presented testimony to lawmakers as
part of an expert forum convened by the House Select Committee
on Coronavirus, titled “Led by Science: The COVID-19 Origin
Story.”

Dr. Quay.

TESTIMONY OF STEVEN QUAY, MD, PH.D.,! CHIEF EXECUTIVE
OFFICER, ATOSSA THERAPEUTICS, INC.

Dr. QuAy. I am honored to participate with my esteemed col-
leagues, Doctors Ebright and Esvelt, in this forum entitled “Revis-
iting Gain-of-Function Research: What the Pandemic Taught Us
and Where Do We Go From Here.”

I offer six statements in opening. One, there is no dispositive evi-
dence the pandemic began as a spillover of a natural virus in a
market. All evidence is consistent with a laboratory-acquired infec-
tion. I do understand this conclusion is not widely held, I can spend
an entire hearing painstakingly going through the scientific evi-
dence for this conclusion, but that is not the purpose of today’s
meeting.

I am happy to discuss the evidence contained in my written re-
marks during questioning. I am also willing to publicly debate any
virologist on this question, at any time or place. Only one infectious
disease doctor was willing to debate this question with me last year
in a formal debate format, and he lost.

I am also willing to testify under oath, if requested.

No. 2, all evidence is consistent with an accidental and not a de-
liberate release.

No. 3, SARS2 has features consistent with synthetic biology gain-
of-function research. Two features involve acceptable academic
gain-of-function research, the receptor binding domain optimization
and the furin cleavage site. These two features have never been
found in nature and related viruses that could have reasonably
started the pandemic because of the closeness of these viruses to
Wuhan.

These two features are, on the other hand, routinely engineered
into viruses. In 2018, United States and WIV scientists proposed
inserting “human-specific furin cleavage sites in a bat virus back-
bone.” Two years later, SARS2 appeared on the WIV’s doorstep.
SAR2 is a bat-derived virus with a human-specific furin cleavage
site.

1The prepared statement of Dr. Quay appears in the Appendix on page 66.
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One region of SARS2, called open reading frames (ORF8), has
features of forbidden gain-of-function research, asymptomatic
transmission and immune system evasion. The WIV was engineer-
ing a protein related to ORF8 to have these two forbidden prop-
erties before 2019, as shown in two master’s degree theses avail-
able only in Chinese.

COVID exhibits 40 percent asymptomatic transmission, unheard
of for a new respiratory virus. Patients infected with an acquired
deletion of ORF8 have a milder infection. Could the reduced effi-
cacy of vaccines and natural immunity be an engineered feature?
It appears likely.

Six, in December 2019, the Wuhan Institute of Virology was con-
ducted synthetic biology research on the Nipah virus, which is 60
percent lethal in low-containment, biosafety level 2 (BSL-2), 3 fa-
cilities. The Nipah virus was in an infectious clone format. Nipah
is a BSL—4 level pathogen and a Centers for Disease Control and
Prevention (CDC)-designated bioterrorism agent. This is the most
dangerous gain-of-function research I have ever encountered. We
should assume this research continues to this day at the WIV.

I will close with five recommendations for future gain-of-function
research.

Where did the pandemic begin? The competing hypotheses are a
natural spillover at the Hunan Seafood Market in Wuhan and a
laboratory-acquired infection. Two recent papers purport to claim
the pandemic began at the Hunan Market in December 2019.
There are at least six serious problems with these papers.

The most important are that in the early months no animal has
ever been found to be infected with COVID-19 anywhere, including
the market, and the molecular clock of SARS2 places the first
human infection in the fall of 2019, long before the December mar-
ket cases. All infections in the market in human were what is
called Lineage B, and not the most ancestral lineage, Lineage A.
I, like many other scientists, believe the market cases were a
superspreader event, on this first chart here.

The earliest cluster of hospitalized patients with both the Lin-
eage A and B virus was at the People’s Liberation Army (PLA)
Hospital in Wuhan. This hospital is about six kilometers from the
WIV, and on Line 2 of the Wuhan subway system, as shown in this
chart. All early cases are in hospitals adjacent to Line 2, and the
probably that this was a chance occurrence is 1 in 68,000.

The Line 2 Covid Conduit, as I called it, includes the PLA Hos-
pital, the WIV, the market, and the international airport. You can
literally walk down into the subway system from the WIV in China
and next exit outside in London, Paris, Dubai, Los Angeles, or New
York, all before having any symptoms. Modeling by others suggests
that the pandemic could not have occurred without the inter-
national spreading impact of Line 2.

Has gain-of-function research been useful to the COVID response
or any other public health infectious disease emergency? I have
found no evidence that gain-of-function research helped in either
the COVID pandemic or other smaller epidemics.

We now know that an Messenger Ribonucleic acid (mRNA) vac-
cine can be designed within literally days of a new outbreak once
the pathogen is sequenced, and large-scale manufacturing can
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begin soon thereafter. This capability has now been fully road-test-
ed and provides, in my opinion, the best defensive capability
against future microbes.

It is also important to point out that gain-of-function research is
a tiny sliver of all research funded by NIH. Specifically, there were
over 36,000 Research Project (RO1) grants funded by NIH in 2020,
the latest year with statistics. Of these, the self-described gain-of-
function on potential pathogens research grants numbered only 21
in the latest funding year. Even expanding this by tenfold with a
less stringent definition of gain-of-function would mean we are
talking about less than 1 percent of all NIH research funding. I
cannot imagine a scenario where but for this tiny research effort
a new pandemic occurs.

What reforms should be considered in order to assure that such
research is conducted in a safe and transparent manner? While I
found no actual benefit of gain-of-function research, I believe efforts
to ban it, given the vested interests of literally the entire virology
community, is a hill too steep to climb. A proposal that I believe
is achievable is the placement of all select agent research within
the existing institutional review board structure used for human
clinical trials. I believe this effort would put guardrails around the
most dangerous aspects of this research, and has the added benefit
of international acceptance, including in China.

My second reform would be to separate government oversight
from the funding agency, and the model would be the Atomic En-
ergy Commission.

My third suggestion is to place Western biotechnology equipment
under export controls and monitoring. There are ways to build into
these systems a forensic and law enforcement capability that could,
for example, with probable cause and a court-ordered search war-
rant allow the work of any lab in the world to be scrutinized re-
motely.

My fourth recommendation is simple: do not put dangerous infec-
tious disease laboratories near subways, like Line 2, where every
major city in the world is accessible with the incubation period of
an infection.

Finally, I am including what I call gain-of-opportunity research,
going into caves where humans are seldom found, taking a bat
fecal sample containing thousands of viruses, bringing those vi-
ruses back to a laboratory, and culturing the specimens where a
virus might be controlled in a diverse natural environment, is now
able to grow unrestricted in pure culture, provides an immense in-
creased potential risk, a gain of opportunity for the virus.

This is the goal of the Global Virome Project, a Gates Founda-
tion-funded, Eco-Health Alliance-associated effort. Their stated
goal: collect the estimated 500,000 unknown viruses that are capa-
ble of infecting humans and bringing them back to a laboratory
near you. What could go wrong?

Could I have the last slide here.

What happens if we have these hearings and nothing happens?
In December 2019, we performed a remote audit, forensic examina-
tion of the Wuhan Institute of Virology and found synthetic biology
experiments with the Nipah virus. As the chart shows, they had
created a cloning vector with a virus the U.S. CDC defines as a bio-
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terrorism agent. Nipah virus is one of the deadliest on the planet,
with a greater than 60 percent lethality.

Why were they conducting this experiment? I do not know. But
laboratory-acquired infection with this virus, if it became airborne,
would make COVID-19 look like a walk in the park.

The work of this Committee is critical to protecting the American
people as well as the people of all countries from future pandemics,
manmade or natural. If we now fail to act with the knowledge we
have, history will judge us poorly.

Thank you for the opportunity to speak.

Senator PAUL. Thank you, Dr. Quay. Our final witness is Dr.
Kevin Esvelt. He is currently an Assistant Professor at the MIT
Media Lab group, where he leads the Sculpting Evolution Group.

Dr. Esvelt received his BA in chemistry and biology from Harvey
Mudd College and would later complete his PhD in biochemistry at
Harvard University, as a Hertz Fellow.

While working in the laboratory of David Liu at Harvard Univer-
sity, Dr. Esvelt invented phage-assisted continuous evolution
(PACE), which is a synthetic microbial ecosystem for rapidly evolv-
ing biomolecules. Later, during his time as a Wyss Technology Fel-
low, Esvelt’s focus centered around the development of gene drive
technology. Many of Esvelt’s contributions related to the bioethics
and biosafety of such gene drivers, and he is credited as the first
to describe how Clustered Regularly Interspaced Short Palindromic
Repeats (CRISPR) gene drives could be used to alter the traits of
wild populations in an evolutionary stable manner.

In his recent work at the Sculpting Evolution Group, Dr. Esvelt
and his colleagues invented the new technology known as “daisy
drives,” which would let communities aiming to prevent disease
alter wild organisms in local ecosystems.

Throughout his career, Dr. Esvelt has been a champion of uni-
versal safeguards, transparency, raising scientific awareness of de-
veloping early warning systems to reliably detect any catastrophic
biological threat, and advising policymakers on how to best miti-
gate global catastrophic biorisks.

Dr. Esvelt.

TESTIMONY OF KEVIN M. ESVELT, PH.D.,! ASSISTANT
PROFESSOR OF MEDIA ARTS AND SCIENCES, MIT MEDIA LAB

Mr. EsveELT. Chair Hassan, Ranking Member Paul, Senators,
thank you for the kind invitation. I have to say that I have no spe-
cial insights regarding the origins of COVID. In fact, I kind of
doubt that there is sufficient evidence to be conclusive in one way
or the other. But our models suggest that knowing where it came
from would not actually help us defend against future pandemics.

I agreed to speak to a bipartisan hearing today because this is
the Emerging Threats Subcommittee, and I am increasingly con-
cerned by our continuing failure to recognize an increasingly dire
technological threat.

Leo Szilard who invented the nuclear chain reaction and
launched the modern nonproliferation movement, is a scientific

1The prepared statement of Mr. Esvelt appears in the Appendix on page 73.
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hero of mine, and he wrote, “The most important step in getting
a job done is the recognition of the problem.”

The problem is not our inability to agree on what does or does
not constitute gain-of-function research or even whether the puta-
tive benefits of this research outweigh the risks of accidents. Rath-
er, the problem is that we are so used to thinking of pandemics as
a health and safety issue that we have missed the national security
implications of identifying viruses that could be deliberately un-
leashed to kill millions of people.

Let me illustrate. When the genome of SARS2 was first posted
online, scientists did not have to wait for physical samples of the
virus to become available to begin studying it and working on coun-
termeasures. That is because we could order synthetic
deoxyribonucleic acid (DNA) corresponding to the genome of the
pathogen and assemble infectious samples using freely available,
step-by-step protocols.

From a biomedical perspective, that is a triumph, particularly be-
cause it only costs a few thousand dollars, and the price is plum-
meting. But from a security perspective, that means that thou-
sands of researchers could gain access to a novel pandemic agent,
as soon as it was identified as such.

Thankfully, we still do not know of any particularly concerning
examples, that is, agents that would likely cause a pandemic if
they were to be released, even at multiple sites. If we did know,
then the modern-day equivalent of a terrorist, like Seiichi Endo,
who is a graduate-trained virologist and doomsday cultist, who
sought samples of Ebola and used chemical weapons to commit
mass murder, might have well assembled them and released them
in airports by now.

But if you work in public health and infectious disease you natu-
rally want to know what the next threat might be so that you can
better prepare defenses. That makes sense. That is why both
United States Agency for International Development (USAID) and
NIH have funded research attempting to find or create novel pan-
demic-capable viruses in labs all over the world.

Now we disagree on whether some of those experiments might
fall into an arbitrarily defined category called gain-of-function re-
search. We biologists disagree over what a species is. Did you know
that a tiger and a lion can interbreed? But what nobody disputes
is that in the hope of preventing natural pandemics both agencies
seek to identify viruses that could kill as many people as a nuclear
weapon, to alert the entire world to what they find, and to publicly
sharing the complete genome sequences of those viruses so that
skilled scientists everywhere will be able to make infectious sam-
ples.

The tragedy is that these are health experts, well-meaning
health experts, who have dedicated their lives to fighting infectious
disease, and they struggle to imagine anyone evil enough to delib-
erately cause one. They never considered that these advances in
technology, which are continuing, plus a list of pandemic-capable
viruses, would allow a single skilled terrorist to unleash more
pandemics at once than would naturally occur in a century. No one
warned them, perhaps because, as has been previously noted, they
lack independent security oversight of their work.
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Now it is always possible that we could save more lives by help-
ing to prevent natural pandemics than we would lose due to delib-
erate acts of terrorism. But according to our numerical cost-benefit
model, it is not even close, even for the best-case scenario. The rea-
son is there are so many viruses in nature, most of which will
never encounter a human. The lowest published estimate suggest
that for every pandemic virus that does spill over in a century
there are 100 that will never encounter a human.

That means if you identify one at random, even if we could per-
fectly prevent it from spilling over and causing a pandemic, that
one virus, then we have a 1-in-100 chance of actually preventing
a pandemic. But if there is just a 1 percent chance of deliberate
misuse per year, then in that same time period we can expect to
cause a pandemic. In other words, pandemic virus identification,
whether it is created in the lab or whether it is just identified in
the wild, is expected to kill 100 times as many people as it would
save.

For 75 years, the United States successfully kept nuclear weap-
ons out of the hands of terrorists. In the wake of a pandemic that
has killed more people than could any thermonuclear explosion, it
is time to start doing the same for pandemic viruses.

For starters, Congress could study the issue and release a find-
ing on whether pandemic virus identification endangers national
security. It is just that simple. Then, if necessary, reform USAID
and NIH research. It could require an oversight committee of ex-
perts from security agencies to review all requests for proposals in
the life sciences. It could update the Federal Select Agent Program
to automatically regulate viruses at the first sign of pandemic ca-
pability, because these are the most dangerous agents out there. It
could require all DNA synthesis orders to be screened for hazards.

Perhaps most important, Congress could legislate catastrophe li-
ability, that is, liability for human-caused events that result in
more than 1 million American casualties, as SARS2 has, and re-
quire general liability insurance to cover it. That would induce the
market to price in the cost of negative externalities and cause pro-
fessional insurance risk analysts to perform those cost-benefit anal-
yses.

Now I am optimistic about this issue because we just need to buy
time. If we can keep pandemic-capable viruses out of the hands of
terrorists for a decade then we can deploy new, general-purpose de-
fensive technologies. These range from ubiquitous sequencing that
can detect any emerging threat, to perfect protective equipment for
our essential workers, to low-wavelength germicidal lights, and
these together could protect us from all pandemics, whether nat-
ural, accidental, or deliberate.

Pandemic proliferation is a solvable national security problem,
but only if we recognize it as one. Thank you.

Senator PAUL. Thank you, Dr. Esvelt. We will start with Senator
Scott from Florida.

OPENING STATEMENT OF SENATOR SCOTT

Senator ScOTT. All right. Thank you, Chair.
Dr. Esvelt, in your testimony you talk about USAID funding
gain-of-function experiments through Discovery & Exploration of
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Emerging Pathogens—Viral Zoonoses (DEEP VZN), the program
which specifically conducts experiments geared toward pandemics
and virology and Strategies to Prevent (STOP) SPILLOVER, which
as you know, research is spillover between animals and humans.
Can you talk about what these programs specifically are and why
they may be dangerous?

Mr. Esvert. DEEP VZN and STOP SPILLOVER are extensions
of USAID’s long-running PREDICT program, the goal of which was
to predict pandemics, that is, to identify viruses in the wild that
had a good chance of spilling over and causing a pandemic in hu-
mans. This is part of the laudable One Health program which
seeks to identify essentially hotspots where viruses are likely to
spill over into humans and cause a pandemic. The idea is if we find
these hotspots, educate the community, teach them what to do in
the event of an outbreak, then we might be able to stop it before
it reaches our shores. That makes sense.

But again, they do not seem to have thought of the security
issues associated with publishing a list of pandemic-capable vi-
ruses, by threat order. Now we cannot necessarily know whether
a given pandemic would take off until it is spreading in humans,
but there is a narrow set of laboratory experiments that can tell
us, does it look like a human endemic virus, in certain traits?
These are a tiny subset of all experiments that really are not very
useful for anything else. They do not help with therapeutic develop-
ment.

Part of PREDICT was to take samples of these viruses, bring
them back to the lab, run these kinds of experiments, sequence the
genomes, share them. They did not find anything particularly
scary, but they found some candidates that looked fairly nasty, in-
cluding at the Wuhan Institute of Virology. It is hard to know what
USAID did and did not approve, but they are listed as an acknowl-
edgement, as is NIH, on a paper that recombined those dangerous-
looking but definitely not pandemic-capable viruses, and then per-
formed experiments to see, did they look like they could plausibly
cause prescription drugs.

Senator SCOTT. Do you think these programs are dangerous?

Mr. ESVELT. I think any program attempting to identify an agent
that would be widely accessible and could be deliberately released
to kill millions of people is pretty much the definition of dangerous,
yes.

Senator ScOTT. Do you think that USAID, whose main job is to
provide humanitarian aid globally, has the oversight for programs
and experiments like STOP SPILLOVER and DEEP VZN, which
are not humanitarian in nature?

Mr. ESVELT. I think there is a very strong humanitarian case for
preventing pandemics. I think that the absence of security over-
sight means that USAID was probably just not aware of the secu-
rity consequences of their work, and it remains to be seen whether
they will decide that it is inadvisable to maintain a ranked-order
list of those most threatening viruses.

Senator SCOTT. Do you think they have the oversight ability to
handle this job?

Mr. EsSVELT. It is unclear exactly who they are seeking advice
from. My understanding is that they are seeking advice from folks
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with greater security expertise, and the real question is what ac-
tions are going to come of that.

Seglator ScoTT. Would these programs go through a P3CO re-
view?

Mr. EsSVELT. My understanding is that federally funded research
does go through P3CO review. However, it is unclear whether the
basic find-the-pathogens program, would go through such review
because until you find it and at least run some characterization to
determine whether or not it looks like a pandemic virus it would
not necessary be regulated. As previously mentioned, due to the
transparency issues with that committee it is very much unclear
what their remit is and is not.

Senator SCOTT. Do you know who is on the panel for P3CO?

Mr. EsvELT. I do not.

Senator SCOTT. Is it not public?

Mr. ESVELT. My understanding is it is not public.

Senator SCOTT. Why would it not be public?

Mr. EsVELT. That is an excellent question.

Senator SCOTT. Do any of the witnesses know why it would not
be public?

Mr. ESVELT. No.

Dr. QuAy. No. I know it is not public and I do not know why it
is not public.

Senator SCOTT. That is part of our Federal Government, right?

Dr. QuAy. Correct.

Senator SCOTT. Do they think Americans are not smart enough
to understand it?

Dr. QUAY. You will have to ask the people at the NIH.

Senator ScOTT. Do you know how they made the decision not to
make the names public?

Dr. Quay. No.

Senator SCOTT. OK. For each of you, do you think that the P3CO
review is comprehensive enough on NIH grants or do you think
gain:}of-function grants have been approved without a P3CO re-
view?

Senator PAUL. Let us go to Dr. Ebright. I do not want to leave
him out. Then we will go to each of you. Dr. Ebright, would you
like to respond to that?

Mr. EBRIGHT. Yes. As I mentioned in my summary statement,
there have been only three P3CO reviews in the 4% years that the
P3CO Framework has been in effect. The majority of gain-of-func-
tion research of concern enhanced potential pandemic pathogen re-
search supported by NIH has not undergone P3CO review. It has
not undergone P3CO review for the simple reason that the NIH
has not identified and flagged the proposals as subject to P3CO re-
view and has not forwarded the proposals for P3CO review.

Senator PAUL. Let me ask the other two to respond as well.

Dr. QUAY. Yes. I think, just echoing Dr. Ebright, it has been a
failure, I think, at this this point in time, and so we need to find
an alternative, which is perhaps to take it out of the NIH, make
the oversight outside of the agency that is funding.

Mr. ESVELT. One major problem is that gain-of-function is a ter-
rible term. It applies to most of biotechnology in the raw. You can
try to add qualifiers as you want. But it also inherently does not
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catch efforts to identify perfectly natural but nevertheless highly
lethal pandemic-capable viruses. It really does not matter where
the thing comes from. What matters is do you know that there is
a good chance that it causes a pandemic.

Again, maybe you do not think we can ever be confident more
than, say, 50 percent for a given virus, but if you get a list of eight
viruses that you are 50 percent confident, it is possible to make all
eight, let them go, and you have pretty good odds there.

I am concerned by efforts to continue to focus on gain-of-function
because it is so ill-defined, and it seems more productive to narrow
in on the classes of experiments that can substantially increase our
confidence that a virus is pandemic capable, wherever it comes
from. I certainly echo the calls for external security oversight.

Senator SCOTT. Do you think there is appropriate oversight of ex-
isting research after it has been approved, to ensure continuous
compliance?

Mr. EBRIGHT. I would say that there is not. Importantly, the
P3CO Framework does not mandate compliance. If the P3CO com-
mittee makes a decision that the research may not proceed, that
decision is only advisory to the funding agency. It is not mandated
for the funding agency. The funding agency is free to accept or not
accept the decision, and it is free to determine whether to monitor
or not to monitor the progress of the work. This is a major short-
coming.

Senator SCOTT. Thank you.

Senator PAUL. I want to interject on the definition, whether gain-
of-function is good definition or not. That began with the NIH.
They gave us the definition and we started with that. I do think
Dr. Esvelt is making some good points that we ought to be con-
cerned with viruses that are not created but that actually come
from nature that could cause pandemics. I think part of this discus-
sion is to try to figure out where we get to.

Senator Johnson.

OPENING STATEMENT OF SENATOR JOHNSON

Senator JOHNSON. Thank you, Mr. Chairman. How long have we
had gain-of-function capability? Is that with the CRISPR tech-
nology? Mr. Esvelt.

Mr. ESVELT. I should probably defer to Dr. Ebright on that.

Senator JOHNSON. Dr. Ebright, how long have we even had this
capability?

Mr. EBRIGHT. The discussions have been underway since 2002
and 2003. The first examples involved reconstruction of previously
eradicated or extinct pathogens. Those presented a prototype for
understanding experiments that would create new health threats
and the need to address them. Again, we are talking a two-decade-
long discussion.

Senator JOHNSON. The technology emerged or they started dis-
cussing it and then developed the technology—which came first?

Mr. EBRIGHT. The discussions occurred as the technology
emerged. It became possible to do this effectively, starting at the
beginning of the millennium. The technologies have increased in
sophistication and have increased in ease and decreased in cost
over time.
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Senator JOHNSON. Talk about the ease and the cost because I
have heard it is very accessible now and it is very cheap, and a
knowledgeable individual can basically do this in their garage.

Mr. EBRIGHT. That is an exaggeration. But as Dr. Esvelt has
pointed out, given the genome sequence of a virus it is typically
possible to reconstruct infectious particles of the virus and to do so
for costs well under $10,000 in one-person month or two-person
months. For an equipped laboratory, the kind of laboratory that
would be present in any State program, and that is present in
many research laboratories at academic institutions, this is emi-
nently possible.

Senator JOHNSON. Reconstructing a virus is one thing, but my
understanding of what, at least, the theory might be with severe
acute respiratory syndrome coronavirus (SARS-CoV-2) is there is
gene splicing that occurred here and some very unusual markers
in this furin cleavage site and it would be beyond my comprehen-
sion exactly what that means. But talk to me a little bit about the
whole gene-splicing aspect of this.

Mr. ESVELT. There are two ways to edit a virus. Nowadays the
easiest way is usually to assemble it from scratch using synthetic
DNA. But if it large then in some cases it is better to create the
altered piece that you wish to insert into the virus and then use
a tool such as CRISPR to do the insertion into the backbone.

With respect to the cost, the first virus with a chemically syn-
thesized genome from synthetic DNA was made in 2002. Since
then, the cost of gene synthesis has fallen by roughly 1,000-fold.
Today the cost of ordering the components of an infectious influ-
enza virus, for example, the synthetic DNA costs less than $1,000,
and that does not require any further editing. That requires fol-
lowing the reverse genetics protocol, transfecting it into the cells to
get the infectious virus.

I estimate that there are around 30,000 people who can do that,
who have doctorates, and you can say 125 virology Ph.D.s per year
are in the United States. That is roughly one-third in the world.
There are probably four times as many people who have degrees
in other disciplines, such as mine, who can do it. Assume a 20-year
career, and that is 30,000 people, add a few technicians.

Senator JOHNSON. Was there a specific incidence or something
that concerned people that caused the Pause?

Dr. QUAY. Yes. There were experiments in influenza in the Neth-
erlands and Wisconsin that took a virus that was 90 percent lethal
but not airborne and created it and made it airborne through pas-
sage in the laboratory.

Senator JOHNSON. That occurred when?

Dr. Quay. In 2013, 2012.

Senator JOHNSON. That caught the attention of who? I mean,
who was alarmed by that and instituted the Pause? I know it had
to have occurred under President Obama, but which member of our
health agencies?

Dr. QuAy. I think Dr. Ebright would be the best to answer that.

Senator JOHNSON. Dr. Ebright.

Mr. EBRIGHT. The proximal impetus for the Pause was a series
of events, laboratory accidents at Federal laboratories that have ac-
cess to and storage of potential pandemic pathogens. The accidents
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included an anthrax incident at the CDC, another anthrax incident
at a U.S. Army facility at Dugway in Utah, and the finding of unse-
cured vials labeled “smallpox virus” in an FDA NIH freezer in
Maryland. Those three incidents, occurring in close succession, re-
sulted in a hearing in the House Energy and Commerce Committee
and then action by the Office of Science, Technology, and Policy.
The Pause was driven, ultimately, from the White House, from the
Obama Office of Science, Technology, and Policy.

Senator JOHNSON. Listening to your testimony I am assuming all
three of you would agree with this statement that this research—
and I would say even the mining of dangerous potential pathogens,
crawl in a bat cave and try and pull these things out and bring
them to a lab—there is surely no benefit that overrides the risk.
We should not be doing this at all.

Dr. QuAY. Yes. I call it gain-of-function and gain-of-opportunity,
where you bring a virus back. As I said, my analysis is that it has
not contributed to the response to this pandemic.

Senator JOHNSON. We should not do it. I mean, we can talk
about controls but the bottom line, we should not have controls so
we should not even do it. Is that your position as well?

Mr. ESVELT. For balancing the potential benefits of prevention
against the risk of accidents it can go either way, depending on the
numbers you use for those. You can reasonably come out with ei-
ther answer. When you add the misuse case, that is what abso-
lutely blows it out of the water.

Senator JOHNSON. Dr. Ebright.

Mr. EBRIGHT. I believe a strong case can be made, or a case can
be made that certain components of gain-of-function research of
concern, particularly components involving pathogens that are cur-
rently in human populations, are categorically separate and more
justifiable than other components of gain-of-function research of
concern.

For example, currently SARS-CoV-2, the virus responsible for
COVID, is present in millions of humans and is generating variant
after variant. Gain-of-function research of concern on SARS-CoV-
2 involving the creation of new variants and analysis of the threat
posed by them arguably can be justified because this is not creating
new health threats that will not arise without intervention but is
addressing a health threat that is in place currently.

For that reason and for reasons like that, I believe enhancing the
oversight of the research is more a more effective and more pru-
dent strategy than simply banning it.

Senator JOHNSON. I would say improved oversight but would you
also agree dramatically limit it?

Mr. EBRIGHT. Absolutely.

Senator JOHNSON. OK. Thank you, Mr. Chairman.

Senator PAUL. Senator Marshall.

OPENING STATEMENT OF SENATOR MARSHALL

Senator MARSHALL. Thank you, Mr. Chairman, and I hope Amer-
ica is listening today. To our witnesses let me say welcome, and I
regret that none of you were able to get into the Kansas State Uni-
versity biochemistry program, but I certainly appreciate your cre-
dentials that are all here today.
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I think it is important to not only identify the true problem but
also talk about where we have been, and you all can help us fill
in sorﬁle of the pieces here when we talk about gain-of-function re-
search.

It was late in 2011, when the National Science Advisory Board
on Biosecurity (NSABB), which is the NIH’s advisory board,
stopped two scientists from publishing an influenza gain-of-func-
tion study that I believe Dr. Ebright was referring to. They stopped
it because they were afraid it could afraid bioterrorists. This is
2011. Over a decade ago, scientists had figured out how to make
H5N1, which is highly pathogenic avian influenza, more con-
tagious.

In 2012, those 2 scientists and 39 others implemented a vol-
untary gain-of-function research pause on influenza experiments.
In early 2012, Dr. Fauci encouraged all influenza scientists to
pause gain-of-function, and said, and I am quoting Dr. Fauci, 2012,
“It is essential we respect the concern of the public, domestically
or globally, and not ask them to take the word of the influenza sci-
entists.” It is interesting to me that Dr. Fauci was focused on the
messaging but he still wanted to continue the gain-of-function re-
search.

Again, in 2012, Dr. Fauci also said, almost prophetically, that he
worried about unregulated laboratories, perhaps outside the United
States, doing work sloppily and leading to an inadvertent pan-
demic. He went on to say the accidental release is what the world
is really worried about.

I go forward to 2014 now, after biosecurity accidents in United
States research labs, which our witnesses have talked about, the
Obama White House implemented the second gain-of-function mor-
atorium on influenza plus MERS and SARS because of the poten-
tial risk of lab accidents and inherent gain-of-function danger. But
gain-of-function still continued at the University of North Carolina,
research later that we shared with Dr. Shi, the Bat Lady.

Nevertheless, clearly the U.S. Government and Dr. Fauci knew
that the viral gain-of-function research was very concerning. Al-
most counterintuitively, while Dr. Fauci encouraged United States
scientists to pause their GOF studies, Dr. Fauci offshored the
paused research to China, not once but twice. In 2012, Dr. Fauci
gave a new grant to Peter Daszak’s EcoHealth Alliance for influ-
enza research in China, and then again in 2014, Dr. Fauci gave an-
other grant to Daszak for SARS research in China. Daszak
partnered with who? The Wuhan Institute of Virology.

In late 2017, NIH announced a lift on the gain-of-function mora-
torium, what became known as the P3CO Framework, that we re-
ferred to, apparently without consultation from a Senate-confirmed
State Department head or national security leadership. Also sig-
nificant, there was no Office of Science and Technology Policy
%lOISTP) director in place and only an acting HHS Secretary at the

elm.

What was the result of this? NIH essentially lifts the moratorium
on their own by slipping it in-between administrations and self-po-
licing. Today we cannot see the research record for Dr. Fauci’s off-
shore projects because the Chinese Communist Party supposedly
has EcoHealth’s records, and NIH resists sharing theirs.
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I will get to my question now. Dr. Ebright, could EcoHealth re-
search in China have led to the COVID-19 pandemic and Dr.
Fauci’s worst fears that a lab accident in a foreign lab became re-
ality?

Mr. EBRIGHT. Yes. Lapses in U.S. oversight of gain-of-function re-
search of concern may have caused the current pandemic, and
could cause future pandemics. The U.S. Government funded high-
risk gain-of-function research and high-risk enhanced potential
pandemic pathogens research at the Wuhan Institute of Virology in
2016 to 2019. The research overlapped the pause that was in effect
in 2014 to 2017, and met the criteria to be paused, but was not
paused.

The research also overlapped the subsequent policy, the P3CO
Framework, that has been in effect from 2018 to the present, and
met the criteria for Federal risk benefit review under the P3CO
Framework, but did not undergo Federal risk benefit review under
the P3CO Framework.

Senator MARSHALL. Thank you so much. I have to stop and point
out, too, that USAID, who is knee-deep in this type of research, is
part of the State Department, where they can get the security ad-
vice that they should have asked for before they cleared this with
P3CO.

Certainly I believe that this virus came from Wuhan, China, and
that it is a product of gain-of-function research. This is a bipartisan
national security issue, like several of our witnesses have testified,
that this viral gain-of-function could become, and has become a
weapon of mass destruction, that this model—this is a 3—-D model
of what the COVID virus looks like, and this is the gain-of-func-
tion. This is the protein spike, the two units that allows this key
to fit into the door perfectly and the cleavage site and all that. This
became a nuclear hand grenade, is what happened.

Dr. Quay then Dr. Esvelt, considering the extreme risk of this re-
search and the incredulous obstruction by the NIH, USAID,
EcoHealth, and China, should Congress immediately pause this
dangerous research?

Dr. Quay. I think that is an appropriate step for Congress to
take.

Senator MARSHALL. OK. Dr. Esvelt.

Mr. ESVELT. I think it would be somewhat dangerous to attempt
to pause gain-of-function research when it is evident that that term
is so malleable as to be evaded at will, and also could plausibly do
damage by applying to science that is not specifically directed at
potential pandemic pathogens.

Senator MARSHALL. Are there any countries that you would say
we should not be doing this type of research with?

Mr. EsSVvELT. When it comes to identifying pandemic-capable vi-
ruses that could kill millions of people and will necessarily be
shared with scientists worldwide who will be able to access them,
I do not think that we should be doing it. I do not think that China
should be doing it. I do not think that anyone should be doing it,
because it is expected to kill 100 times as many people as it might
save, even if we could perfectly prevent an identified natural virus
from spilling over.
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Senator MARSHALL. Thank you, Mr. Chairman. I have some more
questions if we have time for later, but I yield the floor back.
Thank you.

Senator PAUL. Senator Hawley.

OPENING STATEMENT OF SENATOR HAWLEY

Senator HAWLEY. Thank you, Mr. Chairman. Thanks to the wit-
nesses for being here.

Dr. Quay, if I could start with you. You said in your written tes-
timony that the genome of COVID has some of the hallmarks of
gain-of-function research, and in particular three genomic regions
you say have the signature of synthetic biology. One region has fea-
tures of the two types of forbidden gain-of-function research that
are associated with bioweapons development. You said in your
opening remarks that you believe COVID-19 was the product of
gain-of-function research and was from a lab leak from the Wuhan
Institute of Virology.

My question, I guess, is, do you think China engaged in a cover-
up to prevent the world from knowing the true origins of this virus
and a lab leak?

Dr. QuAY. I think there is abundant evidence that they have not
shared all the information they had at the time. They continue to
not share information. I could give you a laundry list of 20 things
that they have done, starting with a website with 21,000 viruses.
On September 12th at 2 a.m., someone was in the Wuhan Institute
of Virology. That had been available to virologists for a decade. It
was taken offline. It has not been returned. We have asked to see
it, and no one, that I know of, has ever seen it. It goes on from
there.

Senator HAWLEY. Are you concerned with the continuation and
expansion of Chinese gain-of-function research?

Dr. QUAY. I think I testified here that in December 2019, they
were doing synthetic biology on a cloning vector of the Nipah virus,
which is 60 percent lethal. We just experienced a 1 percent lethal
virus. My estimates would be that that could set us back a millen-
nium. The black plague was a 20 percent lethal event and it was
250 years for civilization to return.

Senator HAWLEY. Let me ask you this. How safe were the testing
conditions at Wuhan, to your knowledge?

Dr. QuAy. I think that a lot of the Western virologists actually
use the findings of that as a way to get around saying it was OK
at the beginning. All of the work that I have described is being
done at what is called BSL-2, 3 level, which is commonly spoken
of as a dentist’s laboratory level of biosafety. Maybe a little higher
than that, but that is not a bad euphemism.

Senator HAWLEY. You said, I think, in your testimony, that this
is the most dangerous research that you have ever encountered.
What makes this particular research so dangerous?

Dr. QuAy. If you doing experiments with a pathogen that is 60
percent lethal but is not airborne, and you make it airborne in the
laboratory and someone walks out with it—Nipah has a 21-day in-
cubation period. It is perfect for wide spread without being de-
tected. We cannot afford 10 percent lethality.
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Senator HAWLEY. Yes. Dr. Ebright, let me ask you about the
merits of gain-of-function research because I was struck by some-
thing you said in your written testimony. You said gain-of-function
research has no civilian practical applications. From a research
perspective, then, why do it? I mean, what is the value, the real
value of gain-of-function research?

Mr. EBRIGHT. Not a matter of value but incentives, particularly
incentives within the academic research ecosystem. Gain-of-func-
tion research of concern is fast and easy, much faster and much
easier than vaccine or drug development. Gain-of-function research
is publishable and gain-of-function research is fundable. With those
four incentives in place—fast, easy, fundable, and publishable—the
research will be performed. Eliminate any one of those incentives
and it will not be.

Senator HAWLEY. Thinking about China for a second, what is
China’s interest in gain-of-function research?

Mr. EBRIGHT. They have witnessed the United States leading the
way with gain-of-function research. Most gain-of-function research
of concern performed to date has been performed either in the
United States, with U.S. funding, or overseas with U.S. funding.
China has wished to be part of that and has participated in gain-
of-function research of concern in China with U.S. funding and has
also supported gain-of-function research of concern in China en-
tirely through Chinese programs.

Senator HAWLEY. Let me ask you this. Gain-of-function research
and bioweapons, what is the connection there? I mean, what role
does gain-of-function research play?

Mr. EBRIGHT. As I mentioned, there are no civilian practical ap-
plications. There are immense bioweapons practical applications.
As you have heard from Dr. Esvelt, the potential pandemic patho-
gens that can emerge from such studies are potential weapons of
mass destruction—inexpensive, accessible, easily distributed weap-
ons of mass destruction.

Senator HAWLEY. Let me ask you about some of the things that
you have commented on with regard to what NIH and Dr. Fauci
have said, and frankly, the lies they have been caught in regarding
the coronavirus. I want to highlight two of them.

In response to a congressional inquiry from October 2021, just
last year, the NIH attempted to walk back assertions by NIH Di-
rector Collins and Fauci that NIH had not funded gain-of-function
research in Wuhan. You commented at the time, saying, and I am
going to quote you now, “NIH, specifically Collins, Fauci, and
Daszak lied to Congress, lied to the press, and lied to the public,
knowingly, willfully, brazenly. On May 11th, Dr. Fauci said the
NIH and National Institute of Allergy and Infectious Disease
(NTAID) categorically has not funded gain-of-function research to
be conducted in the Wuhan Institute of Virology.” You commented
on that, saying the documents make it clear that assertions by the
NIH Director, Francis Collins, and Fauci, that the NIH did not
support gain-of-function research are untruthful.

Expand on that if you would. What are the implications of Dr.
Fauci’s continued blatant dishonesty regarding NIH’s funding of
gain-of-function research in Wuhan?



21

Mr. EBRIGHT. I stand by my statement. The statements made on
repeated occasions to the public, to the press, and to policymakers
by the NAIAD Director, Dr. Fauci, have been untruthful. I do not
understand why those statements are being made because they are
demonstrably false.

Senator HAWLEY. In my few remaining seconds here, let me ask
you about an effort to shut down any kind of questioning of the ori-
gins of COVID. On February 19, 2020, a group of virologists and
others published that famous letter, infamous letter, in The Lancet,
which said, among other things, “We stand together to strongly
condemn conspiracy theories suggesting COVID-19 does not have
a natural origin.”

Of course, we later found out that The Lancet letter had been or-
ganized by Peter Daszak, president of EcoHealth Alliance, who we
have discussed today operated a lab in Wuhan, with a $600,000, 5-
year annual grant of taxpayer dollars from Fauci’s NAIAD to study
bat coronaviruses.

That letter conveniently concluded by stating, “We declare no
competing interests.” Many people designate this letter as the first
effort to quash any kind of debate about the origins of COVID-19.
Do you think that labeling the lab leak theory as a conspiracy the-
ory so early on have the effect of slowing down investigations into
the origins of the virus?

Mr. EBRIGHT. It certainly had that effect, but The Lancet letter
that you described was only one of two efforts to impose the false
narrative that science shows SARS-CoV-2 entered humans
through natural spillover, and that that is the consensus view of
scientists. One of the efforts was The Lancet letter you discussed.
The other effort was coordinated and orchestrated through the Na-
tional Institutes of Health, through the NAIAD Director, Dr. Fauci,
and the NIH Director, Dr. Collins, and resulted in the publication
of an opinion article entitled “Proximal Origins of SARS-CoV-2,”
making the case, again, that SARS-CoV-2 could not have been a
product of a research-related spillover.”

Senator HAWLEY. Thank you very much. Thank you, Mr. Chair-
man.

Senator PAUL. Thank you. Had there not been a pandemic I
think there would still be a need for this hearing. This discussion,
Dr. Ebright got this started back as early as 2003, 2004. Others
have commented on the danger of being able to manipulate influ-
enza viruses to be used as either weapons or by accidental release.

But I think given that there was this pandemic, that a million
Americans died, I lost friends, good friends, to the pandemic—I
think we should be curious. I am perplexed by the lack of curiosity
to know are there any precautions we can take, is there any kind
of government oversight that we could do to try to prevent this
from happening.

Now some will say, we cannot prove it came from a lab. That is,
in all possibility, true, that we cannot prove it. But there are argu-
ments to be made and examination of facts to give us an idea of
whether it might have come from a lab. Even if we did not, I think
that this could have come from a person in a lab handling a virus,
if it was a virus out of nature, and we have discussed that as well.
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I do think that we have to get to the truth of the matter of
whether or not dangerous research was going on that should have
been reviewable. We had a pause of gain-of-function research, but
then we had research occurring during the pause that should have
gone to this committee, this P3CO committee, and did not get to
the committee.

I think Dr. Ebright described it well. He says that in Wuhan, in
the 2016 to 2018 period, they were constructing novel chimeric
SARS-related coronaviruses that combined the spike gene of bat
SARS coronavirus with the rest of the genetic information of a
SARS1-related virus, one that was already known to have lethality,
and they found that it could efficiently infect human airway cells
and exhibited up to a 10,000-fold increase in viral growth.

But when we have asked before, is this gain-of-function, we get
sort of arguments and protestations that this is not gain-of-function
as if this is no big deal and the experts looked at this. As we look
farther into this we find that the experts never looked at this, that
it is sort of a select-in kind of program to this committee. It does
not go looking for dangerous research. It looks at it if you come to
them and say, “Hey, I think I have gain-of-function research. Do
you all want to look at my research?” And so there is this opting-
in aspect to this.

But I think it is important that we get to the truth. Was there
research going on in Wuhan that was dangerous? Was it funded by
the NIH, and should it have gone through this committee process?

By the definition that they have given us, gain-of-function—I
think I agree with Dr. Esvelt—can be better defined, and particu-
larly if we are going to have oversight on this we are going to have
to figure out what our oversight is going to be. By all means mov-
ing forward we need to ask and include the scientists to get a pre-
cise definition of what we are talking about if we want to have
more oversight.

We have to look back before we look forward, not so much to as-
sign blame but to figure out is it really necessary. Do we need to
have hearings on this? Should we have follow-up hearings? Should
we have legislation? If a million people died and there is a chance
this came from a lab, I think without question we should. Both
sides of the aisle should be looking at this.

My question, and I think it is pretty clear but I would like to go
through everybody, even though Dr. Ebright has said this was
gain-of-function, to each of the three witnesses, was the research,
where you take the backbone of a SARS1 virus that has known
lethality, and you mix it together with an unknown bat virus, S
protein genes to create a new virus, was this gain-of-function ac-
cording to the NTH definition and should it have been reviewed and
discussed by this committee that was supposed to prevent dan-
gerous research from going on?

We will start with Dr. Ebright.

Mr. EBRIGHT. As you mentioned, the Wuhan Institute of Virology
constructed novel chimeric SARS-related coronaviruses that com-
bined the spike gene of one coronavirus with the genetic informa-
tion of another. They showed that the resulting viruses efficiently
infected human airway cells and efficiently replicated in human
airway cells, and they showed that the resulting viruses exhibited
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up to 10,000-fold enhancement of viral growth in lungs and up to
4-fold enhancement of lethality in mice engineered to display
human receptors on airway cells.

Based on those facts, and they are, indeed facts, the research
was gain-of-function research of concern subject to the Pause, and
was enhanced potential pandemic pathogen research subject to the
P3CO Framework. Nevertheless, due to the failure of the NIH to
forward the proposals for review, the work was not paused and
there was no P3CO review.

Senator PAUL. Dr. Quay.

Dr. Quay. The Wuhan Institute of Virology is unique in the en-
tire world. Before 2019, 65 percent of all publications on
coronaviruses came from that single institution. They are unique
for two reasons. For almost a decade, they were going into bat
caves throughout China and actually into Africa as well, 20 visits
a year, and bringing these samples back to the laboratory.

On the one hand they had the largest collection of raw material
backbones from nature to then do gain-of-function research on.
They trained in Galveston, Texas, and in North Carolina, and were
doing experiments, published experiments between 2015 and 2019.

I believe it is the confluence of those two activities, gain-of oppor-
tunity, bringing things back from bat caves, and gain-of-function
research, that led to the pandemic.

Senator PAUL. Dr. Esvelt.

Mr. ESVELT. On the list of experiments you would need to per-
form in order to learn whether a novel virus could potentially cause
a pandemic you would need to test growth in human primary cells,
such as human airway epithelial cells, and you would need to test
transmission in a suitable animal model.

The question is, if they were not intending to determine whether
a novel recombinant event between these coronaviruses could lead
to something that might kill millions of people then why were they
doing it? If there was no chance that it would come up with a re-
sult that looked like it was more dangerous, what is the point?
What is the scientific hypothesis?

Again, whatever you call it, what they were trying to do was
identify a biological agent that has a good chance of being able to
kill millions of people if released. They shared the description of
what they did and they shared the genome sequence, because they
thought that this would make us safer, because they think that
knowing which viruses in nature might cause pandemics makes us
safer.

They did not consider the security risks, and it is worth noting
that both USAID and NIH funded those particular coronavirus
chimeric studies. USAID, to my understanding, has since dis-
avowed those chimeric recombination studies and announced that
they will only focus on finding natural pandemic-capable viruses,
which is at least a step in the right direction. But again, I would
call that gain-of-function. Another reasonable scientist would say,
no, that is not gain-of-function, because the term is so ill-defined.

Senator PAUL. Even beyond the term, though, would it be quali-
fied as dangerous research that actually should have gone before
this committee, the P3CO committee, and been reviewed?
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Mr. EsSVELT. Here is where you come back to the problem of
thinking this is a health and safety issue rather than a national
security issue. The question is why are we trying to identify readily
accessible agents that could plausibly be used to kill millions, and
will, as soon as identified, fall into the hands of all of our adver-
saries as well as, perhaps, individual terrorists who would want to
use them?

The fundamental principle behind even wanting to do these ex-
periments in the first place is, I think, a fundamental threat to not
just national security but international security. It is hard to see
why you would ever want to do this, when you think about the mis-
use potential. I have not seen anyone else publish a numerical
model of that.

Senator PAUL. People have said, well, the closest relative that we
have found is only 96 percent identical to COVID-19. This could
not have come from the lab. They have also mistakenly accused
those who say it came from the lab saying, oh, it came from this
particular variant. I think what people who are saying that this
could have come from a lab are saying is that there could also be
possibly other viruses that are closer that were manipulated or
that the one that is 96 percent analogous to COVID-19 could have
gone through serial cell culture and become COVID-19.

I would like to ask the three of you whether or not the variant
that is 96 percent analogous to COVID-19, could it, through serial
passage, be transformed to COVID-19? Is it possible? Is it so far
away that you cannot do it experimentally? Could you do it
through gene splicing? Could it be done? Or is it something that
argues that this could not have come from the lab?

We will start with Dr. Ebright.

Mr. EBRIGHT. The closest relatives are more on the order of 97
percent identical to SARS-CoV-2 genome than 96 percent. Viruses
with that level of genetic difference cannot rapidly, in the time
scale of weeks or months, move from their State into being a proxi-
mal progenitor of SARS—-CoV-2. However, in the laboratory those
viruses can be combined, at will.

They can be combined, in particular, using a method that would
be described as constructing a consensus genome virus. In a con-
structed consensus genome virus, one takes the sequences of sev-
eral related viruses, identifies the most commonly observed nucleo-
tides at each position in these sequences, and then synthesizes the
nucleic acid corresponding to the average, if you will, the consensus
genome for the group of viruses.

This has been done successfully in coronaviruses. This has been
done and published a decade ago in coronaviruses. That kind of re-
search could have been done using viruses that are on the order
of 96 to 97 percent identical in their genome sequences to SARS—
CoV-2 and with two or three or more such virus genome se-
quences, one could develop a consensus.

That is just 1 of a series of potential routes by which one of the
known viruses with 96 to 97 percent identity could, through a lab-
oratory, in a relatively short time, be transformed into a progenitor
of SARS-CoV-2.

Senator PAUL. Dr. Quay.
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Dr. QUAY. The three sets of viruses that are closest to SARS2 are
one from southern China, RTG-13, and a series of BANAL from
northern Laos. As indicated there are probably 1,200 letters dif-
ferent in the whole 30,000-letter alphabet. In nature, that takes ap-
proximately 40 years, so the most common ancestor is about 40
years ago. But most of that can be done in a couple days in a lab-
oratory.

However, I do not believe we currently have the starting mate-
rial, the backbone on which SARS2 was found. I think it is one of
the other 21,000 viruses in the database that was taken down at
2 a.m., September 12, 2019.

Senator PAUL. A great deal of information was destroyed by the
Chinese.

Dr. QuAy. It was taken offline and not available. I do not know
if it was destroyed.

Senator PAUL. Dr. Esvelt.

Dr. Esvert. If a Ph.D. student proposed to take a 30,000-base-
paired viral genome and attempt to passage it in the laboratory to
acquire 1,000 or so mutations, I would say that is not a Ph.D.
project. Go do something else. I concur with Dr. Ebright that the
only way that you could get something so divergent would be to
computationally design it and synthesize it, which could certainly
have been done, from what dataset, and again, why? Why would
you do such a thing unless you want to know what the ancestral
virus was like and whether the ancestral virus was dangerous.
There are basic science reasons why you might want to know
where they all came from, but at the end of the day the reason why
this research is of interest to us is the risk of pandemics.

Again, why would you run the tests to determine whether some-
thing was pandemic capable? They certainly ran those on all of the
other coronaviruses that they found and thought might be dan-
gerous. On the other hand, they never published anything like
that, right, and presumably they would have. They published their
data on the other stuff.

This is why I do not think we have enough information to know,
but it was definitely not passaged in a lab from something that was
maybe 7 percent——

Senator PAUL. I agree, and one of the things that tips us off that
they may have been trying was in 2018, they asked for money from
Defense Advanced Research Projects Agency (DARPA), and in that
money they wanted to insert the furin cleavage site, which makes
it highly infectious in humans. If they had the idea of that and
they are asking for money, they must have thought, wow, we can
do this and this is going to be a great experiment. Even our govern-
ment, finally, at that point, decided not to fund that.

But what they are asking for, and this is why I think there was
a “holy cow” moment when all of a sudden these scientists see the
sequence of COVID-19, they say, “Oh, my goodness. Didn’t they
ask us, in 2018, to put that furin cleavage site in?” Lo and behold,
it is there.

What I am going to ask, and I am going to finish with this and
then we will have another round if some people would like to ask
some other questions, is, Dr. Quay, could you sort of lay out, in as
simple a fashion as possible, two or three items about the virus
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that makes you think it came from—and I do not think anybody
knows, with 100 percent, whether this came from a lab or whether
it came from animals, but if there is some compelling evidence that
suggests it could have come from the lab. Even if it was a 10 per-
cent chance it came from a lab it is another reason for us to be con-
cerned about having oversight on this kind of research.

Can you give me two or three things that this virus has that
makes you think it is from a lab versus some of the evidence for
MERS and SARS that it came from animals?

Dr. QUAY. Yes. There are three regions—the receptor binding do-
main, the furin cleavage site, and this protein 8 from a gene called
ORF8. With respect to the receptor binding domain, if you look at
what happened with SARS1, we have the virus sequenced when it
first was in civet cats in the markets. It jumped into a few humans.
We have the virus sequenced then. It started infecting more. Then
we have the virus sequenced when human-to-human passage could
occur and an epidemic occurred. You can see the progression of
mutations as the virus adapted from being in civet cats and then
being in humans. The first jump into humans it had only 15 per-
cent of the mutations it needed to support an epidemic.

OK. Let us look to SARS-CoV-2. When you look at the virus
that first entered the human population, out of all of the changes
in the receptor binding domain there are 200 amino acids, 4,000
possible changes. There were only 17 mutations that could make it
a better virus. Its receptor binding optimization was 99.5 percent,
and, in fact, one of the 17 ended up being the Delta variant. That
kind of optimization, juxtaposed by the fact that there were no pa-
tients in Wuhan, 36,000 blood-backed specimens tested for anti-
bodies, not a single patient was infected.

Let us go back to SARS1. Twenty percent of all people in the
markets were infected while the virus was practicing to set up an
epidemic, 1 percent of the general population. We would have ex-
pected 360 in the general population in Wuhan, and we had zero.

Furin cleavage site has obviously never occurred in this related
virus, the sarbecoviruses, that split from their cousins, the MERS
viruses, around the time of William crossing the Channel, 1060.
That was when sarbecoviruses came. There has never been a furin
cleavage site, and the genetic sequence of it uses a code that has
never been used, the CGG-CGG dimers, it is called, which has
never been used before.

Finally, ORFS8, this protein that goes into the bloodstream and
suppresses interferon response so you are asymptomatic, and sup-
presses major histocompatibility complex (MHC) antigen presen-
tation, so you cannot make good antibodies. This was the subject
of two master’s theses at the Wuhan Institute of Virology. I have
found no Western scientists that worked on this location in the ge-
nome before 2019. The protein is not present in MERS. It has a
5 percent homology in SARS1. Between SARS1 and SARS2 there
is a protein there but it is only 5 percent homologous.

But this master’s thesis, the first one optimized its function in
suppressing interferon, symptoms of fever and chills, and sup-
pressed its antigen presentation. The second one was making syn-
thetic biology tools so you could move it around inside genomes.
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Senator PAUL. To reiterate, there have been no animals found
that have COVID-19. When they did find that animals had the
first SARS and MERS, they found it out within months. When they
tested the animals in question, 90 percent of the animals had the
SARS virus. We have not found any animals yet with COVID-19.
Most viruses that come from animals first are not very infectious
at first and they infect a few humans. You do not have a pandemic
that does this. It smolders and then does this. During the smol-
dering phase you find background antibodies that people have had
it, even if they do not know they had it.

When they tested the background of people who were working
with the animals that had COVID they found 20 percent of them
hand antibodies to having had SARS.

Dr. QuAay. SARSI, yes. Correct.

Senator PAUL. But then if we test the people in the marketplace
we are not finding that. If we look at the people in the Wuhan mar-
ketplace we are not finding significant numbers that were positive,
%nd ﬁlﬁding almost nobody positive from the previous year that had

een ill.

Dr. QuAy. No. It is zero out of 36,000.

Senator PAUL. Thank you.

Why do we not do a second round, and we will go in the same
order. Senator Johnson.

Senator JOHNSON. Dr. Quay, how did we find out about the
Nipah virus?

Dr. QuAy. In December 2019, five patients at a Wuhan hospital
had their specimens sent—a bronchial lavage, where they stick into
the throat and get a specimen—to the Wuhan Institute of Virology
for sequencing. The process is to amplify it with a polymerase
chain reaction (PCR) process. You make a lot of copies of what is
in the specimen and you usually, inadvertently, make copies of
what is going on in the laboratory.

The Wuhan Institute of Virology probably regrets, but they put
a 55 million-letter database of the background information up in
the gene bank, which is the NIH’s database there, of everything
going on. We found 20 strange things in these patient specimens—
honeysuckle genes, horse viruses. Nineteen of the things we found
were in publications from the laboratory over the previous 2 years.
Tﬁlis clearly was a signal of what was going on in the lab around
there.

The one thing they did not publish on was the cloning vectors of
the Nipah virus. It is in the patient specimens because it was in
the laboratory at the time, not in the patients, and they have never
published on that at this point in time.

Senator JOHNSON. How do we know it is 60 percent lethal?

Dr. QuAY. The Nipah has had epidemics, sporadic epidemics in
the belt around Africa and India, Bangladesh, and it is between 60
and 80 percent lethal in the pockets where it comes out. It is not
very transmissible like Ebola so it kills 100 or 200 people and then
burns out. But if they made it airborne it would be different.

Senator JOHNSON. OK. This is a virus that occurs in nature but
you detected it in this database.

Dr. QuAy. I detected cloning vectors of it. They are manipulating
it, which is not allowed by biological treaties.
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Senator JOHNSON. That is a pretty scary scenario right there,
that the Wuhan lab that might have been the originator of the
coronavirus is fooling around with something far more deadly.

Dr. QuAY. Yes.

Senator JOHNSON. Obviously mum is the word.

Dr. Ebright, I am a little confused. You talked about, if we were
doing gain-of-function on the current coronavirus that would be
OK. That is not the indication I am getting from Dr. Esvelt here.
The thing that really concerns me is—and I am not saying that you
are saying this is the justification. You are just saying the reality
situation is we have research centers, we have scientists that are
doing this gain-of-function research, I mean very dangerous gain-
of-function research, for two completely unnecessary reasons, be-
cause it is fundable and it is publishable. You have a little greed
involved and you have hubris. Is that what you are saying?

Mr. EBRIGHT. The research is performed because it is fast, easy,
fundable, and publishable. In the academic research ecosystem
those are determinants of what research gets pursued.

Senator JOHNSON. I view that as a very corrupt research eco-
system. If that is what is driving research, and very dangerous re-
search, it is so that you can get a funding grant just to do some-
thing for grins and then he can publish it and get the academic
kudos for it. I am sorry. I just find that sick.

Mr. EBRIGHT. I would not use the term corrupt. I would not see
any real difference between this than the activity of a hedge fund
or the activity of a bank or a broker. The key point is that because
of these incentives, self-regulation from within the community is
insufficient. The scientific research community will follow the in-
centives. It will never effectively self-regulate on these issues.

For this reason, we have regulations with force of law for
vertebrate animals research and for human subjects research. We
need regulations with force of law for gain-of-function research of
concern.

Senator JOHNSON. I think the difference, if it is a bank or hedge
fund, they are doing things for an economic incentive, to produce
something to fund a manufacturing site or fund some kind of busi-
ness. I am not hearing the benefit of this research. I am seeing the
risk. I am seeing the danger. I am not seeing the benefit, other
than what you are saying, for the researcher itself to get money,
to do something that is dangerous, and have the academic kudos
for being published.

I do not know. Maybe you do not like the word “corrupt.” It is
completely useless. It has no benefit to society. It just has risk. It
just has danger.

Dr. Esvelt, do you disagree with that assessment?

Mr. ESVELT. I think that all institutions follow their incentives,
and I think that set of incentives—fast, easy, fundable, and pub-
lishable—insofar as fundable and publishable are ways of curing
heart disease and cancer and forestalling aging, those are all cer-
tainly fundable and publishable, perhaps not as fundable as we
would like. Certainly research into defenses against the next pan-
demic is right now somewhat fundable. I wish it could be more
fundable. It is publishable, right? It depends on
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Senator JOHNSON. What you are talking about fundable and pub-
lishable have a beneficial reason. What I am hearing from the
three of you witnesses, there is just not a benefit to this.

Mr. ESVELT. One clarification. You mentioned on endemic human
viruses like SARS2, why do this. If you want to predict the next
variant that is going to arise anyway, within a couple of months,
one that already exists, then that is why researchers do things like
deep mutational scanning of the spike protein to look and see
which ones of them might have a bit of an edge in terms of main-
taining infection while evading immunity a little bit, and is likely
to maybe be the next variant. That then lets us design the next
vaccine against the variant and guess correctly.

We have to do this with flu every year. Flu vaccines are terrible,
usually, because we often guess wrong. That kind of research can
help improve our guess as to what is correct.

But as soon as you make a change that would not occur in na-
ture, then it becomes dangerous because that is something that a
more pathogenic mutation could be inserted. That becomes a prob-
lem and there is no justification for doing that because nature is
not going to come up with it.

Senator JOHNSON. OK. Thank you, Mr. Chairman.

Senator PAUL. Senator Marshall.

Senator MARSHALL. Thank you, Mr. Chairman, and thank you
again to our witnesses for hanging in there with us.

I want to start by going back to a comment that Dr. Esvelt made,
that USAID paid for gain-of-function research in China. Most peo-
ple do not realize that because USAID will not give us the records,
and we have been trying for over a year to get those records, which
is why we are holding up one of their nominees as well. Thank you
for pointing that out, Dr. Esvelt.

I am going to go to Dr. Ebright next and talk a little bit more
about EcoHealth Alliance, about their record of noncompliance.
They could not provide research records to NIH when NIH re-
quested them. They did not have an adequate agreement with
Wuhan Institute of Virology. They do not use appropriate rate of
pay for researchers. There continues to be noncompliance with fi-
nancial conflicts of interest policies.

Dr. Ebright, based upon EcoHealth Alliance’s record of non-
compliance, should they continue to be eligible to receive Federal
funds?

Mr. EBRIGHT. Their most important aspect of noncompliance was
that they were informed by the NIH, in terms and conditions in the
notice of award for their grant, that in the event they encounter
viral growth in their engineered coronaviruses that exceeded the
growth of the parent coronaviruses by more than a factor of 10,
they must immediately inform NIH and immediately stop the re-
search. They did not do this.

That is not merely a financial violation. That is a serious hazard
violation and a violation that may be connected to the origins of the
current pandemic.

With that being said, it is inexplicable that they were awarded
subsequent Federal awards and that they remain eligible to receive
Federal awards.
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Senator MARSHALL. I need to submit for the record—thank you
for the answer—a couple of articles. The first, I quoted Dr. Fauci.
This is an article from Science, July 2012. A handsome, young Dr.
Fauci. I want to submit that for the record.!

My next two questions I want to submit something from The
Wall Street Journal, a couple of articles as well regarding genome
sequences.2

Senator PAUL. Without objection.

Senator MARSHALL. We will go to Dr. Quay next. You may be fa-
miliar with the genomic sequences in NIH’s database—I think you
spoke about them—that Chinese scientists asked to be removed
and how they were, from early COVID Wuhan patients. Do you be-
lieve there could have been more data in NIH’s database submitted
by Chinese scientists that could hold a key to the COVID-19 ori-
gins?

Dr. QuAy. Yes. This was a really nice piece of work by Jesse
Bloom at the University of Washington, who found not in the NITH
database but on some Amazon web servers the actual sequences of
viruses from very early patients that had been put on GenBank
and then removed before they were published and made available.

The remarkable thing is, again, going to another piece of good re-
search, the virus that first came out, the first Wuhan virus, is
three mutations away from what we now know is probably the first
virus, but that is a computational method. It is kind of complicated.
But anyway, there is a prediction. There are three mutations that
have never been seen in humans before the first virus that we have
in humans. The specimens Jesse found had some of those.

We know that the Chinese have viral sequences that are ances-
tral to what we have, and the more of those we get, the more we
will get to the bottom of this.

I will point out that these sequences were from September and
October 2019, 2 months before any person in the market was sick.
Again, the timing of the market spillover does not coincide with the
genetics of the virus.

Senator MARSHALL. Dr. Esvelt, anything to add to that?

Mr. ESVELT. No, other than Jesse is certainly one of the foremost
experts in this field, and if you want probably some of the best an-
swers that science can give then I would recommend that you re-
quest his input.

Senator MARSHALL. Thank you. My last question. For 20 years,
NIH sponsored EcoHealth’s partnership with scientists from the
Wuhan Institute of Virology. The Chinese scientists have bragged
that their virus sample database is the largest in the world.

They took that database offline in September 2019. NIH asked
EcoHealth for research records. EcoHealth told them that the
records are in the custody of the Chinese government. Is it possible
that the database taken offline by the Chinese government was
data collected by EcoHealth and belongs to American taxpayers?
Dr. Quay.

Dr. QuAy. Since the work has been funded, in part, by U.S. tax-
payers, then by definition access to that would be important. I also

1The document submitted by Senator Marshall appears in the Appendix on page 1443.
2The document submitted by Senator Marshall appears in the Appendix on page 1446.
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think that we do not have to rely on the Wuhan Institute of Virol-
ogy for releasing that. I believe within U.S. jurisdiction there will
be copies of that database. It is too valuable not to have in your
own possession if you are doing research on it.

Senator MARSHALL. Do you think there is any way we can still
get any of that data that is missing? I feel like, somewhere we are
going to find the grandfather of COVID, or the cousin or something
here in these data banks.

Why did they take them down? What is the advantage of them
taking them down? Do you think we can ever find what we are
missing?

Dr. QuAy. It was taken down at 2 a.m. on September 12, 2019,
which is—I guess everyone works hard but that is a little sus-
picious to be doing it at that point in time.

I believe it contains closer precursors, and my hypothesis is it
contains the one that is 50 mutations or 100 mutations, not 1,200
away, and it was too obviously a smoking gun.

But again, if you are collaborating on that and you are spending
10 years building a database inside the Wuhan Institute of Virol-
ogy, you are going to mirror that database in your own facilities,
which means that it has to be at EcoHealth Alliance somewhere.

Senator MARSHALL. Thank you. Dr. Esvelt, anything to add?

Mr. ESVELT. Just note that I agree with Dr. Ebright’s assessment
from earlier, to the extent that China is doing this research, be-
cause it is scientifically sexy and glamorous and is fast, easy, pub-
lishable, et cetera. Chinese scientists have the same incentives as
Western scientists in this regard.

In fact, it is very clear that this research is not in China’s stra-
tegic interest. China has no more interest than we do in handing
out the blueprints to agents that can kill millions of people, includ-
ing their people. This is not in the interest of any established, pow-
erful nation. The question is, can we show leadership and persuade
them of that?

Because as long as we are doing it, we are making it—we are
contributing to the fact that this is seen as glamourous research.
It gets published in our top-tier journals. Many Chinese scientists
get bonuses for publishing in our top-tier journals. We are driving
these incentives because we persist in seeing this, again, as a
health and safety issue rather than a national security issue.

I think it is in our power to change it, and I think this is one
issue where our interests are actually aligned with those of China,
and indeed, every other established nation. These are asymmetric
tools of mass death.

Senator MARSHALL. OK. Dr. Ebright, anything we did not ask
you that we should have?

Mr. EBRIGHT. That I do not know, but I just wanted to agree
completely with the last remark by Dr. Esvelt.

Senator MARSHALL. Thank you, and I yield back.

Senator PAUL. I want to thank everybody for being part of this
hearing. I do not see this as the end. I see this as the beginning
of trying to understand what caused the pandemic and trying to
come up with solutions.

Each of your statements, which is longer than your testimony,
will be available, for anybody who is interested.
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I want to point out one thing from Dr. Ebright’s testimony, for
those who say, well, lab leaks should be discounted. They do not
ever happen.

At one point Dr. Ebright writes, “The second, third, fourth, and
fifth entries of the SARS virus”—this was the first one—“into
human populations occurred as a laboratory accident in Singapore
in 2003, a laboratory accident in Taipei in 2003, and two separate
laboratory accidents in Beijing in 2004.”

For people who say that it is a conspiracy theory that this could
have come from the lab, they are discounting our history. The his-
tory has had these lab leaks. Whether or not we will ever know,
with 100 percent certainty, whether this came from the lab, we
have had lab leaks, and we have to realize the potential danger of
these pathogens.

We did not get a great deal of time into the answer. We got a
little bit into the answer, but each of the scientists we asked today
were asked to let us know how we could better supervise or oversee
this kind of research.

The interesting thing to me is I think they all worked independ-
ently but they came up with basically very similar solutions, an
independent body outside of the funding organizations or those re-
ceiving the funding, to make the recommendations, something akin
to an independent agency like a nuclear regulatory agency.

In fact, I have already been using the analogy when people ask
me and say, “What is this like?” It is essentially we do not let any-
body sell centrifuges to Russia or centrifuges to Iran. There are
rules on the export of things. I think Dr. Esvelt, in particular, has
talked about the security aspect of this.

What I would really like to come of this, and I mean this sin-
cerely, is I would like to have a bipartisan bill that comes forward
for better oversight. Maybe it is not oversight of gain-of-function
but maybe it includes things that some people consider to be gain-
of-function. Maybe it is more general, pandemic viruses. There are
a lot of ways we can discuss it.

But the bottom line is I do not think the people doing the re-
search are able to adequately and objectively regulate themselves,
and I think having a million people die, there should be bipartisan
curiosity in this, that we should be able to move forward.

My hope is that your suggestions, that you have taken the time
to put in writing, you have taken the time out of your busy careers
to come here, that these suggestions will become legislation. If we
can get a bipartisan bill to come forward, what I would like is that
our people who help us write the legislation can communicate with
the three scientists here. We are willing to hear from a dozen more
scielllltists, anybody who wants to. I want scientists to be involved
in this.

But I do think that ultimately the people making the judgment
should not be from one small field of science. Some have said,
“Well, none of the three scientists there are virologists.” I do not
have a problem with virologists being part of this, but I do have
a problem with them all being virologists, the same way I have a
problem with behavioral science being approved for funding by all
behavioral scientists. I think that there need to be people who un-
derstand science on this, but I think there also needs to be people
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on the committee, as Dr. Esvelt as mentioned, that understand bio-
terrorism and biosecurity.

I think it should be a mixture. This is something we can talk to
the scientific community about. I do not think an absolute ban is
what we want. What we want is better oversight of this. But we
cannot have something where three projects have been looked at in
the last 7 years. That means they are not looking.

The fact that they did not look at what went on in Wuhan, and
then some of the folks I asked in committee about this were saying,
“Oh, our scientists looked at it and approved it,” even that is not
really true. They did not look at the research. They just ignored the
ﬁesearch. It did not go before the committee. They have not been

onest.

If we want trust in public health, trust in government, trust in
science, trust in research, trust in the NIH, and trust in the grants
that we give our universities, billions of dollars, we need to have
transparency and honesty. We cannot have a committee where the
people are cloaked in secret. I mean, what is this? This is com-
pletely insane.

I think we have made some progress. I want to move forward,
and I, for one, am open to work with any Democrat in the Senate
to make this a bipartisan bill, and to make it an evenly-keeled
where all the voices are heard, that we do not rashly create any
legislation that would hamper science, but we create something
that would have oversight and might save lives.

I truly think that a million people died in our country, six million
people died, and I think it was from a lab leak. I think it is some-
thing that we need to have precautions against. I think it was acci-
dental, by the way. But I think if we do not do anything, what if
this gets in the hands of somebody who actually really wants to
harm America or the world, or just some psychopath? What could
happen?

Right now we are doing nothing and have changed no behavior.
We have had this pandemic and we have changed not one bit of
behavior. I think it is about time that we do get together, that we
are all curious, and that we do not make this about Republicans
and Democrats but make this about how we, as a people, come to-
gether to try to make this world a better place.

Thank you all for appearing.

[Whereupon, at 4:13 p.m., the Subcommittee was adjourned.]
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I maintain that the techniques that the NIH funded in Wuhan to create enhanced pathogens may
also have been used to create COVID-19. The American people deserve to know how this
pandemic started, and to know if the NIH funded research that may have caused this pandemic.

Gain of function research has the potential to unleash a global pandemic that threatens the lives
of millions, yet this is only the first time the issue has been discussed in a Congressional
committee. I am sure each member of this committee as well as the full Senate can agree that we
need stronger government oversight of how our tax dollars are being used to finance
experimenting with mutating fatal diseases with outstandingly high mortality rates.

Again, I thank each of our distinguished witnesses for being here today, and I thank Senator
Hassan for working with me to convene this hearing.
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however, federal Departments and Agencies who fund, support, or perform research should be
consulted prior to any additional pathogens being added to the scope of the funding pause.

The deliberative process is envisioned to be time-limited, to involve two distinct, but
collaborating, entities, and to be structured to enable robust engagement with the life sciences
community. As a first step, the National Science Advisory Board for Biosecurity (NSABB) will
be asked to conduct the deliberative process described above and to draft a set of resulting
recommendations for gain-of-function research that will be reviewed by the broader life sciences
community. The NSABB will serve as the official federal advisory body for providing advice on
oversight of this area of dual use research, in keeping with federal rules and regulations.

As a second step, coincident with NSABB recommendations, the National Research Council
(NRC) of the National Academies then will be asked to convene a scientific conference focused
on the issues associated with gain-of-function research and will include the review and
discussion of the NSABB draft recommendations. This NRC conference will provide a
mechanism both to engage the life sciences community as well as solicit feedback on optimal
approaches to ensure effective federal oversight of gain-of-function research. The life sciences
community will be encouraged to provide input through both the NRC and NSABB deliberative
processes.

The NSABB, informed by NRC feedback, will deliver recommendations to the Secretary of
Health and Human Services, the Director of the National Institutes of Health, and the heads of all
federal entities that conduct, support, or have an interest in life sciences research (including the
Assistants to the President for Homeland Security and Counterterrorism and for Science and
Technology). The final NSABB recommendations and the outcomes of the NRC conference will
inform the development and adoption of a new U.S. Government policy governing the funding
and conduct of gain-of-function research. Upon adoption of a federal gain-of-function policy, the
U.S. Government will declare the end of the research funding pause.

The life sciences community will be informed of progress at regular intervals. The estimated
time-line is six months for completion of the two deliberative steps (culminating in delivery of
the NSABB recommendations to the HHS Secretary) and three months for the development,
approval, and publication of the policy, with the goal of completing the entire process in less
than one year from declaration of the research funding pause.
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April 8, 2022

The Honorable Nancy Pelosi The Honorable Kevin McCarthy
Speaker Republican Leader

U.S. House of Representatives U.S. House of Representatives
Washington, DC 20515 Washington, DC 20515

The Honorable Chuck Schumer The Honorable Mitch McConnell
Majority Leader Minority Leader

U.S. Senate U.S. Senate

Washington, DC 20510 Washington, DC 20510

Dear Speaker Pelosi, Leader McCarthy, Leader Schumer and Leader McConnell:

The undersigned organizations appreciate Congress’ long-standing bipartisan support for
biomedical research. We also respect that oversight of research with biosafety and national
security ramifications is in the best of interest of science and the nation.

As Congress negotiates far-reaching legislation focused on advancing American competitiveness
through a stronger investment in federal science agencies and programs, we urge Congress to
remove legislative provisions that would restrict, pause, or alter federally funded research
projects that focus on gain of function research of concern or specific pathogens. Such an
approach through legislation is overly proscriptive and interferes with the National Science
Advisory Board for Biosecurity’s (NSABB) evaluation of and forthcoming recommendations on
enhanced potential pandemic pathogen research (EPPP) and dual use research of concern
(DURC).

Established to review and advise the federal government on biosafety and biosecurity in
research, including DURC and more recently, EPPP research, NSABB has the requisite scientific
expertise to address these issues. Its work is essential to formulating the most effective policies
for the future as we move beyond the COVID-19 pandemic and prepare for future seasonal and
pandemic threats. The NSABB convened on February 28, 2022 to discuss a new, expanded
charge and the path forward.

We believe it is appropriate for these polices and frameworks to be re-evaluated considering
lessons learned in the current pandemic and with an eye toward both international
engagement and the appropriate balance between biosecurity and the lifesaving value of this
research. These efforts include the NSABB revision of definitions and consideration of pathogens
classified under DURC and EPPP, and appropriately assessing research benefits with risks.
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We also believe the process’ inclusion of public and stakeholder input is a critical component to
this evaluation because ensuring an appropriate degree of transparency in carrying out the
process is important to building trust with the public and the scientific community.

Through collaboration with NSABB, Congress can strike an appropriate balance between
safeguarding national security and public health through biosafety and biosecurity measures,
while also recognizing the global impact of potential pandemic pathogens, the value and
lifesaving potential of research in this area, and the need to study these microbes to address
current and future threats. Doing otherwise could have serious, negative unintended
consequences for potentially lifesaving research. They would harm the very ecosystem that
developed the novel tests, vaccines, and medical countermeasures that have brought us
through the pandemic.

We encourage Congress to continue exercising its oversight responsibilities and avoid legislative
provisions that would pause or even halt research projects focused on specific viruses, ban
specific techniques, or restrict collaboration in specific areas of the world. We thank you for
your consideration of our views.

Sincerely,

American Institute of Biological Sciences

American Society for Microbiology

American Society for Virology

Association for Professionals in Infection Control and Epidemiology
Association of American Medical Colleges

Biophysical Society

Coalition for the Life Sciences

Duke Health

Duke University

Federation of American Societies for Experimental Biology
Infectious Diseases Society of America

Michigan State University

National Association for Biomedical Research

North American Vascular Biology Organization

Pediatric Infectious Diseases Society

Research!America

University of Louisville

University of Michigan

University of Washington
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Finding 3. Oversight policies vary in scope and applicability, and do not cover all potential GOFROC,

therefore, current oversight is not sufficient for all GOF research of concern.

Finding 4. An adaptive policy approach is a desirable way to ensure that oversight and risk
mitigation measures remain commensurate with the risks associated with the research and that the

benefits of the research are being fully realized.

Finding 5. There are life sciences research studies, including possibly some GOF research of concern,
that should not be conducted because the potential risks associated with the study are not justified
by the potential benefits. Decisions about whether specific GOFROC should be permitted will entail
an assessment of the potential risks and anticipated benefits associated with the individual
experiment in question. The scientific merit of a study is a central consideration during the review
of proposed studies but other considerations, including legal, ethical, public health, and societal

values are also important and need to be taken into account.

Finding 6. Managing risks associated with GOF research of concern, like all life sciences research,
requires both federal and institutional oversight, awareness and compliance, and a commitment by
all stakeholders to safety and security.

Finding 7. Funding and conducting GOF research of concern encompasses many issues that are

international in nature.
NSABB Recommendations to the U.S. government:

Recommendation 1. Research proposals involving GOF research of concern entail significant
potential risks and should receive an additional, multidisciplinary review, prior to determining
whether they are acceptable for funding. If funded, such projects should be subject to ongoing
oversight at the federal and institutional levels.

As part of this recommendation, the NSABB has proposed a conceptual approach for guiding funding
decisions about GOFROC. First, the NSABB identified the attributes of GOFROC, which is research
that could generate a pathogen that is: 1) highly transmissible and likely capable of wide and
uncontrollable spread in human populations; and 2) highly virulent and likely to cause significant
morbidity and/or mortality in humans. Next, the NSABB identified a set of principles that should
guide funding decisions for GOFROC. Only research that is determined to be in line with these
principles should be funded. Additional risk mitigation measures may be required for certain

research studies to be deemed acceptable for funding.

Recommendation 2. An advisory body that is designed for transparency and public engagement
should be utilized as part of the U.S. government’s ongoing evaluation of oversight policies for GOF
research of concern.
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Recommendation 3. The U.S. government should pursue an adaptive policy approach to help
ensure that oversight remains commensurate with the risks associated with the GOF research of

concern.

Recommendation 3.1. The U.S. government should develop a system to collect and analyze
data about laboratory safety incidents, near-misses, and security breaches as well as the
effectiveness of mitigation measures to inform GOF research of concern policy development
over time.

Recommendation 3.2. The U.S. government should develop or facilitate the development of a
system to collect and analyze data about Institutional Review Entity (IRE) challenges, decisions,
and lessons learned to provide feedback to the IRE community and to inform policy
development for GOF research of concern over time.

Recommendation 4. In general, oversight mechanisms for GOF research of concern should be
incorporated into existing policy frameworks when possible.

Recommendation 5. The U.S. government should consider ways to ensure that all GOF research of
concern conducted within the U.S. or by U.S. companies be subject to oversight, regardless of

funding source.

Recommendation 6. The U.S. government should undertake broad efforts to strengthen laboratory
biosafety and biosecurity and, as part of these efforts, seek to raise awareness about the specific

issues associated with GOF research of concern.

Recommendation 7. The U.S. government should engage the international community in a dialogue
about the oversight and responsible conduct of GOF research of concern.
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The NIH Office of Science Policy, which administers the NSABB, managed the overall deliberative
process. NIH oversaw the work of its contractors, Gryphon Scientific and Dr. Michael Selgelid, and
interfaced between the NSABB and contracted entities.

More information regarding the process and NSABB deliberations may be found in Appendices.
Appendix A provides a detailed description of the NSABB’s deliberative approach. Appendix B
summarizes the current U.S. policy landscape for the oversight of pathogen research. Appendix C
describes examples of studies that would or would not be considered GOF research of concern.
Appendix D provides an overview of stakeholder views that were presented and considered by NSABB.
Appendix E lists the experts and sources consulted by NSABB, including those who submitted public
comments. Appendix F and G list the NSABB roster and charter. NSABB’s Framework for Guiding the
Conduct of Risk and Benefit Assessments of Gain-of-Function Research, which was approved by the
Board in May 2015, is provided in Appendix H.

Guiding Principles for NSABB Deliberations

Early in the overall process the NSABB developed the principles below to guide its deliberations and
underpin its analysis of the risk and benefit assessments.

1. The NSABB deliberations should focus on defining the GOF problem then include broad
consideration of possible solutions. A range of approaches and decision-making frameworks will be
considered, and the NSABB will take into account these various approaches when developing its
recommendations.

2. NSABB will consider the potential risks and benefits of a broad range of GOF studies involving
influenza, SARS, and MERS viruses in order to identify those that may raise significant concerns that
should be addressed. However, the NSABB will aim to develop recommendations that are grounded
in broadly-applicable concepts and principles that could, if necessary, apply to GOF studies involving
other pathogens that may require evaluation in the future.

3. Similarly, NSABB will consider the risks and benefits associated with alternative research approaches
to GOF research to understand whether or not these may substitute for or complement GOF
studies.

4. NSABB recommendations will be informed by data and information about potential risks and
benefits as well as values that will guide the evaluation and comparison of these risks and benefits.
Ethical, societal, and legal considerations will also contribute to the development of

recommendations and these inputs should be explicitly identified, discussed, and prioritized.

5. NSABB recognizes that not all analyses relevant to its task are quantitative and that uncertainties
inherent in any quantitative analysis may remain. NSABB will seek to document important areas of
uncertainty in any data or analysis when necessary.

9
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NSABB should publicly debate its draft recommendations and describe in its report any dissenting
views that may vary substantially from the Board’s recommendations.

NSABB should consider current USG policies and guidelines, determine whether they adequately
address risks associated with GOF research (in light of potential benefits), and make
recommendations that are consistent with that determination. Current policies may be adequate or
require only minor changes; alternatively, significant enhancements may be needed. The adequacy
of current policy to cover GOF studies may vary by pathogen. Recognizing the paramount
importance of ensuring safety, security, and public health, policies should also minimize the burdens
placed upon the conduct of science.

NSABB recommendations will inform the development of U.S. government policy, which will apply
to research funded, conducted, or overseen by the U.S. government either domestically or
internationally. NSABB will be mindful in its deliberations of the likelihood that the Board’s
recommendations and U.S. policy decisions will also influence other governments and non-USG
funders of life sciences research.

The NSABB will also consider whether there are certain studies that should not be conducted under
any circumstances, and if so, articulate the critical characteristics of such studies.

Maintaining public trust and confidence in life sciences research is critical and must be taken into
account as recommendations are formulated.

10
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appropriate, established, peer-reviewed methods to the extent available. The parametric approach
employed is powerful and allows consideration of many situations of interest.

The report effectively illustrates that the harmful events being modeled are low probability (see Figures
6.2 and 6.4 in Gryphon’s report). Only a small fraction of laboratory accidents would result in a loss of
containment. Of those, only a small fraction would result in a laboratory acquired infection, and of
those, only a fraction would spread throughout the surrounding community (or to the global
population). The NSABB recognizes the challenge of analyzing low-probability, high-consequence events
for which little data exists and appreciated attempts to make this point clear in the RBA.

The biosecurity risk assessment is primarily qualitative, and highlights analysis of previous malevolent
events and evasions of security systems, likely capabilities and motivations of various possible actors,
and an evaluation of the systems in place to prevent biosecurity breaches. Information was obtained
from a survey of literature and discussions with biosecurity, intelligence, and law enforcement
professionals. It is an extensive gathering of a wide range of information that has not been presented
before in one place.

The information risk assessment (an element of the biosecurity risk assessment) is a qualitative analysis
of risks that may result from the misuse of information derived from certain GOF studies that might be
published in the future. It identifies information that might be attractive to malicious actors and
compares it to other sources of information they might find attractive.

The benefits assessment uses a novel approach to assess potential benefits of GOF studies, a difficult
task with little prior methodology to draw upon. The results are not quantitative, and attempts at
quantification would have been appreciated. However, as is, the assessment may be the best that can
be done with the available information and analytic tools. The benefits assessment thoroughly analyzes
the possible benefits of alternatives to GOF studies and identifies areas where GOF research appears to
provide unique benefits (i.e., benefits that are not attainable without the use of GOF), either currently
or in the near future.

The RBA contains a number of other useful analyses as well, including background and contextual
information on the biology of influenza and coronavirus, historical analysis of naturally-occurring
seasonal and pandemic influenza and coronavirus outbreaks, an examination of the potential
proliferation of GOF research, and analysis of the potential loss of public trust in science that could
result if a laboratory incident involving GOF research were to occur. Significantly, the historical analysis
notes that each year, influenza infects 5 — 10% of the world’s population, resulting in significant
morbidity and mortality (up to 500,000 deaths per year). This description of naturally-occurring
influenza (and coronavirus) infections helps to establish the extant risks associated with these infectious
diseases to which the risks associated with GOF studies might be compared.

Overall, the RBA is comprehensive, objective, reasonable, and generally extensively documented.

12
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Limitations of the Risk and Benefit Assessments

The RBA also has some weaknesses and limitations that should be noted. First, the RBA was limited to
the types of labs traditionally funded by the Federal government, which may not be representative of
other settings where GOF research may be conducted. Every attempt was made to base the analyses in
the RBA on scientific information and data. Nevertheless, data on the properties of the various
pathogens being examined, events such as laboratory accidents or security breaches, or possible future
acts of terrorism, are limited in some cases and unavailable in principle in others. Therefore,
assumptions and estimations were necessary. For this reason, the biosafety risk assessment is not fully
quantitative, primarily because absolute, quantitative baselines for the risk of work with wild-type
pathogens could not be estimated with any certainty. Thus, the data presented are primarily
comparative, and provide relative, rather than absolute, values for the risks associated with laboratory
accidents involving GOF studies.

Gryphon compared the risks associated with potential lab accidents involving a GOF strain with the risks
associated with the same accident involving a wild-type strain. This comparative approach is adequate
for some scenarios but inadequate for others. For example, an increased risk associated with a GOF
study that is relatively large (5-10-fold or greater) may appear significant, but if this increase is in
comparison to a very small risk baseline, the overall risk associated with the GOF study may not be
significant or concerning. Similarly, small increases in risk over a higher risk baseline, in fact, may be
concerning. Additionally, differences in risk that are relatively small (about 2-fold) are difficult to
interpret because such changes may fall within the limits of uncertainty for the analysis. Attempts to
include some absolute baseline estimates of risk (an admittedly difficult task) were included in Section
6.8 of Gryphon’s report. However, the lack of comprehensive estimates of baseline risk make
interpreting the biosafety risks a challenge.

Given the comparative approach undertaken for the biosafety risk assessment, the implications of the
results of this analysis depend a great deal on the wild-type comparator strains that were selected for
the analysis. For instance, for pandemic influenza Gryphon initially selected the 1918 influenza strain as
the comparator. Gryphon regarded this strain as embodying the maximum risk for influenza, yet a level
of risk that is also deemed as acceptable given that research with this strain is permitted. However,
using 1918 influenza as the comparator for the analysis compares GOF risks to a relatively high level of
baseline risk, making the changes in risk associated with GOF manipulations comparatively small.
Utilizing different comparator strains alters the relative risks associated with GOF manipulations. Using
a high-risk baseline strain may obscure significant risks associated with GOF studies whereas using a
strain with a low risk baseline may inflate the potential risks associated with GOF studies.

Little data exists about the probabilities of the accidents that initiate the chain of events that may lead
to a pandemic and therefore, the quantitative probability of these accidents could not be incorporated
into the biosafety risk assessment. The modeling of secondary spread of a pathogen through
populations once it is released from a laboratory allows for some estimation of the consequences of an
event, but without a better understanding of the likelihood that an accident would result in loss of
containment or a laboratory acquired infection it is difficult to make judgments about the overall risk.

13
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Gryphon’s analysis accounts for this by presenting relative, actuarial risk. However, this approach
results in the challenges associated with comparing relative risks described above. There are large
uncertainties in most of the input parameters that are the basis for the biosafety risk calculations.
Uncertainties about inferring absolute risk from these relative risks exist and were kept in mind as the
Board developed its findings and recommendations.

The biosecurity risk assessment attempts to examine how GOF studies add to the risk of malevolent
acts. Portions of the biosecurity risk assessment focus on GOF studies but others describe the type of
threats that could occur against any high-containment laboratory. The semi-quantitative portion of the
biosecurity risk assessment estimates probabilities for escape and secondary spread and escape from
local control for various pathogens and event types. However, this analysis (see section 7.4 and Table
7.7 in Gryphon’s report) assumes that 1, 5, or 10 individuals are initially infected as a result of a
malicious act with no indication of how likely such an event would be, since there is no way to make
such an estimate.

While exhaustively documented, the RBA is not always transparent about data reliability. In particular,
interviews were used to gather much critical information, and this was not always well documented in a
way that reflects how robust the resulting information may be. For peer-reviewed publications, this is
less of a concern.

While evaluation of the benefits of alternatives to GOF studies is extensive, evaluation of risks of
alternative approaches is not as thorough. In addition, risks and benefits are not presented in
comparable terms, making it a challenge to determine whether certain risks are justified by potential
benefits. Significantly, the benefit assessment is not quantitative and there is no probability analysis or
attempt to estimate the likelihood that a certain benefit would be realized or what its impact might be.

Key Results of the Risk and Benefit Assessments

While NSABB considered all of the analyses in the RBA, some results are important to highlight. In
general, the RBA examined risks and benefits associated with the major GOF phenotypes with the
intention of identifying types of studies that would be most and least concerning, based particularly on
their risk profile.

With regard to biosafety risks, only some potential GOF phenotypes represent substantially increased
(5- to 10-fold or more) risks over the starting strain. Two-fold changes most likely fall within the
uncertainty of the data, and while small differences might be important if it could be shown that they
are significant, this demonstration is probably difficult. For coronaviruses, GOF studies that would
create strains with increased transmissibility among mammals may entail significant risks if they also
increase human transmission. The risks, were this combination to occur, would include increased
probability of an outbreak escaping local control and increased likelihood of global consequences. In
addition, experiments that enhance coronavirus growth in culture would likely increase the possibility of
laboratory acquired infections.
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For seasonal influenza, the GOF phenotypes entailing the greatest risks include enhanced transmission
in mammals (assuming this increases transmission in humans), enhanced virulence, and evasion of
immunity. Enhanced pathogenicity might significantly increase the global consequences of an outbreak.

For pandemic influenza, the issue of what GOF phenotypes could increase risk is highly dependent on
the comparator strain used. If 1918 influenza is modified so that it is able to evade residual immunity, it
could become more of a threat than 1957 H2N2, the comparator Gryphon used. For 1957 H2N2,
enhancement of pathogenicity to that of 1918 also significantly increases risk. Other phenotype
changes had little effect. However, if less transmissible and/or less virulent pandemic strains were used
as the basis for comparison, the risks of some other GOF studies would appear to increase risk more
significantly.

For avian influenza, the GOF experiments that lead to enhanced transmissibility in mammals (and
presumably humans) would likely lead to an increased probability of local and widespread outbreaks, as
well as increased global consequences. More subtle aspects of these very general conclusions may be
found in the biosafety risk section and the Executive Summary of Gryphon’s RBA report.

In general, GOF studies that were not considered by the NSABB to entail significant risks were those that
would: adapt human pathogens to mammals to generate animal models; enhance the growth of
attenuated vaccine strains; and antigenic drift studies that are commonly used to guide vaccine

selection.

The biosecurity risk assessment shows that the most probable threats involve insiders who have direct
access to dangerous pathogens or outsiders who collaborate with or subvert insiders. If currently
mandated biosecurity systems are effective, outsiders have little chance of causing harm on their own.
The RBA report also concludes that the risks associated with information from future GOF studies with
influenza, SARS or MERS appear small; this is because most of the information of interest is already
published, or non-GOF information relating to pathogens that are more attractive to individuals with
malevolent intent is readily available. However, future scientific advancements could alter this

assessment.

Most GOF studies provide benefits in the form of new scientific knowledge, and some of these benefits
are unique (i.e., unable to be achieved by alternative, non-GOF approaches). While some GOF studies
are likely to provide unique near-term benefits, these are associated with specific agents and
phenotypes. With regard to more applied benefits, such as countermeasure development and
biosurveillance, the most clear-cut example is experiments that increase growth of seasonal influenza
vaccine candidates in culture. These studies provide unique benefits to current production of seasonal
influenza vaccines, and likely will in the future. Another reasonably clear unique benefit is derived from
experiments that enhance mammalian pathogenicity of coronaviruses as a means of developing animal
models for studying disease and developing countermeasures. GOF studies that yield phenotypes that
provide unique benefits to countermeasure development include enhanced pathogenicity, evasion of
vaccines, and evasion of therapeutics. For several other potential benefits of GOF studies involving
seasonal influenza, either the potential benefit is long term, or alternative approaches may yield the
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Projects involving any of the 15 agents and that could be anticipated to involve any of these seven
experimental effects are then determined to be DURC if they then meet the definition of DURC listed in
the policy.*®

The DURC policies outline a coordinated approach to oversight involving the federal funding agencies
and institutions that conduct such research. The policy for federal oversight, issued in March 2012,
requires Federal Departments and Agencies to review proposed and ongoing research projects to
identify any that constitute DURC.“° The policy for institutional oversight, issued in September 2014,
articulates responsibilities of research institutions in identifying and managing DURC. Research
institutions are to establish an Institutional Review Entity (IRE) to review research subject to the policy
to determine whether any such research involves any of the seven experimental effects, and if so,
whether the research constitutes DURC. IREs may review projects not specifically covered under the
DURC policies but such additional reviews are voluntary.

When DURC is identified—either by a funding agency or a research institution—the funder and
institution are to work collaboratively to develop a risk mitigation plan to help ensure that the research
is conducted and communicated in a responsible manner. DURC risk mitigation plans are approved by
the federal funding agency and are reviewed on an annual basis by the funder and the institution.
Specific risk mitigation measures may be incorporated into a term of award. Risk mitigation may involve
modifying the design or conduct of the research in order to address the same scientific question in a
manner that poses fewer biosafety or biosecurity risks. Other measures may involve applying enhanced
biosafety or biosecurity measures, evaluating the effectiveness of extant medical countermeasures prior
to proceeding with particular studies, or establishing a more frequent schedule of DURC reviews to
more closely monitor the research as it evolves. It is also expected that a communication plan will be
established to ensure that DURC is communicated in a responsible manner. Federal funding agencies
can provide advice and guidance on responsible communication, but recommendations on how to
communicate research typically are not binding; ultimately, investigators and journal editors decide on
how to communicate the research.

Analysis: Some of the seven experimental effects within the scope of the DURC policies could be
considered GOF studies. However, GOF studies that involve these effects are only subject to DURC
oversight if they involve one of the 15 agents listed in the policies. Only two influenza viruses are
within the scope of these policies; SARS and MERS coronaviruses are not. The DURC policies are
also inherently subjective. While the list-based approach clearly delineates projects that are subject

32 The definition of dual use research of concern listed in the USG Policy for Oversight of Life Science DURC (USG, March 2012)
and the USG Policy for Institutional Oversight of Life Sciences DURC (USG, September 2014) is “Life sciences research that, based
on current understanding, can be reasonably anticipated to provide knowledge, information, products, or technologies that
could be directly misapplied to pose a significant threat with broad potential consequences to public health and safety,
agricultural crops and other plants, animals, the environment, materiel, or national security.”

40 The policy for Federal DURC oversight requires Federal funding agencies to compile biannual inventories of projects identified
as being subject to DURC oversight. As part of this process, Federal agencies have been identifying projects involving MERS and
LPAI H7N9 influenza and proactively managing risks associated with those projects, as necessary.
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approval before being funded by HHS. This policy was subsequently expanded to include review of
similar proposals involving low pathogenic avian influenza H7N9 viruses.*

Funding agencies within HHS (including NIH, CDC, and FDA) review relevant proposals for risks and
benefits, and refer relevant studies to a Department-level review group, the HHS HPAI H5N1 Gain-of-
Function Review Group, for advice prior to funding the proposal. The review group includes a wide
range of interdisciplinary expertise from across HHS, and can draw on additional experts within the U.S.
government if necessary. HHS reviews GOF research proposals that are subject to the HHS Framework
and makes recommendations to HHS funding agencies about whether the study is acceptable for
funding and whether additional measures may be needed to mitigate risks. HHS considers a number of
factors including the following criteria, which must be met in order for a GOF study to be acceptable to
receive HHS funding:

1. The virus anticipated to be generated could be produced through a natural evolutionary
process;

2. The research addresses a scientific question with high significance to public health;

3. There are no feasible alternative methods to address the same scientific question in a manner
that poses less risk than does the proposed approach;

4. Biosafety risks to laboratory workers and the public can be sufficiently mitigated and managed;

5. Biosecurity risks can be sufficiently mitigated and managed;

6. The research information is anticipated to be broadly shared in order to realize its potential
benefits to global health; and

7. The research will be supported through funding mechanisms that facilitate appropriate
oversight of the conduct and communication of the research

Analysis: The HHS Framework requires an explicit consideration of the risks and benefits associated
with certain GOF studies prior to making a funding decision. This allows HHS to identify potential
risks prior to funding the research and make recommendations about risk mitigation—including
consideration of alternative approaches or modifying the experimental design—at the outset. This
review process also involves broader expertise including, ethical, legal, security, intelligence, and
others. The criteria that must be met in order to receive funding are subject to judgment and
interpretation. The scope of the HHS Framework is also quite narrow and currently covers only
projects involving two influenza viruses and that involve one specific experimental outcome
(mammalian transmission by respiratory droplets); other GOF studies involving different pathogens
do not receive this pre-funding review.

Reviews under this framework are conducted by a group internal to the U.S. government.
Reviewing GOF studies in a confidential setting allows for the examination of potentially sensitive
scientific, proprietary, and personal information, and allows for discussions that may be sensitive
from a national security or public health preparedness perspective. However, such reviews do not
achieve the level of transparency desired by some stakeholders and also make it difficult to
independently assess the effectiveness of the review process. Finally, the HHS Framework was in

43 Jaffe, H.W., et al. Extra Oversight for H7N9 Experiments. Science. 2013 August 16: 341(6147):713-714.
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Finding 2. The U.S. government has several policies in place for identifying and managing risks
associated with life sciences research. There are several points throughout the research life cycle
where, if the policies are implemented effectively, risks can be managed and oversight of GOF
research of concern could be implemented. Federally-funded life sciences research in the U.S. is
conducted in accordance with occupational health and safety laws and regulations, the NIH Guidelines,
the BMBL, policies for the federal and institutional oversight of DURC, the select agent regulations,
export control regulations, international treaties and agreements, and other relevant policies. HHS has
also developed a framework for guiding funding decisions for certain GOF studies involving H5SN1 and
H7N9 influenza viruses. Together, these policies aim to mitigate biosafety risks, biosecurity risks, and
other risks associated with life sciences research, including many of the GOF studies that have raised

concerns.

U.S. policies involve oversight and help manage risks during several phases throughout the research life
cycle including the proposal review, the funding decision, during the conduct of the research, and at the
time the research is being communicated. There are also numerous entities that are responsible for
providing oversight, managing risks or issuing guidance, including funding agencies, federal advisory
committees, institutional review and compliance committees, individual investigators, and journal
editors.

While effective implementation of these policies can manage much of the risk associated with life
sciences research, some GOFROC is more thoroughly monitored than others. Additionally, coverage
under current policies is incomplete (e.g., GOFROC funded and conducted by/within the private sector
may not be subject to federal oversight). Institutional oversight also varies. For example, IBCs differ in
capabilities and expertise, and institutional resources and cultures vary. In addition, there is limited
data describing the rate and extent of laboratory accidents, near misses, and security breaches. Little
comprehensive data about these critical issues exist, and no entity is currently authorized to collect all of
the desirable information that would inform risk-benefit assessments.

Finding 3. Oversight policies vary in scope and applicability, and do not cover all potential GOFROC,
therefore, current oversight is not sufficient for all GOF research of concern. U.S. policies are
applicable to some but not all GOFROC. Risks associated with GOFROC that does not involve select
agents or pathogens subject to oversight under the USG DURC policies or the HHS Framework, would
largely be managed at the institutional level, in accordance with guidance provided in the NIH Guidelines
and BMBL. In general, GOFROC that is not conducted with USG funds is not subject to oversight by a
federal funding agency.>® Other countries also fund and conduct life sciences research, including GOF
studies, which are beyond the purview of the U.S. government as well.

56 Research involving a select agent, whose oversight is articulated in Federal statute and requires compliance from all
researchers and institutions, would be subject to Federal oversight, regardless of the funding source. Some privately-funded
research being conducted at institutions that receive Federal funding for that research may also be subject to oversight under
the NIH Guidelines, USG DURC policies, or other policies.
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In addition, the USG oversight policies vary. Different policies are aimed at managing different risks, and
each is implemented by various Federal Departments and Agencies. This can result in redundancies as
well as gaps in oversight, as the various policies are not sufficiently harmonized.

Finally, full compliance with policies is essential to their effectiveness. The effectiveness of policies can
be enhanced by a commitment to proper implementation and enforcement at the federal, institutional,
and individual investigator levels. This can include training, education, codes of conduct, and other
mechanisms for continuing to build a culture of responsibility.

Finding 4. An adaptive policy approach is a desirable way to ensure that oversight and risk mitigation
measures remain commensurate with the risks associated with the research and that the benefits of
the research are being fully realized. Many, but not all, of the policies that apply to GOF studies are
adaptive in nature. The BMBL is updated periodically. The NIH Guidelines and the select agent
programs are updated or revised periodically as well and both have processes for seeking external
advice for informing policy development. The DURC policies and the HHS Framework do not have
articulated mechanisms for reviewing or updating the policies, or for seeking input on policy
development (though both state an intention to be updated as necessary).

Great uncertainty is inherent in conducting risk-benefit assessments with currently available data and
the uncertainty associated with several key parameters of the risk and benefit assessment made its
interpretation challenging. Such uncertainty about risks and benefits may also make risk management
difficult. An adaptive policy approach would facilitate refinement of GOF risk management as
knowledge and experience are acquired.

Finding 5. There are life sciences research studies, including possibly some GOF research of concern,
that should not be conducted because the potential risks associated with the study are not justified by
the potential benefits. Decisions about whether specific GOFROC should be permitted will entail an
assessment of the potential risks and anticipated benefits associated with the individual experiment
in question. The scientific merit of a study is a central consideration during the review of proposed
studies but other considerations, including legal, ethical, public health, and societal values are also
important and need to be taken into account. Examples of studies that should not be conducted for
ethical reasons include those that: involve human subjects who have not been provided and signed an
informed consent document approved by an IRB; are anticipated to cause undue harm to a human
subject; or that entail risks that are unjustifiable in the light of the benefits. For example, the
development of biological weapons is unethical and has been banned by international treaty.”

57 Convention on the Prohibition of the Development, Production and Stockpiling of Bacteriological (Biological) and Toxin
Weapons and on Their Destruction. Signed at London, Moscow and Washington on 10 April 1972; entered into force on 26
March 1975. Depositaries: UK, US and Soviet governments. http://www.opbw.org/
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There may be GOFROC that should not be funded on ethical grounds but it is difficult to identify or
describe such studies based on general or hypothetical descriptions. An ethical evaluation of a research
study would entail an evaluation of the risks and benefits, which requires a thorough understanding of
the scientific details of the proposal, including its aims and any foreseeable adverse consequences. In
addition, the scientific, public health, and national security landscape is dynamic. Public health needs
change as new diseases emerge. Risks may arise or diminish based on the availability (or lack) of
effective countermeasures. Benefits may become more or less likely to be realized based on other
enabling factors, such as new scientific findings or technologies. Decisions to fund GOF studies must
take into account these nuances in the risk-benefit landscape.

The NSABB did not seek to develop a list of studies that should not be conducted but rather sought to
develop general principles that describe what is acceptable and not acceptable for funding. A principle-
based approach to guiding funding decisions is adaptable and likely more effective. However, one
example of a scientific study that should not be conducted might be the insertion of a virulence gene
from an unrelated organism into the genome of a virus that is transmissible through the respiratory
route, which would be highly unlikely to occur through natural recombination. This study, and others
that involve the transfer of virulence genes between disparate microbes would appear to lack public
health benefit, since the novel, laboratory-generated pathogen is unlikely to arise naturally and would
therefore entail potentially significant and unnecessary risks.

Finding 6. Managing risks associated with GOF research of concern, like all life sciences research,
requires both federal and institutional oversight, awareness and compliance, and a commitment by all
stakeholders to safety and security. Biosafety and biosecurity risks associated with life sciences
research are managed through engineering controls, laboratory practices, medical surveillance and
support, appropriate training, and other interventions. However, GOFROC has the potential to generate
strains with significant risks that may require additional oversight and containment mechanisms.
Managing the risks associated with GOFROC in particular requires a commitment to safety and security
at the federal and institutional level that includes a strong foundation of training and a demonstrated
commitment to compliance by the research institution, and the individual investigators at the local level.

Finding 7. Funding and conducting GOF research of concern encompasses many issues that are
international in nature. The potential risks and benefits associated with GOFROC are international in
nature. Laboratory accidents and intentional misuse could have global consequences. The benefits of
vaccine and other medical countermeasure development and disease surveillance also have important
international implications. The research enterprise is international as well, and GOFROC is being
conducted in a number of countries already. While USG funding policy regarding GOFROC only directly
affects domestic and international research within the purview of the U.S. government, decisions made
by the United States in this area can influence GOFROC oversight policies globally.
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Recommendation 1. Research proposals involving GOF research of concern entail significant potential
risks and should receive an additional, multidisciplinary review, prior to determining whether they are
acceptable for funding. If funded, such projects should be subject to ongoing oversight at the federal
and institutional levels.

GOFROC entails the generation of pathogens—perhaps novel pathogens—with anticipated pandemic
potential. The risks associated with such studies are uncertain but potentially significant. It is possible
that generating a laboratory pathogen with pandemic potential introduces a risk of a pandemic, albeit a
low probability risk, that did not exist before that pathogen was generated. Therefore, a new, pre-
funding review and approval mechanism is warranted before such studies should be undertaken. The
NSABB'’s proposed conceptual approach for guiding funding decisions about GOFROC entails identifying
GOFROC and subjecting such studies to an additional pre-funding review and approval process. The
attributes that describe GOFROC, the principles that should guide funding decisions for GOFROC, and
the steps in a proposed review/approval process for GOFROC are described below.

Identifying GOF research of concern

GOFROC is research that can be reasonably anticipated to generate a pathogen with pandemic
potential. Determining whether a proposed research project is likely to do so will entail uncertainty and
will require scientific and other expert judgment.

To be considered GOFROC, the research must, in a single step or over the course of multiple
manipulations, be reasonably anticipated to generate a pathogen with both of the following attributes:

i.  The pathogen generated is likely highly transmissible and likely capable of wide and
uncontrollable spread in human populations. To be considered “highly transmissible” the
pathogen must be judged to have the capacity for sustained secondary transmission among
humans, particularly, but not exclusively, by the respiratory route. Such a determination might
be informed by data describing human infections by naturally-circulating isolates of the
pathogen or studies in relevant experimental mammalian models that serve as a proxy for
human infections. To be considered “capable of wide and uncontrollable spread in human
populations” it must be judged that there would be limited options for controlling the spread of
the pathogen other than patient isolation or quarantine. Such a determination might be made,
for instance, if humans lack population immunity to the resulting pathogen, if the pathogen
would evade or suppress the human immune response, if the pathogen would be resistant to
medical countermeasures, or if existing countermeasures would be unavailable globally in

sufficient quantities.

AND
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ii.  The pathogen generated is likely highly virulent and likely to cause significant morbidity
and/or mortality in humans. To be considered “highly virulent” the pathogen must be judged
to have the capacity for causing significant consequences in humans, such as severe disease
and/or a high case fatality rate. Such a determination might be informed by data describing
human infections by naturally-circulating strains of the pathogen or studies in relevant
experimental mammalian models that serve as a proxy for human disease.

Any study involving the generation of a pathogen exhibiting the two attributes above would be
considered GOFROC. However, it is generally anticipated that the following types of activities would not
be considered GOFROC:

e Studies to characterize the virulence and transmission properties of circulating pathogens

e Surveillance activities, including sampling and sequencing

e Activities associated with developing and producing vaccines, such as generation of high-
growth strains

Importantly, a proposed experiment need not involve the simultaneous enhancement of both
phenotypes. Thus, research involving a naturally-occurring pathogen that exhibits one of the above
attributes would be considered GOFROC if a study were anticipated to confer the second attribute to
the agent (while retaining the first attribute). Other studies may generate a pathogen with the above
attributes after a series of manipulations that enhance the phenotypes separately but ultimately result
in a pathogen with both attributes. Any route of experimentation that is anticipated to ultimately
generate a pathogen that exhibits both of the characteristics above would be considered GOFROC and
should be reviewed carefully before it can be funded.

Appendix C describes examples of studies that would and would not be considered GOFROC. These
examples are provided as general guidance. A more detailed consideration of the specific characteristics
of a pathogen in question as well as the proposed experimental manipulations would be required to
determine whether a research proposal is GOFROC.

Pre-funding review and approval of GOF research of concern

Proposals anticipated to involve GOFROC should be subject to additional review prior to making a
funding decision and to substantial federal oversight throughout the course of the research, if funded.
The NSABB developed principles that should guide the review and funding of these proposals. There
should be a high degree of confidence that a study will be conducted in accordance with these principles
before determining that the proposal is suitable for funding. Studies that cannot be or are not
anticipated to be conducted in accordance with the principles below should not be funded.
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Principles for guiding review and funding decisions

Only projects that are in line with all of the following principles should be considered acceptable for
funding. The principles below are intended to embody the substantive ethical values described in
section 4.2 and the process of applying these principles would involve scientific, security, ethical, and

other considerations.

The research proposal has been evaluated by a peer-review process and determined to be
scientifically meritorious, with high impact on the research field(s) involved. If GOFROC is
to be funded and conducted it must first and foremost address a valuable scientific question
or public health need.

The pathogen that is anticipated to be generated must be judged, based on scientific
evidence, to be able to arise by natural processes. It is difficult to predict the types of
pathogens that can or will emerge in nature. Nevertheless, before a pathogen with
pandemic potential is generated through laboratory manipulations it is essential to consider
whether such a pathogen could arise in nature. GOFROC may be permissible if the study
were to generate a pathogen that is anticipated to arise in nature or if the study were to
provide insight into natural evolutionary processes. GOFROC would not be permissible if it
were to generate a laboratory pathogen that is highly unlikely to arise in nature.

An assessment of the overall potential risks and benefits associated with the project
determines that the potential risks as compared to the potential benefits to society are
justified. Prior to funding GOFROC, the anticipated risks and potential benefits must be
carefully evaluated. In general, the potential benefits associated with a research project
should be commensurate with or exceed the presumed risks. Projects involving significant
risks and little anticipated benefits are ethically unacceptable and should not be funded. If
the potential risks appear high, the possible benefits should also appear high. Risks should
be managed and should be mitigated whenever possible. The extent to which risks can be
mitigated should factor into the assessment.

There are no feasible, equally efficacious alternative methods to address the same
scientific question in a manner that poses less risk than does the proposed approach.
Alternative approaches must be explored and critically examined before funding GOFROC. It
is possible that the proposed experimental approach that raises concern is the only feasible
approach for addressing the scientific question at hand. In other cases, modifications of the
experimental design, use of attenuated or other strains that pose fewer risks to humans, or
different approaches with less risk that may provide the same information may be feasible.
Lines of experimentation that entail less risk should be pursued whenever possible.

The investigator and institution proposing the research have the demonstrated capacity
and commitment to conduct it safely and securely, and have the ability to respond rapidly
and adequately to laboratory accidents and security breaches. Prior to funding, the risks
associated with proposed GOFROC must be identified and assessed, and clear, realistic plans
for managing risks should be developed. In order to manage risks associated with GOFROC,
an institution must have adequate facilities, resources, security, trained personnel,
administrative structures, ongoing occupational health and safety monitoring procedures,
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relationships with local public health authorities and first responders, and the ability to
adapt to unanticipated situations by increasing containment or adding additional safety or
security features. In addition to adhering to standards of compliance, an institution (and the
investigators proposing the study) should have a demonstrated commitment to laboratory
safety and security, scientific integrity, and the responsible conduct of research. The
researchers and institution should be committed to a culture of responsibility, perhaps
demonstrated through adherence to a formal code of conduct or other measures.

The results of the research are anticipated to be broadly shared in compliance with
applicable laws and regulations in order to realize their potential benefits to global health.
Prior to funding GOFROC, consideration should be given to the type of research-related
information and products that are likely to be generated. The research-related information
and products are expected to be shared appropriately and a responsible communication
plan should be developed at the outset, as appropriate. NSABB® and the U.S. government®
have issued guidance for developing communication plans for dual use research of concern
that include consideration of the content, timing, and distribution of the research
information.

The research will be supported through funding mechanisms that allow for appropriate
management of risks and ongoing federal and institutional oversight of all aspects of the
research throughout the course of the project. GOFROC should be funded through
mechanisms that ensure appropriate biocontainment conditions are utilized, adequate
biosecurity precautions are in place, and that the data and materials generated will be
shared appropriately. The funding mechanism should allow for modification of required
mitigation and oversight features, as well as research objectives during the course of the
research, if needed.

The proposed research is ethically justifiable. Determinations of whether proposed
GOFROC should be undertaken involve value judgments to assess whether any potential
risks are justified. Non-maleficence, beneficence, justice, respect for persons, scientific
freedom, and responsible stewardship are among the values that should be considered
when ultimately making decisions about whether to fund GOFROC.

64 Appendix 5, Proposed Framework for the Oversight of Dual Use Research Life Sciences Research: Strategies for Minimizing the
Potential Misuse of Research Information. National Science Advisory Board for Biosecurity, June 2007.

65 Section E, Tools for the Identification, Assessment, Management, and Responsible Communication of Dual Use Research of
Concern: A Companion Guide to the United States Government Policies for Oversight of Life Sciences Dual Use Research of
Concern. U.S. government, September 2014.
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The Review Process for Proposals Involving GOF Research of Concern

The NSABB proposes the following conceptual approach for guiding funding decisions about GOFROC
(Figure 5). Review of research projects that may involve GOFROC would involve five steps:

1. Investigators and research institutions identify proposed GOFROC, as described by the two
attributes for identifying GOFROC.

2. Funding agencies identify or confirm proposed GOFROC.

3. A Department-level panel of U.S. government experts reviews proposals involving GOFROC to
determine whether the proposal meets the 8 principles for guiding funding decisions and to
make recommendations as to whether the proposed research is acceptable for funding.

4. Funding agencies make a funding decision, and if the proposal is funded, establish risk
mitigation plans and issue the funding award with appropriate terms and conditions to help
ensure ongoing oversight.

5. Investigators and institutions conduct the research in accordance with any applicable federal,
state, and local oversight policies and employ any necessary additional mitigation strategies.
Federal agencies provide oversight to ensure adherence to established risk mitigation plans and

funding terms.

Investigators and institutions identify GOFROC (Step 1). Prior to submission of an application for
funding, investigators and research institutions should identify possible GOFROC and submit with the
research proposal any relevant information such as plans for biosafety, biosecurity, and coordination
with local and/or state public health and safety officials in the event of an accident or theft; descriptions
of facilities available; a justification for the proposed approach that considers possible non-GOFROC
alternatives that have been considered; and a discussion of the value and potential benefits of the
proposed research. Identification of possible GOFROC should not affect a subsequent federal scientific

merit review either positively or negatively.

A need for guidance to investigators and institutions. The U.S. government should develop a
“Points to Consider” document to provide guidance to investigators and institutions when preparing
research proposals that may involve GOFROC. Such a document would describe any requirements
for proposals involving GOFROC and provide guidance on the type of information that should be
included in a proposal to facilitate its review. This document should be reviewed and updated as

necessary.

Agency and Department-level review of GOFROC (Step 2 & 3). After the standard funding agency
scientific merit review process, proposals that are determined to be scientifically meritorious and likely
to be favorably considered for funding would also be reviewed by the funding agency (Step 2) to
determine if they constitute GOFROC. Prior to being determined acceptable for funding, proposals
identified by a funding agency as involving GOFROC would require an additional, higher level,
Departmental review (Step 3). If a proposal does not involve GOFROC, it would proceed along the
normal pathway for further evaluation and funding decisions.
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The additional review of proposals involving GOFROC would determine whether the proposed research
aligns with the 8 principles to guide funding decisions. Applying these principles will help to ensure that
the GOFROC is scientifically and ethically acceptable, that the risk-benefit balance is favorable, that
alternative approaches are explicitly considered, and that the research can be performed safely and
securely. Itis envisioned that the additional review of proposals involving GOFROC would involve
diverse, multidisciplinary expertise including scientific, public health, biosafety, national security and
intelligence, legal, bioethics, and other perspectives. To the extent possible, the Departmental review
process should be efficient, well-documented, and adaptive. In addition, the process should be
structured to avoid real or apparent conflicts of interest and to provide consistency across USG agencies
that might fund GOFROC. It is also envisioned that research institutions proposing the GOFROC might
be asked for, and would have an opportunity to provide, any additional information that might be
necessary for a thorough and substantive review of the research proposal. The NSABB also
recommends (see Recommendation 2) that an advisory body that is designed for transparency play a
role in the evaluation of the oversight policies for GOFROC.

Funding decision and risk mitigation (Step 4). During the course of the Department-level review, the
relevant risk management plans should be critically evaluated and additional risk mitigation measures
may be recommended in order for GOFROC to be considered acceptable for funding. A satisfactory risk
management plan would entail appropriate biocontainment facilities and biosafety practices,
appropriate standard operating procedures and administrative controls, occupational health and safety
programs and security systems for protecting laboratory strains and reagents, and promoting personnel
reliability. Some or all of the additional risk mitigation measures listed in Box 4 may also be
recommended. Section 6.3 in Gryphon’s RBA report also describe additional safety measures that many
laboratories performing GOFROC have employed. These and a variety of additional measures could be
required as conditions of funding.
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HHS Framework) as well as mechanisms for higher-level review and approval of certain studies (i.e.,
Major Actions, under the NIH Guidelines; restricted experiments, under the Select Agent Program).
There are also mechanisms for continual Federal-level monitoring of biosafety and biosecurity risks for
individual projects (i.e., USG Policy for Federal Oversight of DURC, select agent program) and established
mechanisms for ongoing institutional oversight (i.e., IREs under the USG Policy for Institutional Oversight
of Life Sciences DURC; IBCs under the NIH Guidelines). Wherever possible, these mechanisms should be
employed to ensure the initial and ongoing oversight of GOFROC.

Importantly, not all GOFROC would necessarily be subject to the entire suite of U.S. oversight policies.
For instance, some studies involving pathogens not included in the USG policies for DURC oversight or
not on the select agent list could generate a pathogen with pandemic potential. Additional oversight
measures may need to be stipulated at the time of funding for GOFROC proposals that are not subject to
sufficient existing oversight. For instance, specific, enhanced containment practices may be required, or
a project may require ongoing monitoring at the federal and institutional levels for its potential to be
DURC. Box 4 describes a number of risk mitigation measures for GOFROC that could be implemented,
potentially by leveraging existing policy frameworks.

Recommendation 5. The U.S. government should consider ways to ensure that all GOF research of
concern conducted within the U.S. or by U.S. companies be subject to oversight, regardless of funding
source. GOFROC conducted in the U. S. that is funded by the U.S. government or through private
funding sources should be subject to equivalent oversight to ensure that the associated risks are
adequately managed. The USG should consider ways to introduce oversight not only as a term and
condition of a funding award but also via other mechanisms that would enable oversight of all relevant
research activities, regardless of the funding source.

Recommendation 6. The U.S. government should undertake broad efforts to strengthen laboratory
biosafety and biosecurity and, as part of these efforts, seek to raise awareness about the specific
issues associated with GOF research of concern. Current discussions about GOFROC relate to broader
domestic and international discussions about laboratory safety and security. A “top down” approach to
managing the risks associated with GOFROC through federal policies and oversight is appropriate.
However, top-down approaches alone, in the form of federal and/or institutional policies and
leadership, will likely not be sufficient. It is also critical to have adequately trained personnel that value
safe and secure laboratory environments for conducting GOFROC. Therefore, it will also be important to
facilitate a “bottom up” approach whereby scientific leaders and professional societies, as well as
research staff involved in the design and conduct of GOFROC, are educated about biosafety, biosecurity,
and the responsible conduct of their research. The U.S. government should engage the research
community with the goal of promoting a culture of responsibility, or “scientific citizenship,” whereby all
participants in the research enterprise have a sense of shared responsibility. Such a culture would
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DELIVERABLE 2: RECOMMENDATIONS ON A CONCEPTUAL APPROACH FOR EVALUATING PROPOSED
GOF STUDIES

The second NSABB working group was tasked with developing draft recommendations on the
conceptual approach for the evaluation of proposed GOF studies. The group met between June 2015
and May 2016 and consisted of 18 NSABB voting members as well as hon-voting ex officio members and
other ad hoc members from Federal agencies; (Appendix F). The group convened by telephone
conference calls and met twice in person.

In addition to the working group’s primary task of developing draft recommendations, it continued to
provide input on the conduct of the risk and benefit assessments. The working group also received
periodic status updates on the RBA from NIH and Gryphon, as well as reports on the commissioned
ethics analysis by Dr. Michael Selgelid, examined draft work products, and reported back to the full
NSABB.

In developing draft recommendations on a conceptual framework for evaluating proposed GOF studies,
the working group structured its deliberations into three phases.

Phase . Policy examination, research, and information gathering
Phase Il. Interpretation, analysis, and synthesis of information and results
Phase lll. Development of recommendations

In Phase | the working group sought to 1) identify and examine the information necessary to inform
development of recommendations and 2) begin to identify principles that should guide the development
of NSABB recommendations. The working group began its deliberations by considering the topic areas
discussed at the NSABB meeting in May 2015, which included examination of relevant U.S. and
international policy and consideration of broader perspectives such as those from funding agencies,
national security experts, journal editors and scientific publishers, ethicists, and others. The working
group held an in-person meeting to consult with experts on many of these topics. The working group
also examined a number of published GOF studies and discussed how current policies might apply to
such studies to provide oversight and risk mitigation.

During Phase Il the working group focused on translating information about risks and benefits as well as
ethics into decisions and recommendations. It examined how current policies apply to GOF studies and
began to develop preliminary observations and findings. The working group discussed the ethical issues
associated with funding and conducting GOF studies, particularly noting the values and ethical decision-
frameworks that might be applied to policy decisions about GOF studies. The working group also
developed analytic tools to assist it in systematically analyzing the results of the risk and benefit
assessments. In November 2015, the working group began receiving briefings from Gryphon conveying
the results of the RBA, as well as reports on ethics from Dr. Selgelid. The group sought to identify GOF
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individuals also pointed to the risks associated with not doing GOF research (generally due to a lack of
preparedness for natural public health threats) and argued that they must also be considered.

While acknowledging there are risks associated with GOF research, proponents believe those risks are
manageable and have been overstated by some, as evidenced by the fact that laboratory acquired
infections are rare and infections in the community as a result of releases from a laboratory are almost
unknown. While risk cannot be zero, the work can be conducted safely and securely with appropriate
risk mitigation including containment along with good training and with the implementation of robust
occupational medicine programs. Alternatives to GOF do not always provide the full answer to key
questions and may yield misinformation. Supporters of GOF studies have also expressed concerns about
the effects of the current funding pause and possible additional oversight on the field of virology and
young researchers, and feel that there are costs of not undertaking the work in question. A major need
is for better definition of what is meant by GOF with a clear distinction between GOF studies and GOF
studies of concern. Some have suggested that only viruses with increased transmissibility and
pathogenicity represent risks that exceed those of other infectious diseases research. They have also
noted that SARS and MERS viruses are different from influenza, and require a different risk assessment
approach since they are already virulent human pathogens; GOF research is needed to develop animal
models that will benefit development of countermeasures for coronaviruses. Some supporters have
acknowledged that there may be some experiments that should not be done. Finally, proponents of
GOF research have stated that the risks from naturally occurring influenza viruses, which they argue
could be reduced through GOF work, are greater than risks from performing GOF studies.

Scientists and Others Critical of GOF Studies

Opponents and critics of GOF research have generally focused their concern on a subset of GOF
studies—those that involve enhancing the pathogenicity and/or transmissibility in mammals
(particularly by the respiratory route), which may result in the generation of novel pathogens with
pandemic potential. Critics have argued that the generation of novel laboratory pathogens with
pandemic potential poses major public health risks and some have argued such studies should not be
conducted. They have presented and published calculations that suggest a high probability of global
outbreaks of influenza that might kill hundreds of millions of people, as a result of the release from a
laboratory of a novel GOF virus. There is some disagreement about these estimates and how likely a
pandemic might be, but opponents generally argue that even a relatively low probability of a potentially
massive outbreak with major consequences is unacceptable. Some critics of GOF studies have
acknowledged that there are a number of GOF studies that can and should be conducted.

Opponents of certain GOF studies have also argued that the benefits of GOF studies have been
overstated, or are questionable, and that the benefits generally do not outweigh the biosafety risks.
They also question claims about the effectiveness of risk mitigation strategies, since human factors and
human error are unavoidable and hard to control, and institutional compliance and competence may
vary. Critics have disputed the value of GOF studies to surveillance stating that it is not possible to
predict phenotype from genotype; therefore predicting the pandemic risk of newly emergent strains is
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not achievable given the current state of knowledge. Also, in their view, controlling outbreaks doesn’t
require GOF research.

Opponents of GOF research tend to favor alternative types of research that, in their view, can provide
the same public health benefits without the large risks. It was suggested that the approach should be on
reducing the risk by reducing the hazard, as opposed to focusing on mitigation of the risk. For example,
if a universal influenza vaccine was developed, the need for many GOF experiments would be
eliminated. Critics want to see funds currently used for GOF work provided to other types of research,
which would be a better use of scarce resources in their view. Overall, they view preventing major
public health problems as paramount, and see a need to define a critical set of experiments that should
not be done, or only be done with additional strong oversight. Opponents are also concerned about
proliferation and other factors that may lead to misuse and biosecurity threats. Finally, opponents have
pointed out a moral issue if risks and benefits of certain GOF studies are not fairly distributed globally.

Funding Agencies

Public and private funding agencies support GOF research that has raised concerns with the goal of
improving public health and well-being. These organizations in the US and abroad are aware of the
issues surrounding DURC/GOF studies and are working diligently to implement and comply with existing
policies in their countries. Most funders have requirements and procedures in place as they apply
policies and guidance to evaluate proposed work and to oversee funded work. Current approaches
involve education and awareness campaigns, project risk evaluation, ethics reviews, development of risk
mitigation plans, and post-award monitoring. Funders believe they can contribute to the GOF
deliberative process as a result of their practical, on-the-ground experience with DURC and GOF. They
are concerned that interpreting policy can be very challenging, since it requires considerable expertise
and judgment. They would welcome workable policies with clear guidance and have noted some
unintended consequences of the funding pause, which affected some GOF projects that had not raised
particular concerns. Some foreign government funders view government funding as a poor control
mechanisms because this does not cover privately funded research and research funded by other
entities. National legislation, regulations, compliance, training, awareness-raising, and self-monitoring
have been noted as important.

Biosecurity Experts and Others Concerned about National Security

The ultimate goal of national security professionals, as it pertains to life sciences research, is to protect
public health from natural or man-made health threats. Those concerned with national security aim to
prevent terrorists and others with malicious intent or misguided motives from using products or
information from GOF research to cause harm. This may include deliberate release of pathogens into
the community, targeting of researchers or research facilities, or interference with on-going research
activities. GOF research represents biosecurity risks in addition to biosafety risks; these overlap but are
different with regard to important legal, policy and regulatory issues. Managing biosafety risks may or
may not also manage biosecurity risks; GOF policy must take both types of risk into account.
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When trying to assess biosecurity threats, security professionals have noted the importance of avoiding
assumptions and predictions about the motives and capabilities of those who might be planning
biosecurity actions. Those in the security field gather a large variety of data, but often their information
is imprecise and may require consideration of what is feasible and plausible. Because of the paucity of
biosecurity events, it is very difficult to evaluate and predict the likelihood and consequences of a
deliberate release or determine how to prevent and/or mitigate one, and different experts view this
issue very differently. It was stated that research policy in itself is not be the appropriate solution to
prevent specific biological threats but specific research policies could help raise awareness of security
issues among researchers, which would be important.

Security and intelligence professionals have described the challenges associated with using classification
as a potential risk mitigation strategy. Classification would effectively restrict access to sensitive
research information and research products and would limit the number of laboratories able to perform
the studies. This could be described as both a strength and a limitation, depending on one’s
perspective. Life sciences research that requires classification is typically classified at the outset; the
retroactive classification of research that had been conducted in an open, academic setting is
exceedingly difficult.

Scientific and Medical Journals

Scientific and medical journals have been at the forefront of the GOF issue. While a number of journals
and families of journals have procedures in place for identifying DURC, including GOF and other
biosecurity concerns in submitted manuscripts, many journal editors are not entirely comfortable with
their role. Their mission is to transmit scientific information, not control it, and they may not have the
security expertise or the access to such expertise to make the necessary judgments and decisions about
risks associated with communicating certain research findings. Rejection and redaction are the major
tools journals have to control dissemination of dual use information, and neither may actually address
the concerns; they are also impractical to implement effectively. One suggestion voiced was to require
that a description of the steps that were taken during conduct of the research to ensure safety be
included in all manuscripts. Some journal editors and staff expressed a desire to get help in evaluating
risks and mitigation strategies from an independent national group such as the NSABB and to involve
them earlier in the overall process. Most think the publication stage is not the best point to exercise
control or prevent misuse of data from GOF studies but realize they are the final gatekeepers. Earlier
identification of DURC/GOF along with risk mitigation earlier in the research life cycle would reduce the
burden on them. Also, new technology and novel publication venues make controlling information
increasingly difficult, and, as noted above, not all journals are able to or choose to impose a rigorous
review of manuscripts.

Countermeasure Developers

Companies and others that are attempting to develop vaccines and drugs against pathogens were
represented in several discussions. Medical countermeasure (MCM) developers expressed quite
divergent views and opinions. Those favoring GOF research argued that such work is absolutely
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necessary for antiviral drug development because GOF experiments to select for drug resistant mutants
as well as to develop animal models are part of the critical path to marketing approval. In their view,
GOF studies also have had a major influence on developing influenza vaccines, both seasonal and
pandemic, and are likely to result in improved ways to make even better vaccines in the future. GOF
experiments are required for selection of strains with better growth properties, with key mutations that
alter important phenotypes needed in the vaccine strain, and with incorporating characteristics of
strains that are likely to emerge into proven backbones. It was noted that GOF studies that enhance
virulence can help inform vaccine designers about which mutations to avoid incorporating into vaccine
strains. This group is concerned that their efforts to improve public health may be limited or impeded
by new policies and urge careful consideration of their needs as decisions are made.

Conversely, other MCM developers expressed the view that vaccine production now is little dependent
on GOF research and that any possible benefits will be far into the future, although some feel long-term
potential is there. Those who criticize GOF studies on these grounds have argued that vaccines are
developed in response to strains that emerge as threats, rather than preemptively based on strains that
might be predicted as threats. Rather than supporting GOF studies to enhance vaccine production and
drug development, it has been suggested that the other constraints that impede MCM development be
addressed, such as streamlining FDA approval procedures and improving manufacturing processes,
which would have a much greater impact. These critics suggest limiting current GOF-related efforts and
focusing attention and resources in other directions. Overall, they believe that impact of GOF research
on vaccine and drug development has been overstated, and that the benefits articulated are more
theoretical than practical.

The General Public and Organizations Representing their Views.

A number of stakeholders stressed the importance of having meaningful public engagement with input
and participation as part of the deliberative process. It is important that communities that might be
affected by accidents or the misuse of research have a say in the research that is being conducted,
however, but this may not generally be the case in their view. Real transparency, with the public good
as the foremost consideration, must be part of a truly independent decision-making process. They note
that it is important to maintain public trust in the scientific enterprise by involving non-scientists at
stages when their views can still have an impact on policy-making. Public opinion of science is harmed
when decisions that influence public health and safety are made without such input or the input has no
real impact. Conversely, effective community engagement can convert sceptics to supporters. More
than one participant raised the concern that if risks and benefits are not equitably distributed, it is a
serious ethical issue’.

Other issues that were mentioned include: how harms will be compensated if a laboratory incident were
to affect the surrounding community; the need for enough resources to conduct research safely; and
the opportunity to learn from other industries such as the nuclear industry.

75 The ethical issues are discussed in more depth elsewhere, notably, Dr. Michael Selgelid’s ethical analysis and the section of
this report on Ethical Values and Decision-Making Frameworks.
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Research Institutions

Representatives of universities and other research institutions generally noted that there is already
significant oversight of DURC and GOF at both the Federal and institutional levels. Biosafety
professionals noted that potentially high risk projects would receive thorough scientific review and risk
assessment, resulting in the development of risk mitigation plans, and on-going monitoring as a result of
policies and requirements that are already in place. They cited concerns over any increase in
compliance that would impose burdens on their already limited resources or impede researchers from
doing valuable work. They have difficulty, at times, deciding what is DURC when reviewing specific
projects and would welcome more specificity and guidance. Many emphasized the need for policies
that are unambiguous and straightforward to implement.

Public Health Officials

Public health officials have expressed diverse opinions. Some believe that GOF research has and can
continue to improve surveillance efforts, as well as vaccine and therapeutic development. Others
expressed concerns that an accident involving a laboratory pathogen for which there are no
countermeasures would be very concerning and difficult to respond to. At the local level it is important
to have public health involvement in the decision-making process because they will be incident
responders. Strong connections with state and local laboratories should be established for sharing
information and might include involving them in the review process. It was also noted that GOF and
related policies may impact sample sharing and impede international relations relating to public health
efforts.

International Perspectives

A number of participants noted that there is much interest in the GOF/DURC issue internationally, and
the international community is looking to see what the USG will do as a result of the deliberative
process. It was noted that U.S. policy often influences policies globally and the international
ramifications should be considered. Recent biosafety incidents in U.S. Federal labs have raised concerns
among many in other countries about the ability of the U.S. to adequately manage risks. A number of
countries have well-developed systems of policy and regulation that would address many or some GOF
and DURC issues, though international policy approaches are generally somewhat different from those
inthe U.S. International experiences, activities, and perspectives were cited as important to consider in
the deliberative process. A collaborative approach and active attempts to engage the international
community was viewed as the most effective way to benefit all. Many favored launching an
international dialogue soon, with development of broad concepts and points of agreement that could be
shared by all, while still respecting national differences. In addition, it was suggested that academies of
science and multi-national organizations such as the World Health Organization can play an important
role in such interactions at the right time. Those with a particular interest in the international aspects of
GOF research also cited ethical issues associated with the unequal distribution of risks and benefits
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PREAMBLE

The National Science Advisory Board for Biosecurity developed the recommendations contained in this
document as part of its charge stemming from the U.S. Government Gain-of-Function Deliberative
Process and Research Funding Pause on Selected Gain-of-Function Research Involving Influenza, MERS,
and SARS viruses, issued on October 17, 2014. As part of its charge, the NSABB is to 1) provide advice on
the design, development, and conduct of risk and benefit assessments for gain-of-function studies, and
2) provide formal recommendations on the conceptual approach to the evaluation of proposed gain-of-
function studies. This document was unanimously approved by the committee on May 5, 2015 and
fulfills the first portion of the NSABB’s charge. The recommendations in this document will guide the
National Institutes of Health as it commissions a formal assessment of the potential risks and benefits
associated with gain-of-function research involving pathogens with pandemic potential. The results of
the risk and benefit assessments will inform the NSABB as it develops its recommendations to the

United States Government about how to evaluate such studies.
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principles described herein. In planning and conducting the RA and BA, the contractor will take into
account issues raised by recent biosafety incidents in USG laboratories.

While the funding pause and the RA and BA are limited to specific pathogens,® products of the RA and
BA are intended to inform broader NSABB deliberations, which will involve recommendations on a
conceptual approach to the evaluation of proposed GOF studies that may extend to other high-
consequence pathogens. NSABB recommendations will inform the USG as it develops and adopts
policies about whether certain types of GOF studies on high-consequence pathogens with pandemic
potential should be supported and, if so, how such funding proposals should be evaluated.

A private contractor will conduct the RA and BA; however, the process is intended to be a cooperative
effort involving participation by NIH and the NSABB, and informed by discussions held at the National
Academies forums. The NIH Office of Science Policy is managing the overall deliberative process,
providing the interface and facilitating the communications between the contractor and other entities,
and overseeing the work by the contractor. The studies and resulting reports must comply fully with
USG requirements, both procedurally and analytically, using existing guidance from Federal agencies
and peer-reviewed sources and well-established methods. Concerns of other stakeholders, in addition
to the USG, must be considered.

THE CHARGE TO THE NSABB

The NSABB has been charged with providing advice on the design, development, and conduct of risk and
benefit assessments, and with providing recommendations to the USG on a conceptual approach to the
evaluation of proposed GOF studies. In developing its recommendations, the NSABB will consider: the
results of the RA and BA; the spectrum of potential risks and benefits associated with GOF studies;
alternative methods that may be employed to yield similar scientific insights or benefits, while reducing
potential risks; public discussions hosted by the National Academies; and any additional consultations
with relevant subject matter experts, as needed, to ensure that all appropriate expertise is brought to
bear on the issues. In advising on the design and conduct of the RA and BA, the NSABB will recommend
assumptions to be included in the risk assessment; evaluate the scope and methodologies to be used in
the risk assessment; consider the adequacy of the scenarios in the risk assessment and propose
additional scenarios to address other concerns or factors, as appropriate; advise on the assessment of
the benefits, including types of benefits that should be examined and methods for examining them; and
provide advice at key milestones in the conduct of the RA and BA.

To satisfy this charge, the NSABB will convene, deliberate, and provide two deliverables to the USG:
e Deliverable 1. Advice on the design, development, and conduct of risk and benefit assessments.
e Deliverable 2. Formal recommendations on the conceptual approach to the evaluation of
proposed GOF studies.

The framework outlined herein, and subsequent input provided by the NSABB at key milestones
throughout the conduct of the RA and BA, are intended to satisfy Deliverable 1.

85 U.S. Government Gain-of-Function Deliberative Process and Research Funding Pause on Selected Gain-of-Function Research
Involving Influenza, MERS, and SARS viruses, October 17, 2014.
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RECOMMENDATIONS REGARDING THE DESIGN AND CONDUCT OF THE RA AND BA

Guiding Principles

Listed below (not necessarily in order of importance) are guiding principles that should underpin the risk
and benefit assessments. These principles should inform and guide the contractor’s efforts in
performing the risk and benefit assessments.

1.

There are potential risks and benefits associated with certain GOF life sciences research that
should be formally and rigorously identified and analyzed. The possible risks and benefits of not
doing this work also need to be thoroughly examined.

Alternative experimental approaches to GOF experiments that may provide the same or similar
outcomes or additional/different benefits, without the same risks, should be identified and their
relative risks, benefits, and limitations thoroughly and impartially analyzed. There may be
different risks and benefits associated with these alternatives.

The RA and BA processes should start with a clear articulation of their purposes. The issues
must be framed appropriately, with specific, relevant questions to be answered. The RA and BA
should be conceptualized so as to provide information that is useful and informative for guiding
NSABB recommendations about whether or not and how to pursue the types of scientific
studies that are the subject of the assessments.

The scope of the RA and BA must be sufficiently comprehensive and delineated, with all aspects
of the problem being clearly defined and considered at the outset. While the scope must be
sufficiently detailed, it also must be appropriately narrowed to the particular subset of studies
whose risks may be especially significant.

The concepts of clarity, transparency, consistency, and reasonableness must underpin the RA
and BA. The processes must be well-documented and the final results and their interpretations
should be clearly described and presented.

The assessments must be objective, scientifically rigorous, comprehensive, credible, and
reasonable. Analyses of potential risks and benefits should be based on existing guidance, use
real data to the extent possible, and employ established, tested, and peer-accepted methods.
The RA and BA should include both qualitative and quantitative analyses to the extent feasible.

Analyses should examine the impact of risk mitigation strategies and practices, the effect of
public health interventions, and whether countermeasures are effective against novel strains, as
well as how these strategies are actually employed, which may involve human error, crisis
conditions, or other factors that decrease their effectiveness.

The data used are critical to conducting the risk and benefit assessments. Sources of data,
quality of data, assumptions made in analyses, limitations of data, and areas where more data
are needed all require explicit documentation. However, insufficient or lack of quality data
should not be grounds for not addressing issues pertinent to the goals of the assessments.



220

Particular consideration must be given to issues of uncertainty®” and sensitivity®® in presenting
results. Ranges and bounds should be used to reflect the level of confidence in the results.

9. The RA should address what could go wrong as a result of conducting GOF research, and the
probability and consequences of such events. The BA should address what beneficial outcomes
might result from such research, how probable they are, the magnitude of their effects, and a
realistic timeframe for realizing the benefits. Both risks and benefits may depend on other
factors and have different timeframes. Any assumptions regarding factors that must be present
for the risks or benefits to be realized should be explicitly identified.

10. The focus of the assessments should be on research studies conducted within the U.S. or
supported by U.S. funding and conducted outside of the U.S., but should take into account the
fact that laboratories throughout the world that are not funded by the U.S. government may
also be conducting similar studies.

11. These principles largely apply to both the RA and BA; however, the benefits are not just
reduction of the risks included in the risk assessment. It may not always be feasible to express
risks and benefits in the same terms, but an effort should be made to do so when possible.

12. The RA must encompass a range of scenarios including “maximum reasonable foreseeable
events” (i.e., worst case) as well as those with a range of probabilities. Low probability but high
consequence events deserve particular attention. Both intentional (malevolent) and accidental
events should be included in the analyses.

Pathogens and Pathogen Characteristics

Listed below are pathogens that are recommended for inclusion in the RA and BA to provide
information about the risks and benefits associated with GOF research involving these specific agents;
however, the NSABB's ultimate policy recommendations need not be limited to these specific
pathogens. The risks and benefits analyzed in the assessments are intended to be representative of
those associated with similar agents and experiments that may arise in the future. Most pandemics are
associated with respiratory transmission, so agents in this category are of overarching concern. The
NSABB considered adding a variety of agents, viral and bacterial, as well as agents having different
transmission routes that might gain the property of respiratory transmission. The NSABB also discussed
the pathogen characteristics that are most concerning.

87 Uncertainty is the lack or incompleteness of information. Quantitative uncertainty analysis attempts to analyze and describe
the degree to which a calculated value may differ from the true value; it sometimes uses probability distributions. Uncertainty
depends on the quality, quantity, and relevance of data and on the reliability and relevance of models and assumptions used to
fill data gaps. From Science and Decisions: Advancing Risk Assessment. National Research Council of the National Academies,
The National Academies Press; Washington DC. 2009.

88 Sensitivity is the degree to which the outputs of a quantitative assessment are affected by changes in selected input
parameters or assumptions. From Science and Decisions: Advancing Risk Assessment. National Research Council of the National
Academies, The National Academies Press; Washington DC. 2009.
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Pathogens recommended for inclusion in the RA and BA:

1. Influenza viruses. Because of the significant differences among influenza strains, the NSABB
recommends that three distinct strains be analyzed. These are:

a. Seasonal influenza (e.g., currently circulating or historical HIN1, H3N2, and influenza B
strains for which a significant portion of the general population has pre-existing immunity)
Highly pathogenic avian influenza virus HSN1

c. Low pathogenic avian influenza virus H7N9

2. SARS-CoV
3. MERS-CoV
Pathogen characteristics recommended for consideration in the RA and BA:

The RA and BA should include analysis of the risks and benefits associated with GOF experiments that
are anticipated to increase the pandemic potential of pathogens. Toward this end, the following
characteristics, which may be conferred to pathogens during the conduct of GOF studies, should be
considered:

1. Enhanced pathogen production as a result of changes in the replication cycle or growth.
2. Enhanced morbidity and mortality in appropriate animal models.

3. Enhanced transmission in mammals (e.g., increased host or tissue range, altered route of
transmission, infectivity above a certain threshold determined in an appropriate animal model).

4. Evasion of existing natural or induced immunity.

5. Resistance to drugs or evasion of other medical countermeasures such as vaccines, therapeutics,
diagnostics.

Risk Categories

In order for the contractor to plan and conduct the risk assessment so that it will ultimately meet the
needs of the NSABB, the scope of possible risks must be defined at the outset. The risk assessment
should particularly examine any risks that are unique to GOF studies and examine the relative risks of
GOF research compared to alternative approaches. It is important that all reasonable categories of risks
be examined. Listed below are the categories of risks that the NSABB recommends be considered in the
RA. There is some overlap between the categories, and of note, potential national biosecurity risks that
should be considered are associated with most of the categories. For each of the risk categories, both
intentional and accidental events that lead to risk should be considered, as appropriate. In addition, the
analysis should consider the risks associated with certain GOF studies in the context of currently existing
risks associated with the broader, national biomedical research portfolio and from the perspective of
past experience. The RA should also consider the additive risks associated with conducting relevant GOF
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studies at multiple locations. Where there are case studies or known examples of events that document
various risks, these should be compiled and selected examples incorporated into the RA report.

1. Biosafety: Biosafety risks are those generally associated with laboratory accidents. Assessing
these risks should include the magnitude of exposures, initial infections, transmission leading to
secondary infections, and outbreaks in humans or animals. The issue of novel pathogenic
strains for which we may be unprepared needs particular attention. The association of
laboratory personnel with intermediary hosts should also be considered. The RA should
evaluate the effect that public health interventions and occupational health and staff
monitoring programs have on the risks posed by novel pathogens resulting from GOF studies, as
compared to existing pathogens. The assessment should consider how the capabilities and
containment features of the lab doing the work influence risk. The risks to lab workers and to
the general public should be analyzed separately.

2. Physical and personnel security (biosecurity): Biosecurity risks are those associated with crime
and terrorism involving pathogens resulting from GOF studies and would take into account the
physical security of pathogens, risks associated with shipping and transporting pathogens, and
the risk of illegitimate acts by “insiders,” or laboratory employees. Biosecurity risks include
physical breach, theft, loss or intentional release by lab personnel, malevolent acts, and
terrorism. The RA should include consideration of the types of actors who would seek to misuse
life sciences research information and materials as well as their capabilities to do so. The
analysis should also consider specifically how the studies in question could be misused, whether
terrorists might target labs to gain access to materials or scientific expertise, and include
estimates of how great the threats may be.

3. Proliferation: The RA should consider how pursuing certain GOF studies may lead to expanded
amounts of that research and, as a result, increased risk (biosafety, biosecurity, and others).
Proliferation might occur if certain studies become standard or typical, or, conversely, if
unpublished studies (due to safety or security concerns) are repeated, unwittingly by others.
This analysis should take into account that biosafety standards vary in different countries and
settings.

4. Information risk: Information risks are those associated with how the information generated by
GOF studies, if made publically available, could enable others throughout the world to replicate
such studies or generate pathogens for malevolent actions or threats to national security.
Intellectual property threats may also be considered here.

5. Agricultural: This involves the risks to agriculturally-relevant animals such as pigs or chickens if
a laboratory-modified pathogen produced during GOF studies was to be intentionally or
accidentally released into populations of these animals. This also includes risks resulting from
interaction between humans and other reservoir hosts.

6. Economic risks: Economic risks include monetary costs associated with releases of pathogens
resulting from GOF studies, including loss of productivity, agricultural damage, liability, and the
issue of accountability. Opportunity costs might also be considered.

7. Loss of public confidence: It is important to consider the possible loss of public trust in the
scientific enterprise that might result if a laboratory accident involving modified pathogens were
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food-producing, domestic, or other animals so as to help to better recognize or predict
outbreaks in such animals, and inform decision-making.

c. Wildlife surveillance: How GOF research may contribute to the improvement of
surveillance in wildlife by aiding detection and monitoring of pathogens, or help to better
recognize or predict outbreaks in such animals, and inform decision-making.

3. Medical countermeasures: For the following three benefits in particular, the benefit assessment
should examine the relative benefits of GOF research compared to alternative approaches. The
assessment should also consider whether, and if so, how, GOF research yields unique
information that may not otherwise be possible.

a. Therapeutics: How the research is likely to aid discovery and development of new or more
effective therapeutics.

b. Vaccines: How the research is likely to aid development and selection of new or more
effective vaccines.

c. Diagnostics: How the research is likely to aid development of new or better diagnostic
methods and products.

4. Informing policy decisions: How information gained from GOF studies contributes, or is likely to
contribute, to public health preparedness decisions such as informing countermeasure
stockpiling decisions, guiding decisions about strain selection for vaccine development, or
informing decisions about whether and how to mobilize resources or issue guidance in response
to a newly emergent pathogen.

5. Economic benefits: Possible gains (monetary, employment, labor productivity, etc.) and cost
savings associated with the results/outcomes of GOF studies, such as diminished health care
costs due to vaccines or therapeutics, or other positive impacts on the economy.

Historical Perspectives from Analysis of Past Experiences

Naturally-occurring epidemics and pandemics can provide helpful background information that might
inform the discussion about the risks associated with the infectious agents that are subjects of RA and
BA. There is significant historical data on the mortality and morbidity associated with seasonal and
pandemic influenza, as well as more recent data on the other pathogens recommended for inclusion the
RA and BA studies. However, there are complexities and limitations to interpreting these data and
trends that require further analysis. Valuable historical perspectives about past outbreaks of seasonal
and pandemic influenza, SARS, and MERS viruses could be obtained by conducting quantitative analyses
of global pathogen-associated morbidity and mortality. This information will supplement the RA and BA
being undertaken as part of the deliberative process on GOF research, and will help inform the
development of the NSABB's final recommendations (Deliverable 2).

Specifically, the NSABB recommends that an analysis be done for each pathogen, which summarizes
existing data and information and, to the extent possible, includes:

12
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1. Global morbidity and mortality data associated with seasonal influenza, pandemic influenza,
SARS, and MERS, and trends in these data over time.

2. |If applicable, comparison of the morbidity and mortality associated with seasonal and pandemic
illness.

3. Historical information about the impact of illness on food production, particularly the swine and
poultry industries.

4. Description of how the data utilized were collected, interpreted, and analyzed.

5. Qualitative review of the impact of vaccines and therapeutics on pathogen-associated morbidity
and mortality.

Scenarios and Events to be Included in the RA

The RA should be based on a series of events that might occur during the course of conducting GOF
research. It is anticipated that the contractor will develop a large list of possible events and scenarios
that might be included. Because of time and resource constraints, only a subset will be analyzed in
depth; however, it is important to define the total range of reasonably likely events so that the ones that
are analyzed will be representative of the risks anticipated to be associated with GOF research more
broadly. Scenarios should include analysis of the effects of risk mitigation approaches and include
realistic examples where mitigation is effective and where it fails in some way. The analyses should
incorporate examples that account for variability between labs and their practices.

Development and Selection of Events and Scenarios

Listed below are recommendations, derived from the Guiding Principles identified above, which should
guide the contractor as specific scenarios are developed and proposed for analysis.

1. Scenarios and events should be scientifically, politically, and socially accurate and credible.

2. To the extent possible, events and scenarios should be realistic and based on actual examples,
possibly including the recent laboratory accidents at Federal facilities.

3. The overall range of scenarios should encompass high and low risk events, high and low
probability events, and maximum reasonably foreseeable (highly unlikely, but still credible)
events.

4. The scenarios should involve events that are of concern to stakeholders, including the public,
and include types that involve experimental manipulations that ultimately may be determined
to be prohibited under any circumstances.

5. Scenarios involving security threats should be plausible but not necessarily based on specific,
real-life examples, given that the security landscape is constantly evolving. Such scenarios
should involve consideration of the prior actions or expressed intent of hostile groups, current
and reasonably achievable technical capabilities of these groups, and how readily security
threats could be achieved or enabled by a certain type of GOF study.

13
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Categories of Events and Scenarios

Listed below are types of events and scenarios that the NSABB recommends for consideration in the RA.

The contractor should propose more specific scenarios based on these categories.

1.

10.

11.

12.

13.

14.

Accidents due to equipment failure, human error, and system malfunction
Events that lead to direct infection of lab worker(s)
Accidental direct release into the environment, with possible exposure of the public

Scenarios that lead to secondary transmission of disease in the community, starting with an
infected lab worker

Incidents that result from security failures, either building systems or personnel

Incidents stemming from inventory errors and those involved with laboratory transitions, such
as laboratories relocating, principal investigators retiring, students graduating, etc.

Scenarios involving the escape of an infected animal

Scenarios that result in health and/or economic impacts on important animal species,
particularly those important to the food supply

Insider threats: an internal breach of security (e.g., disgruntled lab worker, infiltration of a lab by
an individual with nefarious intent)

External threats: an external breach of security (e.g., crime, targeting of a lab for theft of agents
or materials)

Production of novel pathogens for malevolent acts or other illegitimate purposes based on
information published about the results of GOF research

Natural disasters (e.g., earthquake, hurricane, tornado)

Accidents resulting from conduct of GOF research under sub-standard biosafety/biocontainment
conditions or practices, either in the U.S. or internationally

Scenarios based on alternative experimental approaches to GOF research

Types of Experiments in RA

The scope of research that is of concern must be clearly defined at the outset. Not all research that
involves genetic manipulations to alter a pathogen’s phenotype should be examined in the RA and BA.
Listed below are types of experiments recommended for consideration in the RA and BA, but the
NSABB's ultimate policy recommendations need not be limited to the specific experiment types included
in the assessments. The following list includes experiment types that should be incorporated into
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burden on the research. Finally, the NSABB recommends that the contractor investigate the status of
biosafety guidance and biocontainment capabilities in other parts of the world, including guidance
issued by the World Health Organization, and provide a summary of the findings.

Approaches and Methods for Assessing Risks and Benefits Associated with GOF
Studies

The NSABB recommends that the following approaches be explored and employed by the contractor, as
appropriate and reasonable, to assess the risks and benefits associated with relevant GOF studies. The
contractor should examine these and other possible methods and identify those that might best be used
to assess the specific categories of risks and benefits recommended above. Efforts to identify risks and
benefits that are unique to GOF research should be emphasized.

1.

Literature reviews and examination of knowledge indicators (e.g., science citation index),
including consideration of quality and impact of information on the field.

Examination of commercialization indicators (e.g., number of patents), including considerations
for quality and utility.

Interviews and consultations with a broad range of relevant experts about risks and benefits
associated with GOF studies are highly recommended. Relevant experts might include those in
various scientific disciplines, public health, clinical medicine, agriculture, private sector, global
health, public policy, and national security, and should include experts both within and outside
the United States. Consultations should include discussion of the important scientific questions
remaining specifically for the pathogens being analyzed in the RA and BA and whether and how
information from GOF studies may be utilized by relevant sectors. Discussions of how GOF
studies contribute to research involving other pathogens with pandemic potential may also be
useful. Interviews should also incorporate discussion of the perceived risks and benefits of
alternatives to GOF studies.

Development of illustrative case studies or descriptions of instances where a GOF study has
resulted in a specific risk or benefit.

Quantitative approaches to modeling the risks and benefits, particularly to public health. For
instance, morbidity and mortality may be modeled for various scenarios of laboratory accidents,
security breaches or intentional misuse, and/or public health responses. Additionally, if a GOF
study were to accelerate vaccine or therapeutic production, it may be possible to model the
positive effects on public health.

Quantitative approaches to modeling economic benefits and risks. For instance, if a GOF study
would accelerate the development of a therapeutic or vaccine, the potential positive effects on
jobs or productivity, as well as reduced health care costs in the event of a pandemic, might be
estimated. In addition, the costs associated with an accidental release or malevolent act should
be modeled.

Development of “event trees” illustrating processes leading to tangible events from GOF studies,
employing expert elicitation to bound key events/nodes in processes.
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e Advise on the development, utilization and promotion of codes of conduct to interdisciplinary
life scientists, and relevant professional groups.

e Advise on policies regarding the conduct, communication, and oversight of dual use research
and research results, as requested.

e Advise on the Federal Select Agent Program, as requested.

e Address any other issues as directed by the Secretary of HHS.

AGENCY OR OFFICIAL TO WHOM THE COMMITTEE REPORTS

The NSABB will advise the Secretary of the Department of Health and Human Services (HHS), the
Director of the National Institutes of Health (NIH), and the heads of all Federal entities that conduct,
support or have an interest in life sciences research.

SUPPORT
Management and support services for the NSABB will be provided by the Office of Science Policy (OSP),
within the Office of the Director, NIH. HHS and NIH staff will hold security clearances at the level of

Secret or higher, as needed, to provide support to the NSABB.

ESTIMATED ANNUAL OPERATING COSTS AND STAFF YEARS

The estimated annual cost for operating the Committee, including compensation and travel expenses for
members, but excluding staff support, is $274,900. The estimated annual person-years of staff support
required is 1.5 at an estimated cost of $156,637.

DESIGNATED FEDERAL OFFICER

The Director, NIH, will assign a full-time or permanent part-time NIH employee to serve as the
Designated Federal Officer (DFO) of the NSABB. In the event that the DFO cannot fulfill the assigned
duties of the NSABB, one or more full-time or permanent part-time NIH employees will be assigned
these duties on a temporary basis.

The DFO will approve or call all of the NSABB and subcommittee meetings, prepare and approve all
meeting agendas, attend all Committee and subcommittee meetings, adjourn any meetings when it is
determined to be in the public interest, and chair meetings when directed to do so by the Director, NIH,
or the Director, OSP.

ESTIMATED NUMBER AND FREQUENCY OF MEETINGS

Meetings of the full committee will be held approximately two times within a fiscal year, and may be
convened on an as-needed basis, at the call of the NSABB Executive Director or DFO. Meetings of the
NSABB will be open to the public except as determined otherwise by the Secretary of Health and Human
Services (Secretary), in accordance with subsection (c) of section 552b of Title 5 U.S.C. Notice of all
meetings will be given to the public. In the event a portion of a meeting is closed to the public, as
determined by the Secretary, in accordance with the Government in the Sunshine Act (5 U.S.C. 522b(c))
and the Federal Advisory Committee Act, a report will be prepared which will contain, as a minimum, a
list of members and their business addresses, the Committee’s functions, dates and places of meetings,
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and a summary of the Committee’s activities and recommendations made during the fiscal year. A copy
of the report will be provided to the Department Committee Management Officer.

DURATION
Continuing.
TERMINATION

Unless renewed by appropriate action, the NSABB will terminate two years from the date this charter is
filed.

MEMBERSHIP AND DESIGNATION

The NSABB will consist of not more than 25 voting members, including the Chair. Members will be
appointed by the Secretary, HHS, in consultation with the heads of Federal departments and agencies
that conduct or support life science research. The Secretary, HHS, will designate the Chair. All members
will hold security clearances at the level of Secret or higher. Voting members are Special Government
Employees and as such serve in their individual capacity as subject matter experts. None of these
members serve as Representatives.

Areas of expertise to be represented on the NSABB, may include but are not be limited to:
Molecular Biology/Genomics

Microbiology (Bacteriology)

Microbiology (Virology)

Clinical Infectious Diseases/Diagnostics

Laboratory Biosafety and Biosecurity

Public Health/Epidemiology

Health Physicist/Radiation Safety

Pharmaceutical Production

Veterinary Medicine

Plant Health

Food Production

Bioethics

National Security

Military Biodefense Programs and Military Medicine
Intelligence

Biodefense

Law

Law Enforcement

Academia

Scientific Publishing

Industry Perspective

NIH Recombinant DNA Advisory Committee Experience/Perspective
Public Perspective

IBC perspective

Export Controls
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There may be non-voting ex officio members from each of the following Federal entities:
e Executive Office of the President
e Department of Health and Human Services
e Department of Energy
e Department of Homeland Security
e Department of Veterans Affairs
e Department of Defense
e Department of the Interior
e Environmental Protection Agency
e Department of Agriculture
e National Science Foundation
e Department of Justice
e Department of State
e Department of Commerce
e [ntelligence Community
e National Aeronautics and Space Administration
e Others as appropriate

Voting members will be invited to serve for overlapping terms of up to four years; terms of more than
two years are contingent upon the renewal of the NSABB’s Charter by appropriate action prior to its
expiration. A voting member’s term may be extended until a successor has been appointed.

A quorum for the NSABB and each of its subcommittees will consist of a majority of the appointed
members eligible to vote. The nonvoting agency representatives will not be counted in calculating a
quorum. Of the voting members, any who are recused from participating in an action on a particular
issue, (e.g., due to a conflict of interest), will not be counted in calculating the quorum. All votes relating
to any review of a recommendation by the NSABB will be open to the public unless the meeting has
been closed to the public in accordance with the Government in the Sunshine Act and the Federal
Advisory Committee Act.

SUBCOMMITTEES

As necessary, subcommittees and ad hoc working groups may be established by the NSABB Executive
Director or DFO to perform functions within the Committee’s jurisdiction. The advice/recommendations
of the subcommittee/working group must be deliberated by the parent advisory committee. A
subcommittee may not report directly to a Federal official unless there is statutory authority to do so.

Subcommittee membership may be drawn in whole or in part from the parent advisory committee. All
subcommittee members may vote on subcommittee actions and all subcommittee members count
towards the quorum for a subcommittee meeting. Ad hoc consultants do not count towards the
quorum and may not vote. The Department Committee Management Officer will be notified upon
establishment of each standing subcommittee and will be provided information on its name,
membership, function, and estimated frequency of meetings.
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years. However, once information is published, it is permanently available and retains its utility far into
the future. For this reason, the information risk relevant to the evasion of medical countermeasures should
be continually re-evaluated.

8.4.4.4 Enhanced Growth in Culture Affords Little Information Risk

As described in Section 8.4.3.2, strains with enhanced growth in vitro or in ovo can be used to produce
more agent to disperse from a weapon using the same amount of resources. However, even poorly
growing pathogenic strains can be grown in enough quantity with commonplace equipment to obviate the
growth of more to produce more casualties. In contrast, the use of contagious agents, by their nature,
increases the footprint (in terms of area affected and illnesses) by many orders of magnitude. For this
reason, publications on changes in this phenotype present very little information risk simply because the
GoF pathogens are contagious.

8.4.4.58u 'y of Possible Comparative Information Risk Arising from GoF Studies

Figure 8.2, below, provides an overview of the potential information risk of GoF research.

Dual-Use GoF Phenotype Seasonal/Pandemic Avian Influenza Coronaviruses
Influenza

Enhanced transmissibility in mammals

Enhanced pathogenicity in mammals

Enhanced transmissibility while
maintaining pathogenicity

Overcoming natural or induced
immunity

Evading diagnostics

Antiviral resistance

Enhanced production in cell culture or
€ggs

Figure 8.2. Possible information risk arising from dual-use information relevant to GoF research. White
denotes that no significant information risk exists. Dark shading denotes a significant information risk, albeit
a risk that is not unique to GoF research. No information risks unique to GoF research were found.

8.5 Overview of the State of the Science of Dual Use GoF Information

In this section, we discuss how the existing body of GoF research already describes methods to obtain
strains of influenza- and coronaviruses with GoF traits, regardless of their true utility to a weaponeer. We
synthesize these two pieces of information to arrive at our final conclusions. That is, this section describes
the GoF information risk already realized through the previous publication of dual use information. To
maintain this discussion at the full-and-open level we have not cited the specific papers at issue and have
instead provided these in an appendix at the For Official Use Only level. Here, we simply characterize the
state of the science and describe the seminal publications.

We first describe the state of the science for research on influenza and later describe the state of the
science for the coronaviruses. We discuss each GoF phenotype in turn. Most scientific publications
investigate morbidity and mortality simultancously, characterizing disease outcomes such as weight loss
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