Report of the IBC Subcommittee for Review of Potential Dual Use Research of Concern

A subcommittee of the University of Wisconsin-Madison Institutional Biosafety Committee (iBC)
was formed and charged with evaluating the dual use issues assoctated with the research of Dr.
Yoshiro Kawaoka, Professor, Department of Pathobiological Sciences, School of Veterinary
Medicine, University of Wisconsin-Madison. Each member of the subcommittee was provided with
the materials listed below. While this grant involves research using the reconstructed 1918
influenza virus, which is in itself a select agent and thus a bioterrorism risk, each member of the
subcommittee independently determined that the research did not meet the criteria for Potential
Dual Use Research of Concern {DURC) using the guidelines established by National Security Agency
Advisory Board {NSAAB). Additionally, each member of the subcommittee independently
determined that the described research provided considerable benefit to society. A report of the
subcommittee’s findings was presenied at the July 11, 2012 meeting of the IBC. The IBC voted
unanimously to accept the report. The specific aitns of the proposed research, background
information, and the response to each of the 7 criteria for DURC as outlined in “Proposed
Framework for the Oversight of Dual Use Life Sciences Research: Strategies for Minimizing the Potential
Misuse of Research Information” published by NSAAB Is given below along with a risk benefit analysis
of the proposed research,

The following individuals served as members of the subcommittee:

Susan E H. West, MS, PhD, is an Associate Professor of Microbiology, Department of Pathabiological
Sciences, School of Veterinary Medicine, University of Wisconsin, and has been a member of the
University of Wisconsin-Madison institutional Biosafety Committee since 2002. Dr. West has served as
Chair of the Institutional Biosafety Committee since 2009. Her research interests are the regulation of
virulence factor production by animal and human pathogens, molecular epidemiology of bacterial
pathogens, and early detection of Pseudomonas aeruginosa lung infections in children with cystic
fibrosis,

Matt Reynolds, PhD., is an Associate Scientist in the Department of Pathology and Laboratory Medicine
at the University of Wisconsin-Madison and has been a member of the University of Wisconsin-Madison
Institutional Biosafety Committee since 2010, His interests Include investigating the cellular immune
responses to Simian and Human Immunodeficiency Virus (SIV and HIV), pathogenesis of SIV/HIV
Infections, and SIV/HIV vaccine design. He has over 14 years experience working in BSL-3 facilities.

Kristen Bernard, DVM, PhD, is an Associate Professor of Virology, Department of Pathobiclogical
Sciences, School of Veterinary Medicine, University of Wiscansin, and has been a member of the
University of Wisconsin-Madison Institutional Biosafety Committee since lanuary 2010. Her research
interests include viral pathogenesis of mosquito-borne, emerging and zoonotic viruses. Dr. Bernard has
over 20 years experience working in BSL3 and ABSL3 facilities, including nine years with select agents,
Her current research requires the use of BSL3 and ABSL3 factlities, and she has FB! clearance to work
with select agents.

The subcommittee was provided the following materials:

1. Acopy of NI Grant ROLAI080598, “Molecular Mechanisms for the High Pathogenicity of
1918" awarded to Dr. Yoshiro Kawaoka, DVM, PhD

2. A copy of Dr, Kawaoka’s most recent Biosafety Protocol, which was approved unanimously by
the IBC.




3. Acopy of “Responsible Communication of Life Sciences Research with Dual Use Potential: 4 Set
of Communication Tools Excerpted from the NSABB's Proposed Framework for the Oversight of
Bual Use tife Sciences Research” published by NSAAB,

4, A copy of “Proposed Framework for the Oversight of Dual Use Life Sclences Research: Strategies
for Minimizing the Potential Misuse of Research Information” published by NSAAB,

Potenttal DURC Concerns: NIAID indicated that the entire grant should be evaluated.

Specific Alms of NIH Grant RO1AI080598:

The long-term goal of Dr. Kawaoka's research Is to understand the emergence of pandemic
influenza viruses such as the 1918 influenza virus. The 1918 Influenza virus caused the most devastating
outbreak of an Infectious disease on record.

Alm 1, Assess the
Alm 2. Assess the molecular features of HA that support the high virudence of the 1918 virus.
Alm 3. Assess the role of the 1918 virus replication complex in severe viral infection.

The basic approach taken In Aim 2 will be to JEEEGEGNGEGNGNGNEEEEEEEEEEEE
Aims 2 and 3 will study the rote of the HA protein (Aim 2) and the viral
replication complex {Aim 3} in 1918 virulence and pathogenicity. Studies in Aims 1-3 will also include an
assessment of host cell Immune responses that are known to be atypical in 1918 virus-infected animals
(19, 25). Collectively, the studies proposed in this application are designed to address two critical

questions in influenza virus research — why was the 1918 virus highly pathogenic and what is the risk
for emergence of another 1918-like virus?




Background:

Humans can be infected by influenza A, B and € viruses. So far all major outbreaks have been caused by
influenza A viruses. Infiuenza A viruses are further divided into subtypes hased on the antigenicity of their
hemagglutinin {HA) and neuraminidase (NA) glycoproteins. To date, 16 HA subtypes {H1-H16) and 9 NA subtypes
(N1-N9) have been identified. While viruses of all subtypes are maintained in avian populations, only those of the
H1-H3 subtypes have circulated widely in humans. Influenza A viruses possess eight negatlve-sense RNAs encoding
10-11 protelns. The virus particies are enclosed by a lipid envelope, derived from the plasma membrane of the
host cell. Three viral proteins, the surface glycoproteins hemagglutinin (HA), and neuraminidase (NA), ang the M2
jon channel, are embedded in the lipld merabrane. Underneath the lipid bilayer lies the matrix protein {M1), a
major structural protein, Within the virus shell are eight virat ribonucleoprotein (vVRNP} complexes, each composed
of viral RNA (VRNA) encapsidated by the nucleoproteln NP and the three components of the viral RNA polymerase
complex {PB2, PB1, and PA)}. The N51 proteln, which counteracts the cellular interferon response, is synthesized
from an unspliced mRNA, while a spliced mRNA gives rise to the NS2 (=NEP) protein, which mediates nuclear
export of VRNP complexes. In additlon, a protein {PB1-F2; encaded by the PB1 segment} has recently been
identified that may play a role in viral pathogenicity. (4, 6,32, 57).

In the last century, the world has experienced three influenza pandemics. Two of these pandemics were
caused by genetic reassortment, which occurs when one cell s infected with different viruses, resulting in progeny
viruses with varlous combinattons of gene segments derived from the parental viruses. The pandemic of 1857 was
caused when avian HA, NA, and PB1 genes were introduced into the genetic background of a human influenza
virus, The pandemic of 1968 was characterized by the introduction of avian virus HA and PB1 genes into the
human population (2a, 23, 27, 43). In addition, direct avian-to-human transmissions of highly pathogenic avian
H5N1 viruses since 1997 demonstrate the potential of avian influenza viruses to directly infect humans and cause
fatal disease (5, 46, ; reviewed In Ref. 55). For example, the available data suggest that the pandemic in 1918/1919
was caused by an avian influenza virus that became adapted to humans,

The influenza virus pandemic in 1918/1919 {as also called the 1918 pandemic’ or ‘Spanish influenza’} killed
an estimated 40-50 million people worldwide, making it the most devastating Infectious disease ever recorded,
This particular virus is unique in that it kllied healthy individuals in the prime of their Iife instead of the majority of
the victims being young or elderly as with other pandemics, Recently, the sequences of all eight RNA segments of
the 1918 pandemic virus were determined from preserved lung tissue of three of its victims (2,36-38, 48, 49).
Sequence analyses tdentified the pandemic strain as an HiN1 influenza A virus of avian origin {36, 39, 40, 47, 49).
Interestingly, the 1918 virus sequences do not contatn motifs associated with high virulence, such as multiple baslc
amino acid residues at the HA cleavage site (36). Reverse genetics has allowed Dr. Kawaoka and others {25, 52}; to
recreate the 1918 pandemic virus and to study the properties associated with its extraordinaty virulence, These
studies ldentified the HA and polymerase genes as important determinants of 1918 virus pathogenicity (26, 35, 52,
53).

Currently, It is not known which molecular features allow avian influenza viruses to replicate In and
transmit among humans, HA executes two functions in the early stages of the viral life cycle; receptor binding and
membrane fusion (reviewed In Ref. 56). The protein is synthesized as a single polypeptide precursor (HAG) that is
postranstationally cleaved Into HA1 and HA2 subunits {56). Cleavage of HA into two subunits Is required for
infectivity (12, 45), because It generates the hydrophaobic N-terminus of HA2 {also referced to as ‘fusion peptide’),
which mediates fusion between the viral envelope and the cellular membrane. The HAs of highly pathogenic avian
influenza viruses play a critical role in virulence as they typically contain a multibasic sequence at the cleavage slte,
which is recognized by ublquitous proteases and allows systemic infections {reviewed in Refs, 24, 45). The 1918 HA
does not possess this feature {36). Rather, it possesses a single arginine at the cleavage site, which 1s typically
recognized by proteases presentin a limited number of organs (such as respiratory organs), restricting viral
replication to those sites. Nonetheless, the 1918 HA gene itself confers high virulence when tested in the genetic
background of conventtonal human viruses in a mouse model {26, 35, 53, 53).




The recepior-binding specilicity of the HA protein s a major determinant in influenza viral host range
{reviewed in Refs, 18, 33). In general, human Influenza viruses preferentially bind to stalic acid-a2,6-galactose
{SAa2,6Gal), the predominant slalyloligosaccharide species on epithelial cells in the upper respiratory tract of
humans {44, 84). Dr. Kawaoaka demonstrated that avian viruses have higher affinity for sfalic acid-u2,3-galactose
{SAa2,3Gal), the major sialyloligosaccharide species in the avian intestinal tract {18a). it ts generafly assumed that
efficlent virus transmission among humans vill require the ability to recognize SAa2,6Ga), i.e,, human-type
receptors.

In addition to the receptor-binding specificity, viral replication can also be affected by receptor-binding
affinity (1), The three viral rolymerase protelns (PB2, PB1, PA), in comblination with NP, are responsible for the
transciiption and replication of the viral RNA genome. Recent findings suggest a rale for the viral replication
complex in influenza virus pathogenicity (8, 9, 13, 15, 16, 17, 30, 35, 41, 42, 52). For example, Lys at position 627 of
the PB2 proteln is a critical delerminant of avian vicus pathegenicity in mammalian species (15). Camponents of
the 1918 virus replication complex aflow the 1918 virus to grow more efficiently than a modern HIN1 virus in
human respiratory epithelial cells and animals motlels (35, 52).

The innate immune response is the first line of defense apainst viral Infections. Innate immune responses are
triggered by the Interaction of pathogens with ‘pattern recognition receptors’ {PRRs} that regulate the synthesis of
interferons and pro-inflammatory cylokines. Currently, two major families of PRRs are recognized — Toll-like
receplors (TLR) and RIG-I-like RNA helicases (RLH) {reviewed in Refs. 21, 22, 49}, A variety of TLRs exist that are
activated by different stimull and signal via different signaling pathways {reviewed in Refs, 21, 213, 22, 50), At
least two —TIR3 and TLR? - are activated upon influenza virus infection {7, 14, 28, 29, 31). TLR3 stimulation leads
to the activation of NFkB and the expression of pro-inflammatory ¢ytokines. TLR7 activation triggers the induction
of the adaptor protein MyD88 {myelold differentiation primary-response prolein 88), and tho subsequent
stimulation of pro-Inflammatory cytokines or type | IFN-stimuiated gene products. RIG--lke RNA helicases (RLH).
RIG- {retinolc acid-induclble protein 1) activation results in the stimulation of IFN responses and
eytokine/chemokine expression. The celular interferon (IFN) responses are a critical defense mechanism against
viral Infections {reviewed in Refs. 10, 11, 20), [FN-o and IFN-B are Induced upon viral infections, and stimulate the
activation of many genes that encode cellular factors with antiviral activities, and/for immunostimulatory functions.
Dr. Kawaoka's previous studies suggest that the 1918 virus induces fewer IFN-a genes than a contemporary human
influenza virus In nonhuman primates {25).

Twa classes of antivirals are effective against influenza: neuraminidase inhibitors oseltamivir and zanamivir)
and amantadanes (amantadine and rimantadine). Neuraminidase inhibitors are effective against both influenza A
and B strains; however, rare sporadic cases of resistance have been detacted in recent years. Neuraminidase
inhibitors competitively inhibit the action of the viral neuraminidase enzyme which cleaves sialic acid on the
surface of normal host cells. Thus, these drugs prevent new viral particles from being released by infected cells.
The amantadanes, which target the infieenza M protein, are only effective against inHuenza A strains; they are not
effective against influenza B strains. There is widespread resistance to the amantadanes and for this reason they
are no longer recommended for clinical use,

The 1918 pandemic was unprecedented In its severity and Its overall impact on life
expectancy. In light of the finding that
B i s <ssential to understand the features that define the pathogenicity of the 1918 virus.

B With the ability of influenza viruses to mutate rapldly and current global travel habits It Is
essential to the worldwide economy and public health that the risk of emergence of a virus with
properties similar to the 1918 influenza virus be determined,




Specifically, this research will establish I
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- Such information is urgently needed to assess and monitor the pandemic potential of
circulating avian influenza viruses. This information will also help regulatory agencies in their
assessment of circulating and newly emerging strains and the need for emergency
preparedness measures to reduce the consequences of a worldwide influenza pandemic caused
by a 1918-ike virus. For example, appropriate vaccines will need to be developed and
distributed. This is a time consuming process that can take many months. Additionally, in
addition to minimizing the spread within a localized community by closing schools and
workplaces, extreme measures, such as prohibiting travel between countries, would need to be
put In place to prevent the virus from rapidly spreading around the world. Such measures
would have a significant impact on the world’s economy. In summary, the likelihood of the
emergence of a 1918-like virus Is fairly high.




Criterion for identifying Dual Use Research of Concern

Research that, based an current understanding, can be reasonably anlicipated to provide knowledge, products, or lechnologies that could ba
directly misapphied by otheis (o pose o theeat to public health and safety, agdculture, plants, animals, the enviconment, or materiel, The
NSABD categories are knowledge, prodiets, or tethnologies that could enable any of the following:

1,

Enhance the harmful cansequences of a biological agent or toxin. The rationate for this category is that
enhanclag the pathogenic consequences of an agent of toxin could Increase the fikelihood of disease and compromise the ability to reat
the diseasels) they cause if extant therapeulics are no longer effective.

in this propoesal, reassortants, chimeras, and site-directed mutants will be constructed, using a
1918 influenza vires and | 7/ /o rcniol and
engineered influenza viruses will then be tested In alf three aims of the proposal to identify genes,
regions, and specific amino acids thot are important in the virulence and transmission of the highly
virulent 1918 influenza virus. The techniques for generating these reassortants, chimeras, and site-
directed mutants have been in the public domain for many years.

0. AlM I Dr. Kawaoka proposed to investigote

b, AIM fi: Dr. Kowaoka proposed to study the features of HA ossociated with the high virulence of 1918
inffuenza by investigoting its glycosylation pultern and fusion kinetics. Part of their analysis will entail
constructing HA hybrids by Inserting successively lurger fragments of HA from « closely related but low
pathogenic swine Influenza virus into the 1918 HA. The HA hybrids will be tested in both 1818 influenza
and o cantempaorary HINI {K173) background. (Influenza strain AfKowosakif173/2001 (K173} isa
human isolate that has low pathogenicity and does not kilf mice.} it is anticipated that the 1918 chimeric
viruses will be attenualed in comparison to the parental 1918 Influenza strain. Conversely, itis
anticipated that the K173 chimerfc viruses vill gain-virvience but not become highly pathoegenic,

¢ AIM I Dr. Kawgoka proposed to investigate the rofe that the virus replication complex plays In the
severe pathogenesis of 1918 influenza. They will construct chimeric viruses cantaining olf combinations
of the 1918 replication complex genes {PB2, PBI, PA, ond/or NP} in the K173 background. They will
further characterize the regions or specific amino acids in the 1918 replication complex responsibile for
increased replication, Once identified, they will construet chimeric 1918/K173 viruses with hybrid
proteins in the replication complex, They wilf do this in both the 1918 und K173 backgrounds. It is
anticipoted thed the chimetle K173 viruses will display vorying degrees of increased replicative capacily
in comparison to the parental K173 straln but wili not become highly pathogenlc. Conversely, it is
anticipated that the chimeric 1918 viruses containing segments of the K173 replication complex will be
altenuoted in comparison to the parental chimeric 1918 strain.

The engineered viruses are expected to be attenuated or of equal virulence compared to the

parental 1918 Influenza virus. Thus, the subcommittee befleves that this research will not enhance
the harmful consequences of the parental 1918 virus, The subconunittee does acknowledge that it
Is extremely doubtful that o more pathogenic straln would be constructed. It should be noted that




afl of these experiments are conducted at BSL.3AG which mitigates the risk associated with such an
unlikely circumstance. Should there be an increase in virulence, UW-Madison would reconsider for
potential DURC,

Disrupt immunity or the effectiveness of an immunization without clinical and/or agticultural

justiication, The rationale for this categary Is that immunlty s a key component in a host's defense against pathogens
and toxins, thus rendering an immunization Ineffective or disrupting immunity could have harmful consequences for
public heaith, agricultural crops and other plants, and animals.

The proposed research will examine the immune response to the parental 1918 and engineered
influenza viruses, but will not disrupt the host immune response in any way. Prefiminary resuits
suggest an over reactive immune response contributes to the severity of 1918 pathogenesis. it is
anticipated that the chimeric viruses constructed in this study will decrease the severity of disease
and increase the ability of the host immune system to deal with the virus in comparison to the
parental 1918 influenza strain. Specifically, the HA protein, one of two major antigenic
determinants in vaccines, will be mutated in the proposed research. However, the current seasonal
vaccine does not include the 1918 or avian Influenza viruses; therefore, changes in the HA protein of
these viruses will not affect the current annual seasonal influenza vaccines. In the case of an
accidental or intended release of the engineered influenza viruses, the mutant HA could be used to
generate new vaccines as is done for the production of the annual seasonal influenza vaccines. For
the above reasons, the subcommittee belfeves that this research will not disrupt immunity or the
effectiveness of an immunization strategy.

Confer to a blological agent or toxin, resistance to clinically and/or agriculturally useful
prophylactic or therapeutle Interventions against that agent or toxin or facilitate thelr abllity to

evade detection methodologies. The main concept is that anything that might compromise the abllity to detect,
treat, or prevent disease or iliness (human or agricultural) caused by blological agents or toxins could result in a significant
publtc health andfor economic burden,

There are two approved prophylactic/therapeutic classes of antivirals against influenza virus.
One class {amantadanes, e.g. amantadine] targets the matrix 2 protein, and the other class
(neuraminidase inhibitors, e.g. oseltamivir) targets the neuraminidase protein. Neither protein
target will be mutated in the proposed research. Furthermore, the rapld diagnostic tests for
influenza are designed to detect alf influenza viruses (influenza A or influenza A and B viruses);
therefore, these assays would be expected to Identify the engineered influenza viruses in this
proposal, Celf culture and broadly reactive RT-PCR assays would also be expected to identify all
Influenza viruses. For the above reasons, the subcommittee believes that this research is unlikely to
confer influenza virus with resistance to prophylactic/therapeutic interventions or to facilitate the
abitity of influenza virus to evade detection.

Increase the stability, transmissibility, or the ability to disseminate a biological agent or toxin. The
rationate for this category is that increasing an agent’s stabllity, transmissibliity, or abllity to disseminate couid facilitate
the purposeful malevolent use of a blological agent or toxin and Increase the rate or ease by which an agent coutld spread,
impeding attempts to contaln disease outbreak.




6.

Transmission will be examined for the 1918 and engineered influenza viruses in order to
fdentify important genetic determinants. In Aims | and Il of the study Dr. Kawaoka will

in Aim Il of the study Dr. Kawaoka will construct
chimeric viruses containing all combinations of the 1918 replication complex genes (PB2, PB1, PA,
and/or NP} in the K173 background. Additionally, they will construct chimeric viruses with hybrid
1918/K173 replication complex proteins in both the 1918 and K173 backgrounds. Replacing afl or
parts of 1918 influenza replication complex with the comparable K173 fragments is anticipated to
decrease the transmissibifity of the chimeric viruses In comparison to the parental 1918 influenza.
There are no proposed studies to select for greater trensmissibijity, stability, or dissemination
properties of these viruses, and it is very unlikely that the engineered influenza viruses will have
enhanced properties over the parental 1918 virus. For the above reasons, the subcommittee
believes that this research is unfikely to result in an engineered influenza virus with greater stability,
transmissibility or ability to disseminate.

Alter the host range or tropism of a biological agent or toxin. The rationale for this category Is that altering
the host range or troplsm of a pathogenic agent or toxin could endanger 2 host population that normally would not be
susceptible,

A unlgue feature of 1918 influenza is its relatively broad host and tissue distribution In
comparison to other infivenza isolates, influenza viruses naturofly infect humans, pigs, and birds.

In this proposi, studies will examine viral

determinants of binding, fusion, and replication in host cells, These functions contribute to host
range/tropism; however, it is very unfikely that the engineered influenza viruses will have enhanced
host range/tropism compared to the parental 1918 virus,

in Aim H of the study Dr, Kawaoka will construct 1918 influenza HA hybrids with contemporary
lfow pathogenic HA fragments.  In Aim Il of the study Dr. Kawaoka will chimeric viruses containing
all combinations of the 1918 replication complex genes (PB2, PB1, PA, and/or NP}in the K173
background. Additionally, they will construct chimeric viruses with hybrid 1918/K173 replication
complex proteins in hoth the 1918 and K173 backgrounds, Replacing all or parts of 1918 influenza
replication complex with the comparable K173 fragments is anticipated to have no impact on host
range or cell tropism since these gene segments are not associated with cell attachment.

Enhance the susceptibility of a host population, Information about rendering host populations more
susceptible to the pathogenic consequences of an agent or toxin could be used (o compromise immune responses and
enable the acqulsition and spread of disease on an epldemic scale.

The proposed research will not involve enhancing the susceptibility of the host population. In
Aim | of the study Dr, Kawaoka wilf




is anticipated to decrease the
susceptibility of humans to infection or severe diseuse in comparison to the parental 1918 influenza.
In Aim il of the study Dr. Kawooka will construct 1918 influenza HA hybrids with contemporary low
pathogenlc HA fragments. Replacing ail or parts of the 1918 influenza HA with the comparable low
pathogenic HA fragments are anticipated to decrease the susceptibifity of humans to infection or
severe disease in comparison to the parental 1918 influenza. In Aim I of the study Dr. Kowaoka will
construct chimeric viruses containing afl combinations of the 1918 replication complex genes (PB2,
PB1, PA, and/for NP) in the K173 background. Additionally, they will canstruct chimeric viruses with
hybrid 1918/K173 replication complex protelns in both the 1918 and K173 backgrounds. Replacing
all or parts of 1918 influenza replication complex with the comparable K173 fragments is
anticipated to decrease the susceptibliity of humans to infection or severe disease In comparison to
the parental 1918 influenza, For the reasons listed above we do not befleve that the proposal will
enhance the susceptibility of host populations to 1918 influenza.

Generate a novel pathogentc agent ot toxin or reconstitute an eradicated or extinct hiological

agent. The rationale for this category is that host poputations may not he immune to novel agents and reconstituted
aradicated agents and there niay not be existing disgnostics or knowin or widely available prophylaxes or therapeutics for
such agents.

The proposed research uses the 1918 influenza virus, which was previously constructed from an
Mextinct® virus, The studies to construct this virus were already published by the investigator and
others., The 1918 influenza virus ltself poses a pandemic threat If It was accidentafly or Intentionally
refeased:; however, as discussed above, the current dingnostics and therapeutics would be effective.
In this proposal,

however, it is very uniikely that any of the
engineered infhuenza viruses will be more virulent than the parental 1918 influenza virus, which
currently exists in secure laboratory facilities. Furthermore, the recanstruction of the 1918 influenza
virus was already published. New publications from the proposed research may include the
identification of virulence determinants for the 1918 influenza virus. The question then is whether
this information could be used to render another influenza virus more virulent. Most likely the
virulence determinants would have to be in the context of the closely refuted fow pathogenic avian
Influenza virus. This is a similar situation to the recent controversial transmission study.

in Aim | of the study Dr. Kawaoka will

The constructed virus is also likely to remain sensitive to antivirols used to treat
or prevent influenza infection. A key part of this portion of the study is to compare the
pathogenicity of the 1918 influenza virus to, expectedly, lower pathogenic chimeric viruses

Dr. Kawaoka and colfeagues will be
using reconstituted 1918 pandemic influenza In this study for comparison to their constructed
viruses. This group has the facilities (BSL3AG} and experience to work safely with this virus. The
chimeric viruses with the 1918 influenza buckground are expected to be less pathogenic than the
parental strain. In Aim If of the study Dr, Kawaoka will construct 1918 influenza HA hybrids with
contemporary low pathogenic HA fragments. Both 1918 influenza and K173 are susceptible to
neuraminidase Inhibitors and to amantadanes. Replacing all or parts of 1918 influenza HA with the
comparable low pathogenic HA fragments will not affect the susceptibllity of 1918 Influenza to




either neuraminidase inhibitors or amantadanes as these antivirals target either the neuraminidase
and M protein, respectively. Conversely, inserting all or portions of 1918 influenza HA into K173 will
not affect Its susceptibility to either neuraminidase Inhibitors or amantadanes. (Please see the
Background Section for additional information on influenza anti-virals and the response to Question
3 above). In Aim Il of the study Dr. Kawaoka will construct chimeric viruses containing oll
combinations of the 1918 replication complex genes (PB2, PB1, PA, and/or NP} in the lowly
puthogenic K173 background. Additionally, they will construct chimeric viruses with hybrid
1918/K173 replication complex proteins in both the 1918 und K173 backgrounds. Both 1918 and
K173 are susceptible to both neuraminidase inhibitors and amantadanes. Thus, replacing alf or
parts of the 1918 influenza replication complex with the comparable K173 fragments will not affect
the susceptibility of the 1918 influenzo virus to either neuraminidase inhibitors or amantadanes as
these drugs target neuraminidase and M protein, respectively. Conversely, insertion of 1918
influenza replication complex genes into K173 will not affect its susceptibility to neuraminidase
inhibitors or armantadanes. . Dr. Kawaoka and colleagues will be using reconstituted 1918
pandemic influenza in this portion of the study for comparison to their constructed viruses. This
group has the facilities and experience to work safely with this virus. The chimeric viruses with the
1918 influenza background are expected to be less pathogenic than the parental strain.

For the above reasons, the subcommittee belfeves that this research will not generate a novel
more pathogenic strain of influenza virus that has become resistant to current anti-viral therapy.
Rather, the described research will provide essential information for monitoring naturally evolving
variants of influenza virus for the potential development of a nhaturally occurring highly virulent
pandemic strain of influenza.




Risk versus Benefit Assessment

Could this research yield information that could he intentionaliy misused to threaten publlc
health and safety or othet aspects of natlonal securlty?

The proposed research is unfikely to provide any additional information that could be intentionally
misused to threaten public health and safety. The 1918 pandemic strain has been recreated and
sequenced.

The proposed research will provide information that will identify the features that define the
pathogenicity of the 1918 virus and will help determine the risk of emergence of a virus with
properties similar to the 1918 influenza virus. This information is essential to developing strategies
to minimize the public health and economic risks associated with an outbreak caused by an
Influenza virus similar to the 1918 virus. The measures that would need to be developed are
identification of viruses to include In a protective vaccine and production and stockpiling of
ADEQUATE quantities of the vaccine. Additionally, adequate stockpiles of effective antivirals would
be required as well as the implementation of particularly stringent public health measures. These
are SIGNIFICANT undertakings, Either failure to react in a preventive manner or, likewise, an
overredaction to a minimal threat could have a significant impact on the world economy and public
heaith. Thus, the information that will be obtained from Dr. Kawaoka's research is essential to
making an informed risk assessment as to the re-emergence of u 1918 like influenza virus.

What Is the nature of that information?

The proposed research will provide information that will identify the features that define the
pathogenicity of the 1918 virus and will help determine the risk of emergence of a virus with
properties similar to the 1918 influenza virus.

Is the Information novel?

The research does describe the construction of chimeric strains of influenza viruses. Construction of
chimeric vaccines by reverse genetics is & well-established techinique used by the influenza
community. Additionally, reassortant influenza viruses occur naturally and are responsible for the
continuing evolution of influenza viruses. Thus, the methods used are not novel, The nucleotide
sequence of the pandemic 1918 virus Is known.

Is the Informatlion appllcable to other, perhaps common, organisms, biologics, ete.?

No, the research is specific to influenza viruses.

Could the information be directly misused to pose a threat? For example, even if the information
would need to be combined with other Information/technologtes in order to pose a threat, is
that other information/technology currently available?

Information that aiready is in the public domain is sufficient to pose a threat. The proposed research
will not add new information that is likely to increase that threat,
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Does the information need to be combined with other Information to pose a threat?

To pose a threat this information would need to be combined with a highly sophisticated knowledge
of molecular biology technigues, protein chemistry, and influenza pathogenesis, Additionally, highly
sophisticated laboratory facilities would be required,

If s0, is that other information already available?

Information that already is in the public domain is sufficient to pose o threat. The proposed research
will not add new information that is likely to increase that threat,

What Is the nature of the threat that could be posed from intentional misapplication of the
information, and what are the potential consequences?

Information that already is in the public domain is sufficient to pose a threat. The proposed research
will not add new information that is likely to increase that threat.

What Is the potential nature (e.g., economic, agricultural, public health, and/or public terror),
and what is the potential impact of the threat?

The University of Wisconsin-Madison is not in the position to determine the nature and impact of a
potential threat.

What Is the scope of the potential threat {i.e., how many/which people, plants, animals might be
advarsely affected)?

The University of Wisconsin-Madison is not in the position to determine the scope of a potential
threat,

Are there currently countermeastires for this threat?

The following countermeasures to a threat from influenza are prior vaccination with an efficacious
vaccine and/or the administration of appropriate antivirals.

12. What type of technical expertise and/or physical resources would be needed to apply the

13

-

information for malevolent purposes?

Information that already is in the public domain is sufficient to pose a threat. To pose a threat the
new information that will be obtained from this proposal would need to be combined with a highly
sophisticated knowledge of molecular biology techniques, protein chemistry, and influenza
pathogenesis. Additionally, highly sophisticated luboratory facilities would be required.

In what timeframe might the Information be misused? is there concern about immediate or near-
future potential use, or is the concern about misuse in the distant future?
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The University of Wisconsin-Madison is not in the position to determine when this information could
be used for a potential threat.

Would It require a tow or high degree of technical skill and sophistication to use the dual use
information for harmful purposes?

The proposed new information to be generated in the grant proposal would require a high degree of
technical skill and sophistication, as well as special facilities including appropriate biological
containment, if it is to be adapted for a harmful purpose

15. Could this research yield information that could potentially benefit the life sciences and/or public

health and safety and other aspects of national security?

This research will yield Information that could potentially benefit worldwide public health and safety.
The research was undertaken to determine the risk of emergence of a virus with properties similar to
the 1218 influenza virus.

A.  1¥s0, what Is the nature of that information?

The proposed research will provide information that will identify the features that define the
pathogenicity of the 1918 virus and will help determine the risk of emergence of a virus with
properties similar to the 1918 influenza virus.

B. What Is the nature of the potential beneflt? The proposed research will determine the
likelihood of an influenza virus similar to the 1918 pandemic strain of emerging naturafly. This
research may also provide information about the specific characteristics of the 1918 virus that are
associated with its high level of pathogenicity.

C. How much of a benefit might there be? This information is essential to developing strategies
to minimize the public health and economic risks associated with an outhreak caused by an
influenza virus similar to the 1918 virus. The measures that would need to be developed are
identification of viruses to include in a protective vaccine and production and stockpiling of
ADEQUATE quantities of the vaccine. Additionally, adequate stockpiles of effective antivirals would
be required as well as the implementation of particularly stringent public heaith measures. These
are SIGNIFICANT undertakings. Either failure to react in a preventive manner of, fikewise, an
overreaction to a minimal threat could have a significant impact on the world economy and public
heaith. Thus, the information that will be obtalned from Dr. Kawaoka's research is essential to
making an Informed risk assessment as to the re-emergence of a 1918 like influenza virus to
ensure that adequate supplies of vaccines and anti-virals are avallable as well as adequate
planning for massive shutdowns of schools, basic services, travel, and businesses, It is difficult to
comprehend the negative effects of a world-wide pandemic caused by a naturally evolved influenza
straln similar in pathogenicity to the 1918 pandemic straln.

16. Do the potential risks outwelgh the potential henefits?

it is the belief of the IBC subcommittee that the benefits to human health that will be obtained from
this research will far outweigh any potential harmful benefits.
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i not, determine applicable risk management strategles,

No new risk munagement strategies are needed, The Kawaoka laboratory is part of the
University of Wisconsin-Madison’s Select Agent program which is a registered entity with the
CDC and APHIS.. The luboratory is regularly inspected by the University of Wisconsin Select
Agent Program, COC and APHIS. . The Kawaoka laboratory is housed in a dedicated stand-alone
facility with multiple containment suites that were designed specifically for work with influenzo
viruses. This facility was most recently inspected and approved by the COC and APHIS in February
2012, As a rule the University does not discuss biosecurity measures used in its select agent
facilities, but we can assure the facllity is monitored extensively. The work described in this grant
is performed under BSL-3Ag conditions. Personnel working In Dr. Kawaoka’s laboratory have
undergone the Select Agent FBI background checks and are trained extensively before working in
the containment facilities. In addition each researcher has undergone traiping for the NIH
Guidelines for Recornbinant DNA Guidelines. Additionally, the Kawaoka Laboratory biosafety
protocol is reviewed at a minimum of every three years and more frequently if there are either
changes to the research protocol and/or administrative changes. In the last three years alone,
Dr. Kawaoka’s influenza biosafety protocol has been revised and reviewed by the I1BC eighteen
times,

if so, consider whether the research should be modified or discontinued,

Not applicable. The research should not be modified or discontinued.
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