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immunological data on viruses with perceived 
pandemic potential and ample lead time for pro-
duction (Jennings et al., 2008, Keitel and Piedra, 
2014). The substantial diversity of known influenza 
viruses in non-human hosts, and the frequent iden-
tification of new viruses, makes extensive exper-
imental testing and development of pandemic 
preparedness measures against all viruses unfea-
sible. Thus, there is a need for continuing attempts 
to assess the pandemic risks posed by non-human 
viruses in order to prioritize viruses of concern 
for pandemic preparedness planning. Currently, 
influenza pandemic risk assessment is largely 
driven by a simple idea: animal viruses that cause 
sporadic human infections are thought to pose a 
greater pandemic risk than viruses that have not 
been documented to infect humans (Figure 1). 
This intuitively attractive idea does not have direct 
empirical support, as none of the viruses that 
caused the 1918, 1957, 1968, or 2009 pandemics 
was detected in humans before they emerged in 
their pandemic form (Smith et al., 2009). This is 
largely due to a lack of surveillance (1918, 1957, 
and 1968 pandemics) and to the mistaken assump-
tion that virus subtypes already circulating in 
humans were unlikely to cause pandemics (2009 
pandemic) (Peiris et al., 2012). However, increased 
surveillance has probably improved the chance 
that the next pandemic virus will be identified 
prior to sustained human-to-human transmission.

If it is true that influenza surveillance has the 
possibility of identifying potential pandemic viruses 
before they begin to spread extensively between 
humans, then improving the basis for assessment 
of the risks posed by those viruses is an important 
goal. The level of public health concern about 
identified non-human influenza viruses should be 
a function of the potential of each virus to gain 
the ability to transmit efficiently from human to 
human and the severity of disease that such a 
virus would cause should it become pandemic. 
These two high-level phenotypes are each deter-
mined by the interaction of a number of biochem-
ical traits of the virus during human infection 
(Figure 2) (Chou et al., 2011, Hatta et al., 2001, 
Kobasa et al., 2004, Labadie et al., 2007, Yen 
et al., 2011), the state of immunity to that influ-
enza virus in human populations at the time of 
emergence (Miller et al., 2010, Xu et al., 2010), 
and by environmental factors such as tempera-
ture and humidity (Shaman et al., 2011).

Currently, the primary tool that uses multiple 
data streams for assessing pandemic risk is the 
Influenza Risk Assessment Tool (IRAT) (Cox et al., 
2014, Trock et al., 2012). The IRAT integrates 
existing knowledge, including information on virus 
transmissibility and disease severity, with expert 
opinion about potential pandemic viruses to  
assign relative risk scores to those viruses. The IRAT 
is useful for identifying key gaps in knowledge, 

Figure 1. Evidence for concern and actions to mitigate influenza pandemics. Types of evidence that have been, or could be, used to justify specific 
preparedness or mitigation actions prior to evidence of sustained human-to-human transmission, largely based on the authors' interpretation of national 
and international responses to H5N1, H7N9, and H3N2v outbreaks (Epperson et al., 2013, WHO, 2011). Red indicates largely sufficient, orange partly 
sufficient, yellow minimally sufficient, gray insufficient. * high pathogenicity phenotype as defined by the World Organization for Animal Health (OIE)
(OIE, 2013).
DOI: 10.7554/eLife.03883.002
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focusing risk management efforts, and pro-
viding clear documentation of decision ration-
ales. However, to be used optimally, the IRAT 
requires a substantial amount of experimental 
data about virus phenotypes including information 
on receptor binding, transmissibility in laboratory 
animals, and antiviral treatment susceptibility. 
In the absence of phenotype data, preliminary 
assessments with the IRAT must rely on extrapo-
lations from related viruses, which are prone to 
subjective interpretation.

The biochemical traits that determine virus 
phenotypes are themselves determined by the 
genetic sequence of the virus (Figure 2). In theory, 
it might eventually be possible to predict virus 
phenotype directly from virus sequence data. 
However, the complexities of the relationships 
between sequences and traits and from traits to 
disease phenotypes, make the prediction of pan-
demic potential from genomic sequence a tre-
mendous challenge. Here, we discuss ways in 
which laboratory experiments, together with com-
putational and theoretical developments, could 
improve genotype-to-phenotype prediction and, 
in conjunction with enhanced surveillance, improve 
assessment of the risks posed to humans by non-
human influenza viruses.

Experimental approaches
One goal of experimental studies on non-human 
influenza viruses is to identify general virus traits 
that are likely to affect transmissibility between 
humans, and then relate those traits to specific 
virus sequence changes. For obvious reasons, direct 
experimental assessment of human-to-human 

transmission of potential pandemic viruses is 
not feasible. However, influenza viruses that have 
caused pandemics in humans have been shown 
to transmit efficiently in animal models (most 
commonly ferrets) (Chou et al., 2011, Yen et al., 
2011), thus animal models are thought to be 
useful for examining the genetic changes in viruses 
that facilitate human-to-human transmission. For 
example, several studies have shown that genetic 
changes in the neuraminidase (NA) and matrix 
(M) gene segments acquired by the virus lineage 
responsible for the 2009 H1N1 pandemic increased 
transmissibility in animal models (Chou et al., 2011, 
Lakdawala et al., 2011, Yen et al., 2011), sug-
gesting that these changes may have played a 
role in enhancing the virus's transmissibility in 
humans and hence paved the way for pandemic 
emergence. When animal experiments provide 
quantitative measures of virus traits, these can 
be integrated into quantitative measures of risk 
assessment such as the IRAT (Trock et al., 2012).

Recently, several high-profile and controver-
sial gain-of-function (GoF) studies have attempted 
to go beyond the characterization of existing 
viruses to prospectively identify new mutations 
in avian H5N1 viruses that enhance the ability of 
these viruses to transmit between ferrets by the 
airborne route (Chen et al., 2012, Herfst et al., 
2012, Imai et al., 2012, Zhang et al., 2013). 
Important questions about the relative risks and 
benefits of these studies have been debated exten-
sively elsewhere (Fauci, 2012; Fouchier et al., 
2013; Lipkin, 2012; Casadevall and Imperiale, 
2014; Lipsitch and Galvani, 2014); here, we focus 
on scientific considerations.

Figure 2. Schematic of potential relationships from virus genetic sequence to level of public health concern/pandemic risk. Pandemic risk is a combina-
tion of the probability that a virus will cause a pandemic and the human morbidity and mortality that might result from that pandemic. Arrows represent 
possible relationships between levels and are not intended to summarize current knowledge.
DOI: 10.7554/eLife.03883.003
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Because of the vast size of genetic space, such 
studies cannot possibly delineate all genetic vari-
ants of a virus that might be transmissible—after 
all, there are more than 1018 different possible 
five-mutation variants of any given hemagglu-
tinin (HA), which is more than what can reason-
ably be assayed experimentally and the vast 
majority will not facilitate transmissibility. A more 
modest goal is to attempt to associate classes of 
genetic or phenotypic traits with transmissibility. 
Transmissibility traits identified by GoF studies 
to date include some that were already known 
(such as switching receptor binding from avian-
like α2,3 sialic acid to human-like α2,6 sialic acid 
linkages (Yamada et al., 2006) and lowering 
the optimal temperature for viral polymerase 
activity (Massin et al., 2001)), as well as some 
that are new, such as increasing HA stability and 
reducing glycosylation on HA's globular head 
(Herfst et al., 2012, Imai et al., 2012). Whether 
these traits are either necessary or sufficient for 
transmissibility among humans or even other 
mammalian animal models remains unclear. For 
example, a recent study of an avian H5N1 virus 
found that by reassorting its internal genes with 
those of a 2009 pandemic virus, the virus could 
be rendered transmissible in guinea pigs (which 
have both α2,6 and α2,3 sialic acid in the upper 
respiratory tract) despite retaining a preference 
for binding α2,3 sialic acid. However, when muta-
tions identified in earlier ferret GoF experiments 
were used to switch the receptor specificity to 
α2,6 sialic acid, transmissibility was lost (Zhang 
et al., 2013).

A key question for efforts to assess pandemic 
risk of non-human viruses is the degree to which 
certain substitutions are general markers for a 
phenotype, or whether the impacts of those muta-
tions are dependent on genetic context and/or 
specific non-human host. Some mutations have 
been shown to be strong markers for pheno-
type for well-defined collections of viruses—for 
instance, the NA mutation H275Y consistently 
confers oseltamivir resistance on N1 neuramini-
dases (although the impact of the mutation on 
surface expression of NA, and thus virus fitness, 
varies dramatically) (Baz et al., 2010, Bloom  
et al., 2010). Similarly, the PB2 E627K substitu-
tion adapts the viral polymerase to mammalian 
cells in some viruses (Long et al., 2013) but not 
others (Herfst et al., 2010), while other viruses 
have adapted to mammals via different substi-
tutions in PB2 (Jagger et al., 2010, Mehle and 
Doudna, 2009; Zhu et al., 2010). In many cases, 
the effect of mutations can be highly sensitive 
to genetic context—for instance, the effects of 

cytotoxic T-lymphocyte escape mutations on 
nucleoprotein (NP) function depend on the sta-
bility of the parent protein, which can be affected 
by at least dozens of other mutations (Gong  
et al., 2013). Similar patterns of context depend-
ence have recently been shown for receptor 
binding specificity substitutions in H5N1 viruses 
(Tharakaraman et al., 2013). Therefore, even 
when phenotypic traits of interest can be identi-
fied, clear genetic markers for these traits are 
only present in some cases.

The utility of experimental studies for inform-
ing surveillance for higher-risk viruses hinges on 
the question of whether virus traits associated 
with risk of infection and transmission in humans 
possess clear genetic markers. If a trait only arises 
from a limited number of specific mutations or 
combination of mutations, then experimentally 
delineating these mutations would be helpful 
for surveillance. For these cases, it is important 
and useful for the community to have access to 
collections of interpretable genotype to pheno-
type traits such as in the H5N1 genetic changes 
inventory (http://www.cdc.gov/flu/avianflu/h5n1-
genetic-changes.htm) as well as computational 
tools to quickly connect new sequences to the 
body of available mutation annotation knowledge 
(FluSurver: http://flusurver.bii.a-star.edu.sg/). On 
the other hand, if a trait can be conferred by a 
large number of different mutations or combi-
nations of mutations, then it will be less effec-
tive to monitor specific mutations. In such cases, 
it may be more beneficial to focus on the broader 
biochemical properties of viruses or their pro-
teins. Developing laboratory capacity for rapid 
phenotype assessment would therefore be a val-
uable complement to high-throughput sequenc-
ing of new viruses. Moving forwards, if such 
biochemical traits can be clearly delineated and 
reliably modeled, then computational simulation 
of proteins could be used to predict phenotype 
from sequence, even for sequences from viruses 
that have never been experimentally tested.

Computational predictions
Computational methods present an attractive 
adjunct to experimental studies because they 
have higher throughput, have shorter turnaround 
times, are cheaper, and are safer than experi-
mental work with whole virulent viruses. The main 
drawback of computational methods is the largely 
unknown accuracy of their predictions—a draw-
back that is exacerbated by the lack of an estab-
lished framework for validating the accuracy of 
the numerous computational prediction methods 
that populate the literature.
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The elements of influenza pandemic risk assess-
ment that are most amenable to computational 
prediction are those that correspond to well-
defined, quantifiable molecular-scale traits such 
as receptor-binding preference, antiviral suscep-
tibility, antigenicity of HA and NA, and possibly 
T-cell epitopes. Higher-level phenotypes such as 
transmissibility, that integrate phenomena at a 
range of scales, are not yet sufficiently well under-
stood to be reasonable targets for computational 
predictions. A variety of computational methods 
shows promise for genotype-to-phenotype pre-
diction including molecular dynamics simula-
tions that combine high- and low-fidelity models 
(Amaro et al., 2009) and statistical learning 
approaches that use protein structure, dynamics, 
and sequence data to predict the phenotypic 
consequences of mutation (Kasson et al., 2009). 
However, better prospective validation of these 
tools against experimental data, particularly for 
exploring context dependency of genetic changes, 
is essential before these tools can be reliably used 
for informing public health decisions or policy-
making (Figure 1).

Making substantial progress in the develop-
ment of computational tools and the assess-
ment of their accuracy will require collaboration 
between experimental and computational scien-
tists to produce consistent testing and validation 
data. One possible mechanism to spur cooper-
ation would be a series of regular community 
assessment exercises similar to Critical Assessment 
of protein Structure Prediction (CASP) (Moult 
et al., 2011). In a CASP-like exercise, one or more 
experimental groups would generate quantita-
tive phenotype data for a set of viruses, for exam-
ple the relative binding of α2,3-sialoglycans and 
α2,6-sialoglycans, pH profile of viral activation, or 
sensitivity to oseltamivir, and challenge computa-
tional groups to predict that virus phenotype 
data from the genetic sequences of the viruses 
tested. The quantitative experimental data would 
be held under embargo while the exercise runs. 
Computational groups would complete predic-
tions for these targets, the experimental data set 
would then be released, and a meeting would be 
held to assess the performance of different meth-
ods to define avenues for improvement.

Ideal experimental data sets for CASP-like 
exercises include thermophoretic or interfero-
metric measurements of HA binding affinities to 
α2,3- and α2,6-sialoglycans (Xiong et al., 2013) 
and multi-method characterizations of viral pH 
activation shifts for sets of point mutants in HA 
(Galloway et al., 2013, Thoennes et al., 2008). 
Reliable computational prediction of biochemical 

traits from genetic data would be a major accom-
plishment. However, it should be recognized that 
further major developments, particularly com-
putational prediction of total virus fitness in new 
hosts, would still be required for realizing the 
utility of computational tools in policymaking.

Evolutionary theory and modeling
In addition to the genotype–phenotype rela-
tionship itself, there is a need for better under-
standing of the evolutionary mechanisms and 
pathways that allow adaptive mutations control-
ling host range to appear and rise in frequency. 
These mechanisms act in reservoir hosts, in inter-
mediate hosts (if any), and in humans or other 
potential hosts; they also act at multiple scales, as 
viruses compete for replication within hosts and 
transmission between hosts (Park et al., 2013, 
Russell et al., 2012). Developing better phylody-
namic model frameworks (Grenfell et al., 2004) 
for modeling virus host transfer and adaptation 
will require collaboration between theoreticians 
and experimentalists.

Specific goals would be to determine realis-
tic parameters for mutation/selection processes 
(Illingworth et al., 2014) and virus population 
bottlenecks at transmission (Wilker et al., 2013) 
and to generate high-resolution data sets to test 
and train mechanistic models. Such data-driven 
mechanistic models could shed light on addi-
tional constraints to virus genetic change, such 
as fitness valleys that separate virus genotypes 
adapted to one species or another, or conflicts 
in selection acting at different biological scales. 
For example, at the most simple level of under-
standing of the role of receptor binding, avian to 
mammalian host switching is often assumed to 
only require a binary change in receptor specificity 
from α2,3 to α2,6 sialic acid and to be directly 
related to binding affinity. However, in addition to 
the α2,3 and α2,6 linkages, there is a tremendous 
variety in the structures of oligosaccharides dis-
playing the sialic acids and in the structure of the 
sialic acids in different avian hosts (Gambaryan 
et al., 2012, Jourdain et al., 2011). The binding 
specificity for each receptor variant form may 
affect the potential for different viruses to cross 
the species barrier or make the difference between 
causing severe or only mild disease. Rich exper-
imental data sets that provide insights on such 
factors will improve the power of evolutionary 
models to interpret experimental and field data.

Surveillance methodology
Detection of the genetic changes and phenotypes 
of concern relies on systematic characterization 
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of influenza viruses circulating in wild and domes-
ticated animal populations. If there are virus traits 
that correlate with genetic markers observed to 
increase risk in humans, or that can be computa-
tionally inferred from genetic sequence data, it 
could be possible to monitor those markers in 
surveillance and adjust risk assessments prior to 
emergence in humans. However, the acquisition 
of samples entering existing surveillance networks 
is largely ad hoc, exhibits substantial variation by 
host and geographical region, and only a small 
proportion of the data end up in the public domain 
(Figure 3). Making non-human influenza surveil-
lance more systematic by using statistical analysis 
to determine appropriate levels of coverage by 
geographic region and host species would facil-
itate the early detection of viruses of concern 
and also have the potential to facilitate detection 
of evolutionary and epidemiological patterns of 
virus activity that warn of potential emergence 
events.

There are large regions of the world and 
many animal populations for which little or no 
surveillance is performed but where significant 

animal influenza diversity can be inferred to exist. 
Systematic assessments of surveillance by geo-
graphic area and host species, similar to efforts 
for malaria (Gething et al., 2012, 2011, Hay  
et al., 2010, Sinka et al., 2012) and dengue 
(Bhatt et al., 2013), would help to identify major 
gaps where surveillance is either non-existent or 
unlikely to be sufficient for timely detection of 
viruses of concern. For enhancing surveillance, 
prioritizing among these gaps will require sub-
stantial improvements in understanding animal 
host ecology to identify hotspots for virus trans-
mission within and among animal species. Similar 
efforts are required to better understand what 
aspects of the human–animal interface facilitate 
transmission of viruses between animals and 
humans, particularly in animal production and 
domestic animal settings, and the human biolog-
ical and epidemiological factors that promote 
chains of transmission of newly introduced viruses.

One motivation for changing existing surveil-
lance systems is to increase their power to rapidly 
detect changes in patterns of non-human influ-
enza virus activity. Substantial changes, such as 

A

B

Figure 3. Geographic distribution of publicly available influenza virus genetic sequence data in comparison to poultry and swine populations. 
(A) Proportions of worldwide animal population by country (data from the Food and Agriculture Organization of the United Nations).  
(B) Number of unique influenza viruses for which sequence data exists in public databases from poultry or swine by country. Numbers of 
influenza virus sequences are not representative of influenza virus surveillance activities. Information regarding surveillance activities is not 
readily available. Virological surveillance, even if robust, may result in negative findings and is not captured in these figures. Most countries  
do not sequence every influenza virus isolate and some countries conduct virological surveillance without sharing sequence data publicly. 
Sequences deposited in public databases can reflect uneven geographic distribution and interest regarding viruses of concern such as H5N1 
and H9N2.
DOI: 10.7554/eLife.03883.004
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the sudden proliferation of a previously rare virus 
subtype or of a virus with an H9N2 internal gene 
cassette (Gao et al., 2013, GarcÌa-Sastre and 
Schmolke, 2014; Guan et al., 1999), could indi-
cate the emergence of new viral variants in non-
human hosts that should be prioritized for further 
study even before the detection of human infec-
tions of zoonotic origin (Vijaykrishna et al., 2011). 
To be useful from a human health perspective such 
detection systems would require sampling of ani-
mals with no obvious signs of infection, routine 
assessment of particular genetic signatures or full 
genome sequencing, and near real-time sharing 
of these data; these activities all present potential 
financial, political, and logistical constraints.

Further development of surveillance infrastruc-
ture in some geographic locations and host spe-
cies is likely to be unpopular or unfeasible due 
to economic disincentives for disease detection. 
However, the geographic movements of many 
non-human influenza hosts, via migration or trade, 
make it possible to identify surrogate sources 
of information. For example, by linking virological 
and serological data, it has been possible to make 
inferences about swine influenza virus activity in 
some parts of mainland China based only on the 
data from Hong Kong (Strelioff et al., 2013).

A systematic, open, and timely global surveil-
lance system based on viral sequence data would 
be a powerful tool in pandemic risk assessment. 
Viral sequences, with associated metadata and sys-
tematic recording of virus negative sample results, 
provide a rich source of information beyond the 
simple presence or absence of particular strains. 
Phylodynamic reconstructions from even a rela-
tively small number of samples are capable of 
revealing lineages that are proliferating (Grenfell 
et al., 2004, Pybus and Rambaut, 2009). 
Phylogenetic methods can be used to reveal gaps 
in surveillance (Smith et al., 2009, Vijaykrishna 
et al., 2011). Genetic similarity between viruses 
in different locations or host species can identify 
drivers of transmission between populations (Faria 
et al., 2013, Lemey et al., 2014).

Data on negative samples would provide valu-
able denominators for estimating the prevalence 
of infection: tracking infection rates through time 
would give a window into transmission dynamics 
and allow investigation of mechanisms underlying 
virus circulation. The Influenza Research Database 
(IRD) (http://www.fludb.org) includes an animal 
surveillance database that contains negative test 
data but the amount of data is extremely limited 
compared to the global scale of ongoing sur-
veillance activities. Standards should be devel-
oped for consistently recording these relevant 

associated metadata, so that the number of ani-
mals tested, the setting in which sampling took 
place, and the motivation for sampling associ-
ated with genetic data can be submitted in a con-
sistent form to public data repositories, along 
with all sequence submissions.

Conclusions
It is currently not possible to predict which non-
human influenza A virus will cause the next pan-
demic. Reducing the impact of the next pandemic 
will rely on early detection and mitigation strate-
gies that slow the early spread to allow more 
preparatory work to be done. The integration of 
further experimental data with computational 
methods and mathematical models in conjunction 
with refinements to surveillance methodology will 
increase the feasibility of genotype-to-phenotype 
based assessments, increase the power of tools 
for more objectively assessing pandemic risk and 
decrease the time required for assessing the pan-
demic threat posed by extant non-human influ-
enza A viruses—all of which can inform strategies 
to help mitigate the impact of the next pandemic.

Even as risk assessment capabilities improve, 
scientific insights into non-human influenza viruses 
must not give way to complacency that the most 
substantial threats have been identified and char-
acterized. Despite the perceived risks of highly 
pathogenic H5N1 viruses, the emergence of the 
2009 H1N1 pandemic virus in humans, the increas-
ing incidence of human infection with H7N9 
viruses in China since 2013, and the first docu-
mented human infections with H6N1 (Wei et al., 
2013) and H10N8 (Chen et al., 2014) viruses 
highlight the importance of remaining vigilant 
against as-yet unrecognized high-risk viruses 
and the value of surveillance for influenza viruses 
in humans. Beyond further scientific investiga-
tions and refinement of surveillance capacity, the 
development of local surveillance-based outbreak 
response capacity worldwide remains essential. 
The first wave of the 2013 H7N9 outbreak in 
China demonstrated the value of swift coordi-
nated action, including the timely dissemination 
of surveillance data, to limit further incursions of 
new viruses into the human population. Without 
developing similar response capacities in other 
areas at high risk of new virus introductions, we 
are only building expensive systems for watching 
the next pandemic unfold.
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WHERE SHOULD THE RED LINES BE DRAWN ?

1. Making Ebola, Lassa or other hemorraghic fever viruses
transmissible by coughing or sneezing

2. Making HIV transmissible by coughing, sneezing or skin
contact

3. Making Ebola or rabies transmissible by mosquitos

4. Making highly-pathogenic avian influenza viruses
transmissible between humans

5. Increasing the transmissibility of SARS and MERS viruses
between humans

6. Making influenza viruses resistant to vaccines and antiviral
drugs

7. Creating chimeric viruses that could be anticipated to have
pandemic potential

8. Recreating extinct or eradicated viruses

9. Making drug-susceptible bacteria resistant to antibiotics

10. Making group A streptococcus (S. pyogenes) resistant to
penicillin

11. Making malaria (P. falciparum) resistant to artemisinin
combination treatment

12. Increasing toxin production of Pertussis or Clostridium
difficile

Foundation for Vaccine Research 
NSABB Meeting, May 5, 2015 
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HI-PATH AVIAN INFLUENZA VIRUSES 
SOME IMMEDIATE RED LINES CAN BE DRAWN

1. GOF experiments to obtain mammalian transmissibility
of HPAI viruses by respiratory droplets

Strain     Known human cases  Deaths Mortality 
   (dead-end infections) 

H5N1   826  440    53% 

H7N9 >640  224   35% 

Other dead-end infection strains (121 cases): 
H5N6, H6N1, H7N2, H7N3, H7N7, H9N2 & H10N8 

2. GOF experiments with chimeric influenza viruses

H1N1 1918-like and analogs

3. Human pandemic influenza viruses

Engineering H1N1, H2N2, H3N2 to totally escape
vaccine control

4. GOF experiments to increase transmissibility or
pathogenesis of human respiratory viruses

SARS-CoV  8422    916    11% 

Foundation for Vaccine Research 
NSABB Meeting, May 5, 2015 

Sources WHO & CDC 

Peter Hale May 5, 2015



H1
H2
H3
H4
H5
H6
H7
H8
H9
H10
H11
H12
H13
H14
H15
H16

N1   N2    N3    N4    N5   N6    N7    N8    N9

Aquatic bird reservoir of 127 H,N flu combinations 

ducks

shore birds

no species

Peter Hale May 5, 2015



H1
H2
H3
H4
H5
H6
H7
H8
H9
H10
H11
H12
H13
H14
H15
H16

N1   N2    N3    N4    N5   N6    N7    N8    N9

Only 3 pandemic H,N combinations in 100 years

ducks

shore birds

no species

pandemic

Peter Hale May 5, 2015



Spillovers occur – all dead-end infections 
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August 10, 2015 

[Submitted electronically to nsabb@od.nih.gov] 

Samuel L. Stanley, MD 
Chairman of the NSABB 
Office of Science Policy 
National Institutes of Health 

IDSA Recommendations to the NSABB to consider during the Risk Benefit 
Assessment Process of Gain-of-function Research 

Dear Dr. Stanley, 

The Infectious Diseases Society of America (IDSA) is pleased to offer 
recommendations to the National Science Advisory Board for Biosecurity (NSABB) 
as it works with Gryphon Scientific to assess the risk and benefits of gain-of-
function (GOF) research on pathogens with pandemic potential.  

Ongoing technological advances in the life sciences increasingly offer critical new 
capabilities for understanding and managing human-microbe interactions.  The goals 
of these efforts include health promotion and disease prevention.  At the same time, 
these same capabilities, especially the means of manipulating genomes and, 
therefore, the properties of bacteria, viruses, and other infectious agents, pose 
important risks.  Efforts to study and/or predict the natural evolution and emergence 
of pathogenic microbes by deliberately creating pathogens in the laboratory with 
enhanced disease-causing and transmission-promoting properties pose the greatest 
concern.  Examples of this gain of function research include the recent creation of 
highly pathogenic avian influenza viruses with altered host range, enhanced 
transmissibility, and/or the ability to evade certain forms of human immunity.   

ID specialists will be among the physicians who will respond to care for affected 
individuals in any microbial disease outbreak, be it of natural or human origin—
either accidental or deliberate.  ID specialists are also among those leading research 
efforts to counter these disease threats.  Accordingly, ID specialists are especially 
well-positioned to understand the risks and benefits posed by potentially dangerous 
experiments involving pathogenic microbes and can be valuable advisors for those 
who will need to undertake complicated risk-benefit analyses (RBA). 

IDSA applauds the NSABB for its recent efforts to develop a framework to guide 
the assessment of risk and benefit of GOF research.  The framework highlights key 
considerations on how to structure this assessment, addresses and evaluates possible 
alternative approaches, includes the issue of human error or malevolent action, and 
finally considers the effectiveness of medical countermeasures.  We are happy to see 
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2: IDSA comments to the NSABB 

that Gryphon Scientific’s risk benefit approach significantly improves on the specificity of the 
framework, addressing several of our concerns with the draft framework.  We offer below six 
additional points for NSABB and Gryphon Scientific to consider as you work together to assess 
the risk and benefit of GOF research and develop final recommendations to the U.S. Government 
(USG).   

1. Focus on the GOF experiments of special concern
IDSA remains concerned that the NSABB framework’s broad definition of GOF may 
inadvertently capture areas of research that pose a lower risk to the public.  For example, while 
the NSABB recognizes the benefit of research aiding the development or selection of new or 
more effective vaccines, its framework still targets influenza vaccine production methods that 
rely on adaptation of viruses for growth in culture as GOF research.  The adaptation and 
manipulation of wild type influenza virus for growth in eggs or mammalian cell lines are critical 
to vaccine manufacturing.  This approach to produce high growth vaccine candidates has been 
practiced since the 1940s, and is essential to protect the public from both seasonal and pandemic 
influenza.  

IDSA strongly urges the NSABB to narrow its definition of GOF research to be considered for 
RBA to avoid this inadvertent capture of low risk research, which is not mentioned in the 
original White House description of the types of research that should be included in the 
deliberative process.  We recommend that the RBA process focus on research that is reasonably 
anticipated to result in a pathogen that combines high transmissibility with high pathogenicity in 
humans, as this combination poses the greatest risk to public health.  Such research may involve 
enhancing either of these properties in a pathogen already possessing the other, or the 
simultaneous enhancement of both.  Whereas other types of GOF research are of concern as 
well, notably that which increases resistance to known medical countermeasures, they are 
secondary to the above characteristics.  IDSA believes that this definition strikes a balance 
between impeding experiments with lower risk that society has accepted for many years while 
ensuring that experiments of special concern are assessed appropriately. 

2. Address the uncertainty in estimating both risk and benefit
The risk assessment process provided by Gryphon Scientific will have to use estimated data in 
the models, as it will have to make assumptions on risks and benefits.  Although IDSA 
understands assumptions are necessary to assess risk and benefit, our society is concerned that 
Gryphon Scientific has not adequately addressed the uncertainty of its models.  IDSA urges the 
NSABB and Gryphon Scientific to hold robust discussions with experts surrounding the 
uncertainty of its estimates of risk.  We also recommend the NSABB and Gryphon Scientific 
ensure that its analysis of uncertainty not only include uncertainties in the outcome of the 
research, such as the pathogenicity changes in a GOF organism, but also the uncertainties in the 
assessments of likelihood of misuse of the science as well as the consequences of accidents, 
misuse, and regulations on the conduct of the science.  Whereas Gryphon Scientific will use a 
qualitative assessment of the benefit of GOF research, we urge that the uncertainties around the 
benefits of research be explicitly considered.  Finally, IDSA recommends Gryphon Scientific 
consider communicating specific assumptions used in its modeling as well as error due to 
uncertainty to assist the NSABB and other policy makers in better understanding the risk/benefit 
estimates.   
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3. Seek a wide breadth of expertise to aid in the RBA process
Gryphon Scientific has indicated that it will interview subject matter experts to obtain additional 
input to aid its RBA efforts.  IDSA strongly supports these actions, and also urges the NSABB 
and Gryphon Scientific to consider seeking additional perspectives to inform the RBA process, 
including those of a range of experts in vaccine development, microbial risk assessment, public 
health response, physicians whose work is primarily clinical, as well as through engagement of 
the public.  In addition, the moral and ethical implications surrounding GOF research have not 
been adequately addressed in the NSABB framework.  Several experts in this field are actively 
engaged in the GOF debate, and their unique viewpoints can be valuable to the RBA process.    

Some stakeholders have expressed concern that the experts best positioned to evaluate the risk 
and benefits of GOF research are in some cases the ones who are actively conducting the 
research.  IDSA agrees this is an issue that should be considered, and strongly believes that while 
this RBA evaluation needs as many expert perspectives as possible, they must be transparent 
with all relevant interests disclosed. 

4. Risk should account for the impact on the public perception of science.
One important type of risk that is not included in the NSABB framework, or by Gryphon 
Scientific’s mandate, is the ethical, reputational, and credibility risk for science with the public. 
The recent laboratory mishaps at the nation’s most prestigious laboratories have placed strain on 
the public’s trust for scientific research.  Should a USG funded GOF study result in an accident 
or a deliberate act that places the public at risk, the credibility of science as a whole may suffer.  
This, in turn, could lead the public to question the quality of public stewardship of biomedical 
funding and the reliability of scientific and medical advice on risk.  This loss of public trust 
could significantly impair science's ability to inform evidence-based policy decisions.  IDSA 
recommends that the NSABB consider recruiting additional perspectives, such as those with 
sociology and ethics expertise, to asses this risk as it develops its final recommendations. 

5. Risk should account for the impact of any new GOF framework on the course of
science.

The ability of humanity to protect itself against pathogens of pandemic potential rests on a 
vigorous and healthy scientific enterprise.  Some, including IDSA members, have raised the 
concern that as controversy swirls around GOF types of experiments that these fields could 
abandon certain types of scientific approaches that are powerful tools of scientific inquiry.  
Furthermore, the concern has been raised that the best and brightest will avoid these areas of 
inquiry simply because of the weight of regulation, the uncertainty in planning careers in areas 
subject to moratoriums and increased scrutiny and the controversial nature of the work.  If this 
happens, humanity will be more vulnerable to future threats.  IDSA recommends that the 
possible risk of regulation to the scientific enterprise and, in particular, to certain fields of 
inquiry be factored in the overall risk-benefit analysis. 

6. Consider recommendations on how to make GOF research safer
In Gryphon Scientific’s assessment approach for GOF research benefit, it states that it will 
evaluate “other GOF experiment types” in addition to alternative approaches.  IDSA believes 
these efforts will yield valuable information that may be useful in developing constructive 
recommendations on how GOF research may be conducted more safely.  For example, at the 
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December 2014 National Academies of Science discussion on the GOF pause, one researcher 
presented data on how to engineer high risk influenza strains to only undergo productive 
infection in experimental animals, posing minimal risk to public health.  This search for 
pragmatic solutions that lower risk of GOF has not been widely discussed in the debate, and 
IDSA urges that this be a more prominent component in the NSABB’s final recommendations.  

IDSA is committed to ensuring that the broader scientific and science policy community 
participates in efforts to appropriately guide gain of function research.  To complement the 
NSABB’s efforts, IDSA calls for a continued series of transparent broad discussions on gain-of-
function and dual use research of concern among stakeholders, including scientists, healthcare 
workers, policy-makers, ethicists, and representatives from the public.  These discussions include 
the consideration of risk-benefit methodologies, governance models, the place, if any, of 
classified research, social responsibilities of scientists and journal editors, increased vigilance of 
biosafety and security concerns, societal values, and, finally, the discussion should solicit 
international input. 

IDSA thanks NSABB for this opportunity to comment, and looks forward to continuing to work 
with the U.S. Government and those who advise it to clarify the decision-making process on how 
and whether to undertake high-risk life science experiments.  Should you have any questions or 
concerns about these comments, please feel free to contact Greg Frank, PhD, IDSA Program 
Officer for Science and Research Policy, at gfrank@idsociety.org or 703-299-1216. 

Sincerely, 

Stephen B. Calderwood, MD, FIDSA 
IDSA President 

About IDSA 
IDSA represents over 10,000 infectious diseases physicians and scientists devoted to patient 
care, disease prevention, public health, education, and research in the area of infectious diseases.  
Our members care for patients of all ages with serious infections, including meningitis, 
pneumonia, tuberculosis, HIV/AIDS, antibiotic-resistant bacterial infections such as those caused 
by methicillin-resistant Staphylococcus aureus (MRSA) vancomycin-resistant enterococci 
(VRE), and Gram-negative bacterial infections such as Acinetobacter baumannii, Klebsiella 
pneumoniae, and Pseudomonas aeruginosa, and, finally, emerging infectious syndromes  such as 
Ebola virus fever, enterovirus D68 infection, Middle East Respiratory Syndrome Coronavirus 
(MERS-CoV), and infections caused by bacteria containing the New Delhi metallo-beta-
lactamase (NDM) enzyme that makes them resistant to a broad range of antibacterial drugs. 
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To: The NSABB Board (in advance of the September 28, 2015 meeting) 
From:  Lynn C. Klotz, PhD 

Senior Science Fellow and member of the Scientist Working Group on Biological and Chemical 
Weapons 
Center for Arms Control and Non-proliferation, Washington, DC, USA 

Home contact Information: 
5 Duley Street  
Gloucester MA 01930 
978-281-6015 
lynnklotz@live.com 

The following document is a first draft of a literature-research project that started in the summer 
of 2015. The project is in an early stage, but has gone far enough to make its point: There is an urgent 
need for international proactive oversight of influenza research that might increase the pathogenicity of 
influenza viruses. Some of this gain-of-function research may create lab-made potential pandemic 
influenza viruses. 

Even if the probability is small for an escape from a lab in a single year for such a virus, the fact 
that there are a large number of research projects underway throughout the world, projects that will be 
conducted for many years, the overall probability of escape from at least one lab is uncomfortably high. 

The Potential Pandemic Influenza Research Enterprise 

In a recent Letter to the Editor titled Danger of Potential-Pandemic-Pathogen Research 
Enterprises (http://intl-mbio.asm.org/content/6/3/e00815-15.full), I argued that there are likely many 
labs throughout the world, many not funded by the NIH, that are developing mammal-contagious 
influenza viruses. Research that makes avian, mammalian, or human influenza viruses more virulent, 
increases their transmissibility, alters their host range, or evades countermeasures is potentially 
dangerous and may create potential pandemic pathogens.  

Influenza viruses are more likely to fuel an uncontrollable outbreak because of their long history 
of doing just that. This kind of research got considerable attention in 2011 when Professor Ron Fouchier 
announced that his laboratory had made the H5N1 highly pathogenic avian influenza virus (HPAI) 
airborne transmissible by respiratory aerosols from ferret to ferret.   

In the context of this analysis of recent publications reported in Pub Med (references (1) 
through (35)), the larger category of Experiments of Concern (EoC) is used as a guide to look for 
potentially dangerous research. In 2004, the National Academy of Sciences published a report 
Biotechnology Research in an Age of Terrorism (http://www.nap.edu/catalog/10827.html). The so-called 
Fink Committee that produced the report was asked to “consider ways to minimize threats from 
biological warfare and bioterrorism without hindering the progress of biotechnology, which is essential 
for the health of the nation.” The committee recommended that the “Department of Health and Human 
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Services…create a review system for seven classes of experiments (the Experiments of Concern) 
involving microbial agents that raise concerns about their potential for misuse.” Specifically, the EoC are: 

“1. Would demonstrate how to render a vaccine ineffective. This would apply to both human 
and animal vaccines… 
2. Would confer resistance to therapeutically useful antibiotics or antiviral agents. This would
apply to therapeutic agents that are used to control disease agents in humans, animals or 
crops…  
3. Would enhance the virulence of a pathogen or render a non-pathogen virulent. This would
apply to plant, animal, and human pathogens… 
4. Would increase transmissibility of a pathogen. This would include enhancing transmission
within or between species. Altering vector competence to enhance disease transmission would 
also fall into this class. 
5. Would alter the host range of a pathogen. This would include making non zoonotics into
zoonotic agents. Altering the tropism of viruses would fit into this class. 
6. Would enable the evasion of diagnostic/detection modalities. This could include
microencapsulation to avoid antibody-based detection and/or the alteration of gene sequences 
to avoid detection by established molecular methods. 
7. Would enable the weaponization of a biological agent or toxin. This would include the
environmental stabilization of pathogens.” 

These seven classes of experiments “will require review and discussion by informed members of 
the scientific and medical community before they are undertaken [proactive oversight] or, if carried out, 
before they are published in full detail.” For experiments making deadly avian influenza viruses airborne 
transmissible, many scientists think they should not be carried out at all. 

An excellent system for reviewing potentially dangerous experiments, Controlling Dangerous 
Pathogens: A Prototype Protective Oversight System, was developed in 2007 by The Center for 
International and Security Studies at Maryland 
(http://drum.lib.umd.edu/bitstream/1903/7949/1/pathogens_project_monograph.pdf). It recommends 
a tiered review, from most to least dangerous research. Paraphrased from the Maryland paper:  

International Oversight: Activities of Extreme Concern – An international body would be charged 
with approving and monitoring all research projects of extreme concern.  That authority would 
be narrowly focused only on those ... that could put an appreciable fraction of the human 
species at risk, such as research with potential pandemic pathogens. 
National Oversight: Activities of Moderate Concern – National oversight bodies would be 
responsible for research activity of moderate concern, such as work with anthrax and other 
agents already identified as having biological weapons potential. 
Local Oversight: Activities of Potential Concern – Concern—This “encompasses those activities 
that may increase the destructive potential of biological agents that otherwise would not be 
considered a threat.  
No oversight: All other research 

Lynn C. Klotz, Ph.D. September 22, 2015



In my opinion, there should be two levels of local oversight. The first level is the currently 
employed Institutional Biosafety Committee (IBC), and the second is an outside committee. There is 
concern that IBCs will simply rubber-stamp research proposals from labs in their own institution, so I 
suggest proactive oversight by a committee outside the institution (perhaps at the state level in the US) 
for experiments of concern on influenza viruses that do not carry an immediate threat of an outbreak 
from an escape from the laboratory (e.g., vaccine viruses and other attenuated and inactivated viruses). 

Because of the potential for some strains of lab-made influenza viruses to cause international 
outbreaks, research mutagenizing these viruses that could result in increased pathogenicity (gain of 
function) should be subject to external oversight. At present, there is little national and no international 
proactive oversight with any authority to guide or ban experiments. See for instance: Gronvall GK, Rozo 
M. Synopsis of Biological Safety and Security Arrangements. UPMC Center for Health Security.July 2015. 
Available at http://www.upmchealthsecurity.org/ourwork/publications/synopsis-of-biological-safety-
and-security-arrangements.  

The literature analysis 

To date, only one general Pub Med search term, “avian influenza virus mutagenesis,” has been 
used here to identify potentially dangerous research that might fall under the Experiments of Concern 
(EoC). To focus on the most recent research, only research over the last two years (September 1, 2013 
through August 29, 2015) published Pub Med abstracts were read. Thirty-five potential EoC were 
identified in 136 abstracts for this single search term. Many of the 136 abstracts (136-35=101) described 
research that did not constitute EoC; for the most part, they did not employ live viruses.  

 For each of the 35 abstracts that seemed to describe EoC, parts of the full research papers were 
read to confirm their EoC status.  Since I have only a modest grasp of molecular virology, I may have 
labeled a few that are not EoC, and I may have missed a few that are EoC. 

The actual number of EoC research being carried out today is likely much greater than 35 because of 
the following: 

• Only a single avian influenza search term was used; other influenza search terms would yield
additional EoC. In particular, viruses that have already caused pandemics such at the 2009 H1N1
virus.

• Expanding the search back to 2012, and even before that, would yield more EoC.
• There are surely some EoC that are not yet published.
• Search terms involving other pathogens such as SARS, MERS and Ebola would yield more EoC.

A summary of the 35 EoC found from the search is provided in Table 1. Titles and citations for the 
reference numbers are in the reference list at the end. 
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Table 1: The 35 EoC.  The boldface in the Countries of Authors column 
indicates the country where the BSL2, BSL3 research was performed.  
Much of that research is being carried out in Asia, particularly China.   
______________________________________________________________________________ 

The 35 published research listed in the Table are described briefly below. The descriptions are a 
combination of quotes from the Pub Med abstracts and full papers, often paraphrased to make them 
readily understandable with regard to EoC. The numbers, 1 through 35, at the beginning of each entry 
below correspond to the numbered reference citations at the end of this document. The bold-face 
highlighted descriptions are the greatest concern in my opinion because the mutated viruses are often 
more pathogenic than the wild-type strains and are potentially airborne transmissible from human to 
human. 

1. Recombinant influenza viruses were made that have single or double substitutions in neuraminidase
N3, N7 and N9 subtypes in a background of an H1N1 vaccine strain. N3, N7 and N9 subtypes have 
caused human infections. The research discovered resistance to neuraminidase inhibitors in some 
strains. [Comment: Mutagenesis of vaccine strains are not of the highest concern, unless there is reason 
to believe that the mutagenesis could make the strain virulent.] 

2. Avian H6N1 virus was adapted to human receptor-binding. Receptor-binding was analyzed using
isolated H6 proteins. Binding was confirmed using two avian and one human-derived H6N1 recombinant 
viruses. The research found two HA substitutions important to acquire the human receptor-binding. 
[Comment: Only one case of human H6N1 infection has been reported to date. Could increasing 
receptor binding in humans lead to more human cases?] 

3. Site-directed mutagenesis was used to generate different patterns of stem glycans on the HA protein
of an HPAI H5N1. The results indicated that some glycans were dispensable for the generation of 
replication-competent influenza viruses. Some combinations of glycans led to a significant decrease of 

Reference Countries Biosafety EOC
Number of Authors Viruses Level Category

1 USA, Korea H1N1 vaccine strain ? 2
2 China Avian, human H6N1 BSL3 5
3 China H5N1 HPAI not reported 1, 3
4 USA, Egypt H5N1 HPAI ? 1, 3
5 China H9N2 avian BSL3 3, 5
6 Japan, USA H5N1 HPAI BSL3 3, 5
7 Netherlands, UK H1N1 2009 BSL2 1, 3
8 China H5N1 HPAI Not reported 3
9 China H7N1 avian BSL3 3, 5

10 China H9N2, H1N1 2009, H5N1 HPAI BSL3, BSL3+ 3
11 USA, Japan H5N1 HPAI BSL3 3
12 China H6N1 avian ?? 3, 5
13 Japan, Thailand H5N1 HPAI BSL3 3
14 China H9N2 duck ABSL3+ 3, 5
15 France avian H1N1 BSL3+ 3, 5
16 USA A/WSN/1933 H1N1 likely BSL2 5
17 Netherlands airborne trans H5N1 HPAI animal BSL3+ 3, 4
18 China H7N9 HPAI ABSL3 3
19 Japan H7N9 HPAI BSL3+ 3
20 China H1N1 2009 pandemic not reported, BSL2? 3
21 China H1N1 2009 pandemic not reported, BSL2? 2
22 Spain, UK influenza A vaccine strains assume BSL2 3
23 Netherl., Germany HPAI H5N1 BSL3+ 1
24 USA H1N1 vaccine strain assume BSL2 1
25 USA H3N2 BSL2? 2
26 Germany HPAI H5N1 BSL3+ 1
27 China, USA HPAI H5N1 BSL3, ABSL3 2
28 Russia nonpath H5N2, HPAI H5N1 not reported, BSL2? 1
29 Germany 1968 pandemic H3N2 not reported, BSL2? 3?
30 USA H1N1 vaccine strain not reported, BSL2? 1
31 USA HPAI H5N1 BSL3 3, 5
32 UK HPAI H5N1 BSL3 3, 5
33 USA H3N2, H1N1 not reported, BSL2? 3?
34 USA HPAI H5N1 ABSL3+ 3, 4
35 USA human H3N2, HPAI H5N1 ABSL3+ 1
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the growth rates of the mutant viruses in animal cells in comparison to wild type virus. Furthermore, 
most of the mutant viruses were more sensitive to neutralizing antibodies than the WT virus. 
[Comment: Could researchers predict results in advance? These are experiments that should be 
proactively reviewed, as some mutations could have increased virulence or avoided existing vaccines. 
The outcome is, however, reassuring]  

4. Variant H5N1 viruses with five mutations in the HA gene were made. The research indicated that
targeted mutation in the HA may be effectively used as a tool to develop broadly reactive influenza 
vaccines to cope with the continuous antigenic evolution of viruses. [Comment: Could researchers 
predict results in advance? These are experiments that should be proactively reviewed, as some 
mutations could have increased virulence or avoid existing vaccines. As viral mutant population sizes are 
huge, the probability of finding an adaptive mutation is pretty large for RNA viruses.]   

5. The research found three mutations in HA, N and PB2 proteins that after four passages conferred high
virulence to H9N2 virus in mice. Adaption in mice enhanced the viral polymerase activity and receptor-
binding ability, which resulted in a virulent phenotype in mice but not a transmissible phenotype to 
guinea pigs. [Comment: This additional guinea pig experiment was useful to reduce concern or fear over 
increased host range.] 

6. Mutations made in the PA protein enhanced HPAI H5N1 virus growth capability in human lung cells
and increased pathogenicity in mice, suggesting that they contribute to adaptation to mammalian hosts. 

7. Mutants made with substitutions in the hemagglutinin of a strain of 2009 H1N1 pandemic influenza
virus revealed that single substitutions affecting the loop adjacent to the receptor binding site caused 
escape from ferret and human antibodies elicited after the 2009 H1N1 pandemic influenza virus 
infection. The majority of these substitutions resulted in similar or increased replication efficiency in 
vitro compared to that of the virus carrying the wild-type hemagglutinin. However, none of the 
substitutions was sufficient for escape from the antibodies in sera from individuals that experienced 
both seasonal and pandemic H1N1 virus infections. [Comment: This is the virus that infected 25% of 
the world population world-wide in 2009 and killed thousands of people.  Any experiment that 
increases replication efficiency or escapes antibodies should not be carried out in BSL2.] 

8. Mutant HPAI H5N1 viruses made with loss of two HA protein glycosylation sites showed increased
pathogenicity, systemic spread and pulmonary inflammation in mice compared to the wild-type H5N1 
virus. 

9. Two mouse-adapted variants of wild-type avian H7N9 made by independent serial passages in mice
confer enhanced virulence in mammals. [Comment: This virus has infected and caused fatalities in 
humans from direct contact with poultry. It would have been informative if the researchers had carried 
out a single ferret to ferret transmission experiment to see if this mouse-passaged virus has increased 
host range and virulence in a species (ferrets) that is perhaps a model for humans.] 

10. Mouse-adapted PB2 gene reassortants with a phenylalanine-to-leucine mutation contributes to
enhanced polymerase activity, enhanced replication, pathogenicity of H9N2 in mice, increased 
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virulence of H5N1 and 2009 pandemic H1N1. [Comment: Could increasing virulence in the 2009 
pandemic flu cause a new outbreak among humans?] 

11. The introduction of an arginine residue into PA of HPAI H5N1 significantly increased the viral
polymerase activity in mammalian cells and its virulence and pathogenicity in mice. 

12. A substitution in the PB2 protein and a substitution in the PA protein enhance virulence and expand
the tropism of H6N1 virus in mice. [Comment: Only one case of human H6N1 infection has been 
reported to date. Could increasing virulence and tropism in humans lead to more human cases?] 

13. Introduction of a single substitution into PB1 polymerase of an HPAI H5N1 increased both
polymerase activity in chicken cells and the pathogenicity of the recombinant viruses in chickens. 
[Comment: This translates to humans.] 

14. A nonpathogenic duck-origin H9N2 virus was serial-passaged in mouse lungs. Increased virulence
was detectable after five passages, and a highly pathogenic mouse-adapted strain was obtained after 
18 passages. There were eight amino-acid substitutions in six viral proteins. [Comment: Since serial 
passage was in lungs, this kind of research could lead to airborne transmission. A single ferret to ferret 
passage experiment should have been carried out to see if airborne transmission was achieved.] 

15. A deletion in the NS segment of a duck-origin avian H1N1 virus showed both increased replication
potential and an increased pathogenicity in chicken embryonated eggs and in a chicken lung epithelial 
cell line.  

16. Mutants created in the PB2 subunit identified critical residues required for general polymerase
function and specific residues preferentially required in human but not avian cells. [Comment: It is 
unclear what virus was used in the study. It may have been PB2 mutants reassorted into A/WSN/1933 
H1N1 virus. A/WSN/1933 is a derivative of 1918 flu virus and is not around today. This is a mouse brain 
adapted virus so not a threat.] 

17. Five substitutions proved to be sufficient to retain the airborne-transmissible phenotype of HPAI
H5N1. [Comment: A large number of substitution experiments on an airborne transmissible, deadly 
virus were carried out in this study, and a large number of nose and throat swabs and blood samples 
were taken, all increasing significantly the likelihood of an LAI. This is follow-up research from the 
Fouchier lab.] 

18. An H7N9 virus from a fatal case was used as the recombination background to study the
contribution of the E627K mutation in PB2 and of other mutations to the pathogenicity of H7N9 virus 
infection in mammals. All the mutant viruses generated were likely to be loss-of-function mutants with 
regard to pathogenicity, compared to the wild-type H7N9. [Comment: The research appears to yield less 
pathogenic H7N9. Nonetheless, it is not possible to predict pathogenicity at the outset of the 
experiments. Since the background virus is a fatal case; proactively, the generated viruses could have 
been more virulent humans. It would have been informative if the researchers had carried out a single 
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ferret to ferret transmission experiment to see if this virus was more virulent in ferrets, the model for 
human lung.] 

19. Potentially mammalian adapting amino acids were converted individually and in combination to
their avian virus-type counterparts in a H7N9 virus. Several mutants were slightly more virulent in mice 
than the wild-type A(H7N9) virus and exhibited increased polymerase activity in human cells. 

20. A single “consensus” PB2 mutation common to swine and the 2009 H1N1 pandemic virus
increased pathogenicity. Mutant virus prepared by recombination of a 2009 H1N1 pandemic virus 
with a segment containing the single PB2 mutation significantly enhanced polymerase activity in 
mammalian cells. Also, the virus exhibited increased growth properties and induced significant weight 
loss in a mouse model compared to the wild type. [Comments: This more pathogenic virus could win 
the battle with the immune system, so cause significant illness.] 

21. Reduced sensitivities to oseltamivir were observed in three mutant H1N1 2009 pandemic viruses.
A double mutant showed a large increase of IC-50 for the drug Oseltamivir from 0.7 nM for WT to 
4,000 nM for the double mutant, a 5,700-fold difference [Comment: Such a large increase in IC-50 
would almost certainly make the drug unusable in humans.]  

28. A non-pathogenic avian H5N2 was adapted to mice by lung-to-lung passage. Also, the reverse
genetics-derived influenza virus containing the HA and NA genes of an HPAI H5N1 in the genetic 
background of a high-growth H1N1 vaccine strain was obtained. Antibody escape mutants using these 
two viruses were obtained. Monitoring of effects of HA mutations found in H5 segment escape 
mutants is essential for accurate prediction of mutants with pandemic potential. [Comment: While 
H5N2 does not appear to have caused any human infections, adapting it to mice by lung to lung 
passage could have made it virulent in humans and even airborne transmissible.] 

29. Influenza A viruses circulating in humans from ∼1950 to ∼1987 featured a nonstructural (NS1)
protein with a C-terminal amino acid extension present in the H3N2 1968 pandemic flu virus. This 
research deleted the NS1 extension in the H3N2 in order to compare the wild type H3N2 with the 
virus with the NS1 deletion.  The replication kinetics of the wild-type H3N2 and the deletion mutant 
were indistinguishable in most experimental systems. However, wild-type virus out-competed the 
mutant during mixed infections, suggesting that the NS1 extension conferred minor growth 
advantages. [Comment: The resurrection/rescue of an historical pandemic virus is potentially as 
dangerous as a lab-made PPP if it escapes from the laboratory, provided that the virus employed is 
identical to or very close to the 1968 pandemic strain.]  

31. A particular point mutation in the PB2 protein of HPAI H5N1 virus, PB2 627K, has been identified as a
virulence and host range determinant for infection of mammals, and is present in strains capable of 
airborne transmission. This mutation in the PB2 gene appeared from day 4 and 5 along the respiratory 
tracts of mice inoculated intranasally and was complete by day 6 post-inoculation. The mutation 
correlated with efficient replication of the virus in mice. [Comment: This kind of experiment may be on a 
path to an airborne transmissible strain.] 
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32. This research focused on the particular PB2 point mutation in Reference 31, just above. Viruses
constructed by reverse genetics were made to contain converse PB2 627K/E mutations in a Eurasian 
HPAI H5N1 virus and, for comparison, a historical pre-Asian HPAI H5N1 virus that naturally bears PB2 
627E. Effects on viral fitness were observed in in vitro or in vivo experiments. Results suggest that the 
PB2 627K mutation supports viral fitness in Eurasian-lineage viruses; in contrast, the mutation carries a 
significant fitness cost in a historical pre-Asian virus. 

34. Influenza virus entry is mediated by the acidic-pH-induced activation of HA protein. This research
investigated how a decrease in the HA activation pH influences the properties of highly pathogenic 
H5N1 influenza virus in mammalian hosts. Viruses containing either wild-type HA or an acid-stabilizing 
point mutation were prepared. Wild-type and viruses with the mutation promoted similar levels of 
morbidity and mortality in mice and ferrets. The mutation was found to enhance the growth of an H5N1 
influenza virus in the mammalian upper respiratory tract, and yet it was insufficient to enable contact 
transmission in ferrets. Neither virus transmitted efficiently to naive contact cage-mate ferrets. 
[Comment: It is fortunate that contact transmission was not found.]  

35. The research focused on an antigenic cluster associated with a natural single hemagglutinin (HA)
substitution that occurred between 1992 and 1995 in the H3N2 virus. Reverse-genetics experiments 
demonstrated that the HA mutation increases viral receptor binding avidity. The mutation does not 
prevent antibody binding; rather, viruses possessing this mutation escape antisera simply because the 
virus attaches to cells more efficiently. [Comment: The H3N2 virus has caused human infections when 
transmitted from swine. In a 2012 small outbreak, there was no evidence of community transmission. 
Nonetheless, the virus is an immune escape strain.] 

_______________________________________________ 

While the search term was not designed to pick up the 2009 human pandemic H1N1 virus, it did 
pick up a few experiments involving mutagenesis of that strain. While some of this research is carried 
out at BSL2, it could be classified as research of great concern because that virus is airborne 
transmissible.  

For research involving mutagenesis of vaccine strains, biosafety level was generally not 
reported. It is assumed that it is BSL2, as vaccine strains are attenuated or inactivated viruses. One 
concern is that some mutagenesis research could make a vaccine strain virulent. Researchers should be 
prepared to argue for the safety of their particular proposed vaccine-strain mutagenesis research to 
defend the lower BSL2 containment. 

Several of the EoC (references 7, 10, 14, 17, 20, 21, 28, 29) are lab-made potentially dangerous 
influenza viruses that could spread from human to human by the airborne route.  

Proactive review at the local, national, or international level that considers risk and value 
(benefits) should be considered before allowing any mutagenesis and related research that might result 
in Experiments of Concern to go forward, and under what conditions.  
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Conclusion 

Research that employs, makes, or could make airborne transmissible strains is of the greatest 
concern. All this research should be subject to proactive international review and oversight. There is an 
urgent need for a binding international process. While the NSABB mandate is likely restricted to NIH-
funded research or perhaps any research in the United States, it behooves the NSABB to urge the State 
Department to seek a binding international agreement for proactive review and oversight of potential 
pandemic research.  

I would like to thank Simon Wain-Hobson for comments and insights. 
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Marc Lipsitch DPhil 
Harvard TH Chan School of Public Health 
Comments on the September 28, 2015 NSABB meeting 

The comments below are a written version of oral comments presented during the public 
comment period at the NSABB Sept 28, 2015, meeting on the “robustness” of the process 
for regulation of GOF research that was in place before the funding pause. By this I mean 
the general DURC frameworks and the HHS frameworks for H5N1 (1) and H7N9 (2) GOF 
research. On paper, these processes sound robust. We have some historical record of how 
the process works – one example of which was published by Nature in the case of the 
University of Wisconsin and the reconstruction of a 1918-like virus 
( http://www.nature.com/polopoly_fs/7.18249!/file/WISC_Review.pdf). Based on the 
characteristics of the process so far, there are several areas of concern that in my judgment 
make that process less than robust.  

The fact that the existing DURC process did not even flag PPP research as a separate issue 
until a confluence of accidents at prominent labs and public activism forced the issue, is a . 
Ironically, the extension by HHS of the Framework to H7N9 GOF research (2) appeared in 
the same issue of Nature in as a report of GOF studies from the Fouchier lab, funded by the 
US Government and not captured by this framework (3); see also 
http://comments.sciencemag.org/content/10.1126/science.1244158 .   

More specifically the present Framework for H5N1 and H7N9 GOF that was in place 
before the funding pause has the following issues: 

1. Expertise. Much of the responsibility for assessing risks and benefits under the
current system lies with the institutional biosafety committee.  These committees are
mainly composed of laboratory scientists and laboratory safety experts. These
committees are essentially expert in occupational health. The difference with
pandemic risk is that the risk is a public health, possibly global risk. IBCs do not
traditionally include epidemiologists who might be able to identify what is a potential
pandemic pathogen experiment or what the likely magnitude of risk would be1.

IBCs are not well designed to consider such risks. If you read the IBC minutes from
the University of Wisconsin that have been posted by Nature magazine, it is clear that
the claims of the investigator are often accepted at face value. Most IBCs also have
little or no expertise in biosecurity threats. Note that I am not criticizing IBCs’
fitness for their traditional task of dealing with occupational health risk of most
pathogens in the lab. I am criticizing their fitness for playing the same role in
managing global public health risk, an issue that uniquely arises in the potential
pandemic pathogen context.

1 Prof. Yoshi Kawaoka has informed me that the University of Wisconsin IBC includes an 
infectious disease physician and a representative from the state Division of Communicable 
Diseases. I do not know whether these areas of expertise were represented at the meeting 
that approved the 1918-like virus work. 

Marc Lipsitch, D.Phil. September 29, 2015
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2. Disinterestedness. The current process for oversight depends mainly on the funders and
the recipients of funding. Neither of these is a disinterested party. Institutional
biosafety committees very often see their role as facilitating the research that they
regulate and whose indirect costs support the IBC’s activities. This may be another
reason why IBCs and other reviewers have been prone to accept the claims of
investigators, especially on the benefits, at face value even when they are aspirational.

3. Quantitative considerations. To my knowledge the existing process makes no effort to
quantify risk, either at the IBC level – where we have a written record, or at the HHS
level.

4. Scope. The policy applies only to institutions applying to the USG for funding for
unclassified life sciences research, not to classified research or to non-HHS-funded
research.

1. Patterson AP, Tabak LA, Fauci AS, Collins FS, Howard S. 2013. Research
funding. A framework for decisions about research with HPAI H5N1 viruses.
Science 339:1036-1037.

2. Jaffe H, Patterson AP, Lurie N. 2013. Extra Oversight for H7N9 Experiments.
Science 341:713-714.

3. Richard M, Schrauwen EJ, de Graaf M, Bestebroer TM, Spronken MI, van
Boheemen S, de Meulder D, Lexmond P, Linster M, Herfst S, Smith DJ, van
den Brand JM, Burke DF, Kuiken T, Rimmelzwaan GF, Osterhaus AD,
Fouchier RA. 2013. Limited airborne transmission of H7N9 influenza A virus
between ferrets. Nature 501:560-563.

Marc Lipsitch, D.Phil. September 29, 2015



From: David Fedson [mailto:dfedson@wanadoo.fr]  

Sent: Sunday, December 13, 2015 9:35 AM 
To: Viggiani, Christopher (NIH/OD) [E] 

Cc: Opal, Steven 
Subject: NSABB Meeting on GOF research on January 7-8, 2016 

Christopher Viggiani, Ph. D. 
Executive Director, NSABB  
NIH Office of Science Policy 
6705 Rockledge Drive, Suite 750 
Bethesda, MD 20892 

Dear Dr. Viggiani, 

I have reviewed the agenda of the NSABB meeting on January 7-8, 2016. At this meeting, the 
NSABB will discuss its Working Group's overview of progress, preliminary findings and draft 
working paper on Gain-of-Function (GOF) studies. The Gryphon Scientific report - "Risk and 
Benefit Analysis of Gain of Function Research, Final Report - December 2015" - will be 
presented at this meeting.  

I would like to bring to your attention and that of the NSABB several important points. 

1. If GOF research accidentally or deliberately creates a new highly virulent and highly
transmissible influenza virus, it will spread throughout the world in a matter of months. The 
ensuing pandemic will be a global event, and it will require a global response.  

2. Ron Fouchier has said that Mother Nature is the biggest bioterrorist. Pandemic influenza
viruses can arise not only in nature but also in experimental circumstances. In a 
paper published 1974, Webster and Campbell described how they created in turkeys a new 
transmissible influenza reassortant virus that led to a 100% population die off (attachment 1). 
This GOF research was conducted more than 40 years ago.  

3. In the event of a global pandemic caused by a highly virulent, highly transmissible influenza
virus, regardless of its provenance, none of our current medical countermeasures (vaccines, 
antivirals) will be available to meet the needs of more than 90% of the world's people 
(attachment 2). 

4. When a new pandemic virus appears, the most important question to ask is "what next?" In
2013, Professor Steven Opal at Brown University and I published a paper on GOF research in 
which we addressed this question. We described an approach to treating pandemic patients 
using widely available, inexpensive generic drugs that target the host response to infection, not 
the virus itself (attachment 3). 

5. In late 2014, physicians in Sierra Leone treated approximately 100 patients with Ebola virus
disease with a combination of a statin (atorvastatin) and an angiotensin receptor blocker 
(irbesartan). This treatment targets the host response to Ebola virus infection, not the Ebola 
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virus. Only three inadequately treated patients are known to have died (attachment 4). 
This treatment reverses the endothelial dysfunction that is central to the host response to 
Ebola virus disease. It could probably also be used to treat pandemic influenza, MERS, SARS, 
and other life-threatening diseases in which endothelial dysfunction leads to an increased risk 
of multi-organ failure and death.   

5. Research on treating the host response to influenza and Ebola has been ignored by scientists
and government agencies in the US and elsewhere. It is not on WHO's agenda for pandemic 
preparedness (see attachment 2) or the Ebola response. I have not read the complete Gryphon 
Scientific report, but the article in attachment 3 is not mentioned in any footnote in its first 486 
pages, and it appears not to have been discussed in the text. 

6. Given our inability to predict the specific pathogen that will cause the
next epidemic, pandemic or biosecurity crisis, the only sensible way to prepare for this event is 
to identify effective medical countermeasures that address the pathophysiological disturbances 
common to them all.       

Discussion of the risks and benefits of GOF research should focus on practical measures 
that could be used to counteract this and any other threat to biosecurity. Thus far, the NSABB 
has not done this. The need for research on treating the host response to emerging biosecurity 
threats should be discussed by the NSABB. It should be placed on the agenda of the Second 
Symposium on GOF Research that the National Academies will convene on March 10-11, 
2016.  

I would be grateful if you would forward copies of my letter and the attachments to Drs. 
Stanley, Berns and Kanabrocki.  

If you have questions about any of these issues, please do not hesitate to write. 

With best regards, 

David Fedson 

David S. Fedson, MD 
57, chemin du Lavoir 
01630 Sergy Haut, France 

Attachments 

1. A “bottom up” treatment for Ebola that could have been used in West Africa

2. How Will Physicians Respond to the Next Influenza Pandemic? -- CID, 2014

3. The controversy over H5N1 transmissibility research: An opportunity to define a practical
response to a global threat -- Hum. Vaccin. Immunother., 2013
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 A “bottom up” treatment for Ebola that could have been used in West Africa 

More than 11,000 people have died as a result of the Ebola outbreak in West Africa. 
Aside from conventional supportive care, no specific treatment has been available. 
In most treatment units, more than 50% of the patients have died. This needn’t have 
happened.  

Patients who die of Ebola have elevated plasma levels of pro-inflammatory cytokines. 
The same thing is seen in patients with sepsis, and in sepsis patients these findings 
are associated with endothelial dysfunction and the loss of endothelial barrier 
integrity [1-3]. Careful studies of foreign healthcare workers who were infected with 
Ebola virus and evacuated from West Africa for medical care showed they had 
developed massive fluid losses. These losses were due to a dramatic increase in 
vascular permeability, a direct effect of the loss of endothelial barrier integrity.  

Cardiovascular scientists have known for many years that several common drugs, 
among them statins and angiotensin receptor blockers, have the ability to stabilize 
or restore endothelial barrier integrity. These drugs are safe when given to patients 
with acute critical illness, and clinical studies suggest they might improve survival in 
patients with sepsis, pneumonia and influenza [1, 3]. For these reasons, in November 
local physicians in Sierra Leone treated consecutively approximately 100 Ebola 
patients with a combination of atorvastatin (40 mg orally /day) and irbesartan (150 
mg orally/day) [4-7]. Only three inadequately treated patients are known to have 
died. Unfortunately, apart from a private donation of $25,000, there was no financial 
or logistical support to conduct a proper clinical trial. Surprisingly, physicians and 
health officials in Sierra Leone have refused to release information on this treatment 
experience. Nonetheless, letters and memoranda they have exchanged provide good 
evidence that treatment brought about “remarkable improvement” in these patients. 

Unlike experimental treatments (antiviral drugs, convalescent plasma) currently 
being tested in Ebola patients, atorvastatin and irbesartan target the host response 
to the infection, not the virus itself [3-7]. By stabilizing endothelial function and 
restoring normal fluid balance, combination treatment allows patients to live long 
enough to develop immune responses of their own and get rid of the virus.   

All physicians who treat patients with cardiovascular diseases are familiar with 
atorvastatin and irbesartan, and most of them have used these drugs to treat their 
patients. They are widely available as inexpensive generics in West Africa. A 10-day 
course of treatment for an individual Ebola patient would cost only a few dollars. 

Details on the Ebola patients who were treated need to be released, and these 
findings need to be externally reviewed and validated. Surprisingly, no one seems 
interested in doing this [8]. If cases of Ebola continue to occur, combination 
treatment should be tested in a proper clinical trial. In the meantime, physicians 
should consider the possibility that this combination might be used to treat patients 
with any form of acute infectious disease, including pandemic influenza [9], in which 
failure to overcome endothelial dysfunction often leads to multi-organ failure and 
death.   
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David S. Fedson, MD 
57, chemin du Lavoir 
01630 Sergy Haut, France 
dfedson@wanadoo.fr 
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V I E W P O I N T S

HowWill Physicians Respond to the Next
Influenza Pandemic?

David S. Fedson

Sergy Haut, France

The emergence of the H7N9 virus in China is another reminder of the threat of a global influenza pandemic.
Many believe we could confront a pandemic by expanding our capacity to provide timely supplies of affordable
pandemic vaccines and antiviral agents. Experience in 2009 demonstrated that this cannot and will not be
done. Consequently, physicians may have little more to offer their patients than they had in the 1918 pandemic.
Fortunately, several modern drugs (eg, statins, angiotensin II receptor blockers, angiotensin-converting
enzyme inhibitors) can modify the host response to inflammatory illness, and laboratory and clinical studies
suggest they might be used to treat pandemic patients. Unfortunately, little attention has been given to the re-
search needed to support their use in patient care. There is no guarantee these drugs will work, but physicians
will never know unless those responsible for pandemic preparedness recognize and act on the extraordinary
possibility that they might save lives.

Keywords. pandemic influenza; statins; immunomodulatory agents; public health.

The recent emergence of the influenza A(H7N9) virus
in China has led to a limited outbreak of disease that
has been associated with an overall mortality of approx-
imately 30% [1–3]. The impact has been especially
severe among the elderly. It is widely known that influ-
enza viruses can modify or exchange their genes, and
these changes often yield new viruses with altered viru-
lence and/or transmissibility. An experiment published
in 1974 showed that infecting turkeys with 2 different
influenza viruses generated a new reassortant virus that
killed all of the infected birds and all of their contacts—
a 100% population collapse [4]. The influenza pan-
demic of 1918 killed between 50–100 million people
worldwide, and epidemiologists estimate that a similar
pandemic today could kill 62 million people [5], almost
twice the number that have ever died of AIDS. Since
1997 there has been deep concern about the high

mortality (≥50%) seen in human infection with the
avian influenza A(H5N1) virus, and recent controversy
over H5N1 gain-of-function research has heightened
this concern [6]. Billions of dollars have been spent pre-
paring for an H5N1 pandemic. It is no wonder that sci-
entists and health officials are worried about the H7N9
virus [7].

Several commentators writing in journals that target
practicing physicians in the United States have ex-
pressed concern that the H7N9 virus could evolve to
become easily transmissible and lead to a devastating
global pandemic [8–10]. Many believe that the most ef-
fective way to respond to the next pandemic would be
to greatly expand our capacity to rapidly produce influ-
enza vaccines. They have been encouraged by new de-
velopments in influenza vaccinology, especially those
based on antibodies and cytotoxic T lymphocytes that
mediate heterotypic protection against influenza virus
infection [11]. Targets for these new vaccines include
the stem cell region of the hemagglutinin molecule and
several internal proteins (eg, M2e, NP, M1, and NA).
Many believe that research on these targets could lead
to a universal influenza vaccine that would obviate the
need for annual immunization and provide a founda-
tion of protection against the next pandemic. Other de-
velopments in influenza vaccinology include (1) rapid
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preparation of seed strains for vaccine production using reverse
genetics; (2) expanded cell culture vaccine production facilities;
(3) recombinant glycoprotein HA antigens produced in phar-
maceutical bioreactors; (4) antigen-sparing adjuvants that in-
crease the number of vaccine doses that could be produced; and
(5) monovalent live attenuated pandemic vaccines [12].
However, enthusiasm for these new developments in influenza
vaccinology must be tempered by recognizing that they alone
will not guarantee the success of pandemic vaccination.

If vaccination against a global pandemic is to succeed, other
measures will be required [12]. New facilities for vaccine for-
mulation and filling will be needed, experienced production
technicians must be trained, supplies of syringes and needles
for administering inactivated vaccines must be secured, clinical
trials of candidate vaccines must be supported, procedures for
rapid regulatory certification must be put in place, commercial
arrangements between vaccine companies and patent holders
must be worked out, advanced purchasing agreements and
prices must be negotiated between companies and govern-
ments, the logistics of vaccine distribution must be set up, and
a human infrastructure for vaccination programs must be es-
tablished. In each country, the cumulative impact of these
factors will directly affect the ability of vaccination programs to
successfully confront the next pandemic [12].

The most important factor that will determine the global
success of pandemic vaccination will be the level of expansion
of seasonal influenza vaccination programs, especially in coun-
tries that currently use little vaccine [12]. This will require
better understanding of the burden of influenza disease and the
effectiveness of influenza vaccination. Remarkably, in recent
years the global production capacity for seasonal influenza vac-
cines has increased to the point where it exceeds world demand,
yet there is little evidence that demand will soon match produc-
tion capacity [13]. In all likelihood, expansion of seasonal vac-
cination will depend on whether governments in low-use
countries recommend and purchase influenza vaccines. In the
absence of such decisions, implementing new advances in in-
fluenza vaccinology “will depend on company assessments of
their individual scientific, technical and commercial advantag-
es. These assessments will be viewed within the context of sea-
sonal not pandemic vaccination” [12].

The global vaccination response to the influenza A(H1N1)
pandemic in 2009 offers little encouragement that things will
be much better for the next pandemic [14]. In the United
States, because pandemic vaccines were not available in time,
vaccination affected only 2%–4% of all pandemic cases, hospi-
talizations, and deaths (see Tables 3–5 of [15]). Consequently,
health officials had to advise people to wash their hands and
limit social contacts, a throwback to 19th-century public health
“technologies.” Although the vaccine and antiviral response in
the United States was minimally effective, for most of the

world it was a comprehensive failure: >90% of the world’s
people had no access to timely supplies of affordable pandemic
vaccines [16].

The threat of another influenza pandemic, H7N9 or other-
wise, is real [4–10]. If it is severe, hospitals and intensive care
units will be swamped with patients. Extracorporeal membrane
oxygenation treatment will help only a few. Even if excellent
medical care (including antiviral agents) is available, experience
with H7N9 and H5N1 influenza has shown that mortality rates
could still be high. Wherever such care is not available, espe-
cially in low- and middle-income countries, the mortality
impact of a global pandemic could be devastating. Although
physicians in most countries will find themselves in healthcare
settings much different from those in 1918, their experiences
and those of their patients could be much the same [17]. Given
this possibility, physicians everywhere need to ask whether
agents they already know and use in the routine care of their
patients might also be used to treat those who become seriously
ill with pandemic influenza.

Until now, health officials have relied on influenza scientists—
primarily virologists and epidemiologists—to guide pandemic
preparedness efforts. Virologists who have adopted a systems ap-
proach to discovery have made important contributions to ex-
plaining influenza virus–host interactions and the consequences
of these interactions for the pathogenesis of disease [18]. None-
theless, they have yet to suggest agents that would be available to
physicians who will be called upon to manage severely ill pan-
demic patients. Fortunately, investigators in other fields, espe-
cially cardiovascular and metabolic diseases, have developed
several groups of drugs whose “pleiotropic” activities modify
the innate and adaptive immune response to acute inflammatory
illness. These drugs might be used for pandemic treatment and
prophylaxis. Statins were the first group suggested [19], and since
then angiotensin II receptor blockers (ARBs), angiotensin-
converting enzyme (ACE) inhibitors, peroxisome proliferator-
activated receptor (PPAR) γ and PPARα agonists (glitazones
and fibrates, respectively), and adenosine monophosphate–
activated kinase agonists (eg, metformin) have emerged as ad-
ditional candidate agents. These developments have been com-
prehensively reviewed in a recent publication [16]. Laboratory
studies of acute lung injury, sepsis, and other forms of acute
systemic inflammation have shown that these drugs control
damaging inflammation, promote its resolution, and improve
survival [16, 20, 21]. The benefits of treatment may have little to
do with the effects of these drugs on influenza virus–infected
cells [16]. Instead, they might improve survival by maintaining
or restoring pulmonary microvascular barrier integrity [22], ac-
celerating the early return of mitochondrial biogenesis [23], and/
or promoting beneficial changes in immunometabolism [24–26].
Laboratory and clinical research on these agents might help us
understand why influenza mortality rates are lower in children
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than in adults [16], and perhaps show that “disease tolerance”
in children with influenza is a defense strategy that reflects the
heritage of human evolution [16, 27–29].

Clinical studies support laboratory findings on the effective-
ness of inpatient treatment with 3 groups of these agents (re-
viewed in [16]). For example, an observational study of 3043
patients hospitalized with laboratory-confirmed seasonal influ-
enza showed that statin treatment was associated with a 41% re-
duction in 30-day mortality [30]. This reduction was in
addition to any that might have been attributable to previous
vaccination and antiviral treatment. Another observational
study showed that inpatient treatment with ARBs, ACE inhibi-
tors, and statins reduced 30-day pneumonia mortality by 53%,
42%, and 32%, respectively [31]. Importantly, a randomized
controlled trial in 100 statin-naive patients (untreated for at
least 2 weeks) who were hospitalized with sepsis showed that
inpatient atorvastatin (40 mg per day) reduced progression to
severe sepsis by 83% (24% in control patients vs 4% in treated
patients; P = .007) [32].

Statins and other immunomodulatory agents that might
benefit influenza patients are used by physicians every day to
treat millions of patients with cardiovascular diseases and dia-
betes. For statins, long-term treatment is safe and effective in
improving cardiovascular outcomes, and the benefits greatly
outweigh the modestly increased risks of statin-associated dia-
betes, elevated liver enzymes, and myopathy [33], adverse
events that are easily managed. Cases of severe liver injury or
rhabdomyolysis are rare. For short-term inpatient treatment,
cardiologists routinely initiate statin treatment in patients hos-
pitalized with acute coronary syndrome (ACS), and such treat-
ment has shown to be safe and effective in reducing hospital
and 30-day ACS mortality (reviewed in [16]). This experience
suggests that studies of treating influenza patients with statins
and other immunomodulatory agents should focus on those
with illness serious enough to require hospitalization, and an
agenda for such research has recently been presented [16]. This
research will allow physicians to carefully assess the clinical and
immunological effects of treatment while monitoring patients
for any signs of adverse events or drug–drug interactions.
Special attention will have to be given to the safety of treating
pregnant women and children.

Several small-scale studies of statin treatment in humans
with experimental acute lung injury, sepsis, and pneumonia
have been published (reviewed in [16]). Although these studies
were too small to show evidence of clinical benefit, no adverse
reactions were noted and several parameters associated with
immune dysregulation showed improvement. If statins or other
immunomodulatory agents could be shown to be safe and ef-
fective, treatment for most patients (especially those who are
not older adults) would probably be limited to the duration of

the hospital stay and would not need to be continued after hos-
pital discharge. For hospitalized patients who have previously re-
ceived outpatient treatment with any of these agents, continued
treatment after hospital admission would probably be indicat-
ed, just as it is for ACS patients who have received outpatient
statins [16].

All of the immunomodulatory agents discussed above are
now produced as inexpensive generics in developing countries,
and global supplies are huge [16]. If 1 or more of them were
shown to be safe and clinically effective in treating severe influ-
enza (or in the syndromic treatment of acute critical illness due
to other causes such as pneumococcal pneumonia [34]), they
would be immediately available to physicians in any country
with a basic healthcare system. The cost of treating an individu-
al patient would probably be less than $1.00 [16]. Nonetheless,
the laboratory and clinical research needed to justify using
these agents to treat influenza patients must be initiated and
supported by governments and/or nongovernmental institu-
tions; it cannot be left to pharmaceutical companies because
the drugs are no longer of commercial interest.

In the United States, the Assistant Secretary for Preparedness
and Response (ASPR), Department of Health and Human Ser-
vices, joined by the directors of the Centers for Disease Control
and Prevention (CDC) and the National Institutes of Health,
recently published a set of key components for a research re-
sponse to public health emergencies [35]. After listing the re-
search failures during the influenza A(H1N1) pandemic in
2009, the authors called for several actions to be taken before
the next emergency event. These actions include (1) identifying
potential knowledge gaps and research questions; (2) develop-
ing and preapproving generic study protocols; (3) obtaining
approval for these protocols from institutional review boards;
(4) using prefunded research networks and preawarded just-
in-time research contracts; and (5) developing an on-call
“ready reserve” of clinicians, scientists, and other experts to un-
dertake this research. The essential elements of ASPR’s research
response plan as they might apply to influenza pandemic pre-
paredness were outlined in an article published in 2009 [36].
Unfortunately, none of ASPR’s proposed actions has been im-
plemented, and no plans have been made to study immuno-
modulatory agents (D.S. Fedson, unpublished observation).

The statins/influenza study mentioned earlier [30] was con-
ducted by the CDC’s Emerging Infections Program, but CDC’s
Influenza Division has not initiated studies to confirm or
extend its findings (D.S. Fedson, unpublished observation). In
September 2012, the Infectious Diseases Society of America
(IDSA) published its US action plan for pandemic and seasonal
influenza [10, 37]. The plan focuses on vaccines, antiviral
agents, better diagnostics, improved surveillance, and more ef-
fective risk communication. The IDSA report briefly mentions
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immunomodulatory treatment, but a careful reading indicates
that research on these agents is not central to the IDSA’s action
plan. At the global level, the pandemic preparedness efforts of
the World Health Organization (WHO) remain focused on
vaccines and antiviral agents [38]. WHO has paid no attention
to immunomodulatory treatment, and it was not discussed at
the World Health Assembly meeting this past May [39].

George Orwell once wrote that “to see what is front of one’s
nose needs a constant struggle” [40]. Physicians inevitably will
be called upon to care for patients in the next pandemic. They
need to ask why influenza scientists and health officials who
support their work have not undertaken pragmatically focused
laboratory and clinical research to see if statins and other prom-
ising immunomodulatory agents could be used to reduce influ-
enza-related mortality. There is no guarantee that any of these
drugs will work, but physicians will never know unless those re-
sponsible for pandemic preparedness recognize and act on the
extraordinary possibility that these agents might save lives.
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Introduction

In December 2011, the National Science Advisory Board for 
Biosecurity (NSABB) in the US recommended restricting pub-
lication of the experimental details of A/H5N1 influenza virus 
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Since December 2011, in!uenza virologists and biosecurity 
experts have been engaged in a controversial debate 
over research on the transmissibility of H5N1 in!uenza 
viruses. In!uenza virologists disagreed with the NSABB’s 
recommendation not to publish experimental details of their 
"ndings, whereas biosecurity experts wanted the details to be 
withheld and future research restricted. The virologists initially 
declared a voluntary moratorium on their work, but later 
the NSABB allowed their articles to be published, and soon 
transmissibility research will resume. Throughout the debate, 
both sides have had understandable views, but both have 
overlooked the more important question of whether anything 
could be done if one of these experimentally derived viruses or 
a naturally occurring and highly virulent in!uenza virus should 
emerge and cause a global pandemic. This is a crucial question, 
because during the 2009 H1N1 in!uenza pandemic, more than 
90% of the world’s people had no access to timely supplies of 
a#ordable vaccines and antiviral agents. Observational studies 
suggest that inpatient statin treatment reduces mortality in 
patients with laboratory-con"rmed seasonal in!uenza. Other 
immunomodulatory agents (glitazones, "brates and AMPK 
agonists) improve survival in mice infected with in!uenza 
viruses. These agents are produced as inexpensive generics in 
developing countries. If they were shown to be e#ective, they 
could be used immediately to treat patients in any country 
with a basic health care system. For this reason alone, in!uenza 
virologists and biosecurity experts need to join with public 
health o$cials to develop an agenda for laboratory and clinical 
research on these agents. This is the only approach that could 
yield practical measures for a global response to the next 
in!uenza pandemic.

The controversy over H5N1 transmissibility 
research

An opportunity to de!ne a practical response to a global 
threat

David S. Fedson1,* and Steven M. Opal2,3

1Sergy Haut, France; 2Center for Biodefense and Emerging Pathogens; Department of Medicine; Memorial Hospital of Rhode Island; Pawtucket RI; 3Warren Alpert Medical 
School of Brown University; Providence RI

Keywords: influenza, transmissibility research, H5N1, immunomodulatory agents, statins

transmissibility research conducted by Ron Fouchier, Yoshi 
Kawaoka and their colleagues.1,2 Fouchier had presented the 
results of his studies at a scientific meeting in September 2011 
and his findings had received considerable attention among 
influenza virologists. However, following the announcement of 
the NSABB recommendation, there was widespread comment 
in major scientific journals and in the media, and the NSABB’s 
decision quickly became controversial.3

H5N1 Transmissibility Research  

and the NSABB

In response to the NSABB decision, Fouchier and Kawaoka 
reluctantly agreed to a voluntary moratorium on publishing their 
findings and continuing their research.4 They and many other 
virologists were concerned that science was being censored.1,2,5-9 
In contrast, the NSABB10,11 and others regarded as biosecurity 
experts12-15 worried that a highly transmissible H5N1 virus could 
be released accidentally or deliberately among human popula-
tions. In February 2012, the World Health Organization (WHO) 
convened an international technical consultation that included 
the principal scientists involved in this controversy.16 One month 
later, the NSABB received reassuring new data from Fouchier 
and Kawaoka. Moreover, intelligence officials had concluded 
that H5N1 transmissibility research did not present a biosecurity 
threat. Accordingly, the NSABB revised its earlier decision and 
unanimously recommended full publication of Kawaoka’s find-
ings,17 which were subsequently published.18 There was less than 
complete agreement on whether to publish Fouchier’s findings, 
but after extensive revision his manuscript too was published.19 
The US Government also issued revised recommendations on its 
oversight of “dual use research of concern”; i.e., research that is 
considered scientifically useful but could also be used deliberately 
or accidentally to cause harm.20

Influenza virologists believe that publication of their findings 
will have several benefits. For example, Kawaoka has said, “The 
amino acid changes identified here will help individuals conduct-
ing surveillance in regions with circulating H5N1 viruses … to 
recognize key residues that predict the pandemic potential of 
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Clinical and Epidemiologic Findings Suggest an 

Alternative Approach to a Pandemic

If vaccines and antiviral agents will be unavailable to most of 
the world’s people when the next pandemic virus emerges, would 
it be possible to confront the pandemic using an alternative 
approach that targets the host response to the virus? A clue to 
the promise of this approach promise can be seen in the dispar-
ity in the case fatality rates of children and young adults in the 
1918 influenza pandemic.36 This pandemic caused exceptional 
mortality in young adults but not in children. Some scientists 
have ascribed the high mortality in young adults to secondary 
bacterial pneumonia,37-39 but this explanation fails to account for 
the more frequent infection of children with the virus that killed 
young adults and the (almost certain) more frequent colonization 
of their nasopharyngeal passages with the same bacteria found in 
the lungs of young adults who died (Fig. 1).36,40

Influenza virologists recognize that children were not pro-
tected from infection, but “… for reasons that are as mysterious 
today as they were in 1918, they were able to cope with the 
disease much better than their adult counterparts.”41 Although 
these virologists have made extraordinary contributions to our 
understanding of the 1918, H5N1 and other influenza viruses, 
they have been unable to answer the question, “Why did young 
adults die.” The more important question is “Why did children 
live?” The different case fatality rates in children and young 
adults in 1918 might have been due to characteristics specific to 
host responses of children and young adults that differentially 
affected their risks of dying.36,40 Clinicians and epidemiologists 
have documented similar differences in the case fatality rates of 
children and adults in several other infectious and non-infec-
tious conditions.40 These differences might have arisen dur-
ing the course of human evolution. Yet, influenza virologists, 
immunologists and evolutionary biologists appear to have given 
little attention to studying the mechanisms underlying these 
differences.

In older adults, mortality due to seasonal and pandemic 
influenza largely affects those with underlying high-risk con-
ditions: cardiopulmonary diseases, diabetes and renal disease. 
In younger adults those with obesity, asthma and pregnancy 
are affected. In both young and old, these conditions share 
one feature in common: each is characterized by alterations in 
innate immunity that in many instances constitute a form of 
low-grade inflammation known to cardiovascular scientists as 
“metabolic syndrome.”42-46 Among children who die of influ-
enza, most have known immune disorders. In those with fatal 
influenza and no recognized disturbance in immune function, 
it is possible that unrecognized antecedent events have induced 
cytokine dysregulation and increased their vulnerability to 
influenza-related complications and death. In all likelihood, all 
of these individuals are at increased risk because their “innate 
immune rheostats” have been set at different and more precari-
ous levels, making them more vulnerable to a loss of innate 
immune homeostasis.47

isolates. Rapid responses in a potential pandemic situation are 
essential in order to generate appropriate vaccines and initiate 
other public health measures to control infection. Furthermore, 
our findings are of critical importance to those making public 
health and policy decisions.”18 However, many influenza scien-
tists doubt this research will yield any practical benefits for influ-
enza virus surveillance or for developing vaccines and antiviral 
agents, at least in the foreseeable future.21,22

The ability of influenza viruses to mutate and yield new viruses 
that might be more virulent or more easily transmitted was earlier 
demonstrated in vivo for the 2009 pandemic A (H1N1) (pH1N1) 
virus in mice23 and ferrets.24-26 These reports appeared before the 
H5N1 studies of Fouchier and Kawaoka came to NSABB and 
public attention. A more recent study has reported the in vitro 
evolution of two mutant H5N1 viruses, one that was transmissi-
ble by direct contact and another that was partially transmissible 
by droplets in ferrets.27 Fouchier and Kawaoka found that only 3 
to 5 mutations were required to generate respiratory transmissible 
H5N1 viruses. Other investigators using mathematical models 
have concluded, “the remaining mutations could evolve within 
a single mammalian host, making the possibility of a respiratory 
droplet–transmissible A/H5N1 virus evolving in nature a poten-
tially serious threat.”28

The H5N1 transmissibility research controversy is slowly 
moving toward resolution. Eventually, new rules for this and 
other types of “dual use research of concern” will be formulated. 
In the meantime, it is worth asking whether this controversy has 
something else to teach us.29

Adequate Global Supplies of Vaccines  

and Antiviral Agents won’t be Available  

for a Global Response to the Next Pandemic

The concerns expressed by influenza virologists and biosecurity 
experts about H5N1 transmissibility research are understand-
able. However, both groups have overlooked a far more impor-
tant question: could an effective global response be mounted to 
confront a pandemic caused by a new highly transmissible and 
virulent influenza virus, regardless of whether it is a laboratory-
generated H5N1 virus or (more likely) a naturally derived variant 
of the currently circulating H5N1 or seasonal influenza viruses? 
This question is critically important, for if a virus as virulent as 
the one that caused the pandemic in 1918 were to emerge today, 
it might kill 62 million people worldwide.30

The global response to the relatively mild H1N1 influenza 
pandemic in 2009 amply demonstrated that scientists, com-
panies and public health officials working together lacked 
the capacity to rapidly develop,31 produce32 and distribute33-35 
affordable supplies of pandemic vaccines and antiviral agents in 
time to mitigate the pandemic’s impact on more than 90% of 
the world’s people. This is incontrovertible evidence that in the 
event of a new and more severe influenza pandemic, regardless 
of its provenance, it will be impossible to successfully imple-
ment an effective global public health response that targets only 
the virus.

David S. Fedson, M.D. December 13, 2015 



Th
is

 m
an

us
cr

ip
t h

as
 b

ee
n 

pu
bl

is
he

d 
on

lin
e,

 p
rio

r t
o 

pr
in

tin
g.

 O
nc

e 
th

e 
is

su
e 

is
 c

om
pl

et
e 

an
d 

pa
ge

 n
um

be
rs

 h
av

e 
be

en
 a

ss
ig

ne
d,

 th
e 

ci
ta

tio
n 

w
ill

 c
ha

ng
e 

ac
co

rd
in

gl
y.

©
20

13
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

www.landesbioscience.com Human Vaccines & Immunotherapeutics 3

it is difficult to imagine how factors intrinsic to the virus could 
have been solely responsible for the different mortality rates seen 
in children and adults in the 1918 pandemic.36,40

A dysregulated host response appears to be the principal fac-
tor responsible for fatal influenza. Since timely and affordable 
supplies of vaccines and antiviral agents won’t be available when 
the next pandemic virus emerges, the challenge to laboratory 
and clinical investigators is to identify existing agents that can 
reestablish the host’s capacity for self-regulated homeostasis. An 
abundance of clinical and laboratory research indicates this can 
be done.

Targeting the Host Response to Pneumonia and 

A growing body of evidence suggests it should be possible to mod-
ify the dysregulated host response of patients with community-
acquired pneumonia and influenza and improve their survival.36 
For many years, physicians have used 3-hydroxymethyl-3-glu-
taryl coenzyme A (HMG-CoA) reductase inhibitors (statins), 
peroxisome proliferator activator receptor (PPAR)! and PPAR" 
agonists (fibrates and glitazones, respectively) and AMP kinase 
agonists (metformin) to treat the dysregulated host responses of 
patients with chronic heart diseases and diabetes mellitus. The 
clinical benefits and safety of these immunomodulatory agents 
are widely known. In addition to their effectiveness when given 
as long-term treatment, they have beneficial effects when given 
acutely; for example, when statins are given to patients within 
24 h following hospitalization for acute myocardial infarction, 

Human influenza is associated with elevated levels of pro- and 
anti-inflammatory cytokines and chemokines, and the greater 
the degree of dysregulation, the greater the likelihood of severe 
or fatal illness.48 Even in patients with mild illness, elevated cyto-
kine levels distinguish between those who develop symptoms 
and those who have asymptomatic infection.49 Few people with 
fatal influenza die during the first few days of illness when a pro-
inflammatory response dominates. Instead, like patients with 
sepsis,50 most die during the second week or later when an anti-
inflammatory response and immunosuppression become domi-
nant and virus replication has decreased.36,40 These changes in the 
host response have been demonstrated in studies of H5N1 and 
non-H5N1 influenza viruses in mice,51 ferrets52 and non-human 
primates,53 and interactions between virus and host factors that 
determine the course of illness have been discussed extensively by 
influenza virologists.54-57

Many influenza virologists are convinced that virus factors - 
infecting dose, extent of replication and degree of virulence - prin-
cipally determine the outcome in influenza, hence their emphasis 
on controlling the disease with vaccines and antiviral agents.57-59 
No one would argue seriously that these factors are unimportant. 
Nonetheless, they cannot explain why an inactivated H5N1 virus 
can cause fatal acute lung injury in mice,60 nor why survival in 
the acute lung injury seen in sepsis, pneumonia and influenza is 
determined by active resolution of inflammation,61,62 the restora-
tion of pulmonary endothelial barrier integrity,63 mitochondrial 
biogenesis64-66 and changes in energy metabolism.67,68 Most of all, 

Figure 1. Discrepancy between clinical in!uenza attack rates and in!uenza pneumonia mortality rates in the 1918 in!uenza pandemic (adapted from 
ref. 38).

David S. Fedson, M.D. December 13, 2015 
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after one or two days the mice stopped eating, and therefore were 
no longer being treated.81 In a much larger study, several differ-
ent statins were tested against several different influenza viruses 
in BALB/c mice.82 No meaningful evidence of protection was 
shown, but again the infecting dose of virus was highly lethal. 
Moreover, treatment was given for only a few days, and it is well 
known that early cessation of statin treatment during an inflam-
matory illness in both mice and humans leads to a rebound 
hypercytokinemia and increased mortality.83

A limited number of laboratory studies have shown the effec-
tiveness of other immunomodulatory agents in mouse models 
of influenza. Post-infection treatment with resveratrol (a plant 
polyphenol with immunomodulatory activities)84 and gemfibro-
zil85 significantly improved survival in influenza virus-infected 
mice, and similar improvements have been demonstrated for pre-
infection treatment with pioglitazone86 and pioglitazone com-
bined with AICAR, a metformin-like drug.87 In two studies that 
evaluated the effects of treatment on virus replication, pulmonary 
virus levels were either unchanged86 or reduced.84 A more recent 
study has shown that treatment of mice with the PPAR" ago-
nist 15-deoxy-#12,14-prostaglandin J2 (15d-PGJ2), starting one day 
after infection, improved survival from 14% to 79% and mark-
edly reduced.88 Surprisingly, 15d-PGJ2 treatment started on day 0 
was not protective. Moreover, although protection by 15d-PGJ2 
could be reversed by a specific PPAR" antagonist, treatment with 
rosiglitazone (a clinical PPAR" agonist that also has non PPAR" 
activities) on day 0 or day 1 was not protective. In another study, 
a highly active glutathione derivative (glutathione is an important 
intracellular antioxidant) strongly inhibited PR8 influenza virus 
replication in vitro by blocking cytoplasmic maturation of the 
virus hemagglutinin, and treatment of influenza virus-infected 
mice reduced mortality 4-fold.89 Statins, glitazones, fibrates and 
metformin all upregulate glutathione activity.90 It is important to 
note that none of these experimental studies included co-treat-
ment with a recognized antiviral agent.

Reports on the effects of immunomodulatory agents in human 
influenza are limited to statins. Two reports have appeared on the 
effects of statins on laboratory-confirmed human influenza. In 
an observational study of 1520 patients hospitalized in 2009 with 
pH1N1, preadmission statins were associated with a statistically 
nonsignificant 28% reduction in hospital mortality (adjusted OR 
0.72; 95% CI 0.38–1.33).91 Unfortunately, the investigators gath-
ered no data on inpatient statin use. More important, an observa-
tional study has reported on statin treatment of 3043 older adults 
hospitalized in 2007–2008 with laboratory-confirmed seasonal 
influenza.92 Statins were begun as outpatient treatment in 96% 
of patients and were either continued or started after hospital 
admission in 87%. Statin use was associated with a statistically 
significant 41% reduction in mortality within 30 d of a positive 
test for influenza virus (adjusted OR 0.59; 95% CI 0.29–0.92; 
deaths occurred either in the hospital or shortly after discharge). 
The results of this pivotal study provide compelling evidence to 
support the concept that immunomodulatory treatment of influ-
enza should work.

they significantly reduce hospital mortality.69 These agents have 
also been shown to have overlapping anti-inflammatory and 
immunomodulatory (pleiotropic) activities in mouse models of 
systemic inflammation, both sterile [e.g., after endotoxin (LPS) 
treatment] and infection-induced [e.g., cecal ligation and punc-
ture (CLP)] sepsis.36

Observational studies in humans have evaluated the effects 
of statins in patients with pneumonia (there are no studies of 
fibrates, glitazones or metformin). Most but not all of these stud-
ies have shown that outpatients taking statins (almost certainly 
for cardiovascular reasons) have reduced rates of pneumonia 
hospitalization and death.70-75 Three observational studies have 
documented the effects of inpatient statin treatment on pneumo-
nia mortality. In one study of 1985 patients, continued statin use 
in the hospital reduced hospital mortality by 27% [adjusted odds 
ratio (OR) 0.73; 95% confidence interval (CI) 0.47–1.13; p = 
0.15].76 In a second study of 121,254 inpatients, statin treatment 
reduced hospital mortality in those not admitted to intensive care 
by 21% (adjusted OR 0.79; 95% CI 0.71–0.87), but it had no 
effect on mortality in those who required intensive care (adjusted 
OR 0.93; 95% CI 0.81–1.06).77 The third study reported the 
results of a propensity matched case-control study that used a 
Department of Veterans Affairs administrative database of 
patients % 65 y of age hospitalized with pneumonia (11,498 cases 
and 11,498 controls).78 Inpatient statin treatment was associated 
with a 32% reduction in 30-d mortality (adjusted OR 0.68; 95% 
CI 0.59–0.78). In addition, outpatient statins were associated 
with a 26% reduction in 30-d mortality (adjusted OR 0.74; 95% 
CI 0.68–0.82). Outpatient and inpatient use of angiotensin-
converting enzyme (ACE) inhibitors and angiotensin II receptor 
blockers (ARBs) were also associated with significant reductions 
in 30-d mortality, but there was no analysis of combination treat-
ment with a statin and either an ACE inhibitor or an ARB.78

No reports have been published of randomized controlled tri-
als of statin treatment of patients with pneumonia. However, a 
single center clinical trial conducted in 100 patients hospitalized 
with sepsis has shown that atorvastatin (40 mg/day) significantly 
reduced progression to severe sepsis (4% in treated patients vs. 
24% in controls; p = 0.007).79

In 2004, it was suggested that statins might be useful in reduc-
ing mortality from pandemic influenza.80 This idea was based on 
the well-established phenotypic benefits of acute statin treatment 
in patients with acute myocardial infarction, and the possibility 
that similar benefits might be seen in patients with severe influ-
enza. Over the next few years, several influenza virologists failed 
to show that statins could reduce influenza mortality in mice, 
although none of their studies has been published (DS Fedson, 
unpublished observations).

Two recent studies failed to show that statins reduce mortal-
ity in mouse models of influenza. In one report, rosuvastatin 
(administered in the diet) failed to protect C57Bl/6 mice infected 
with H3N2 and WSN influenza viruses, but the infecting doses 
of virus were very high (LD100) and there was clear evidence that 
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of their potential mechanisms of action (Table 1; refs. 36, 96, 
97 and DS Fedson, unpublished data). Other immunomodula-
tory agents have been suggested as candidates for influenza treat-
ment.98 ACE inhibitors and ARBs are among the most promising 
agents,78 but there are no studies of their use in experimental 
models of influenza. Among other agents that are licensed, (e.g., 
macrolides, cyclooxygenase-2 inhibitors), few data support their 
use. For other candidate agents (e.g., anti-TNF therapy, mesen-
chymal stem cells, angiopoeitin-1, high mobility group box-1 
antagonists), limited supplies, high costs and/or their investiga-
tional status mean that many years will pass before any of them 
can be considered seriously for clinical trials in influenza patients.

We already have an indication that immunomodulatory 
treatment might reduce the higher influenza mortality rates of 
younger adults. In an experiment published in 2008, “children” 
and “young adult” mice were subjected to ischemia reperfusion 
injury of the liver.99 (In “young adult” mice more so than in “chil-
dren,” this condition is highly inflammatory and often fatal). In 
this study, pre-treatment with rosiglitazone was able to “roll back” 
the harmful inflammatory response of young adults to the more 
benign response of children. This important experiment could 
have implications for patient care in an influenza pandemic. In a 
study comparing the effects of pH1N1 virus infection in newly 
weaned and adult ferrets, the immunological and pathological 
findings in newly weaned ferrets were less severe and the clinical 
illness was much milder.100

The four groups of the immunomodulatory agents mentioned 
above are now produced as inexpensive generics in develop-
ing countries. If these agents could be shown convincingly to 
reduce mortality in patients with severe influenza, they would be 

Questions about the Effectiveness of Statins in 

The results of this pivotal study have been questioned because it is 
thought that patients who received statins were “healthy users.”93 
The same reason has been used to claim that observational stud-
ies showing the effectiveness of influenza vaccination in reducing 
hospitalizations and deaths are similarly biased; in other words, 
vaccination appears to be effective (but is not) because relatively 
healthy older adults take better care of their health (and get more 
vaccines) than those who are less healthy, and thus they are more 
likely not to be hospitalized or die because they are healthier, 
not because they have been vaccinated.94 The statins investiga-
tors responded to this criticism by listing the steps they took in 
their analysis to control for healthy user bias.95 The critics failed 
to mention that the healthy user bias had already been accounted 
for by the investigators in their adjusted analysis: the 41% reduc-
tion in mortality with statin treatment was in addition to any 
reduction that might have been attributable to previous influenza 
vaccination and antiviral treatment.92

The results of most observational studies demonstrate the phe-
notypic effects of statin treatment in reducing pneumonia and 
influenza mortality. To date, no such studies have been reported 
on the effects of glitazones, fibrates or metformin, although 
observational studies of large groups of diabetic patients would be 
informative. Nonetheless, the known immunomodulatory effects 
of these agents in other conditions characterized by cytokine 
dysregulation (e.g., cardiovascular disease, metabolic syndrome, 
diabetes) as well as their effects in several experimental models 
of infection and inflammation have provided insights into some 

Table!1. Cell signaling pathways that might be targeted by immunomodulatory treatment*
† and decrease TLR signaling by PAMPs and DAMPs

!, IL-1, IL-6)

$)

and other organs

!, improve mitochondrial function and restore mitochondrial biogenesis and metabolic homeostasis

*Adapted from references 36 and 96 and DS Fedson, unpublished observations. †HO-1, heme oxygenase -1; TLR, Toll-like receptor; PAMP, pathogen-
associated molecular pattern; DAMP, damage associated molecular pattern; NF-kappaB, nuclear factor kappaB; TNF!, tumor necrosis factor !; IL-1, 

$, transforming growth factor $
endothelial nitric oxide synthase; iNOS, inducible nitric oxide synthase; C5aR, C5a receptor; Treg, T regulatory; AMPK, adenosine monophosphate-

!, peroxisome-proliferator-activated receptor (PPAR)" coactivator-1!.
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price per generic dose would be $0.17. Almost 20 billion doses 
would be distributed in countries outside the United States, 
Canada and Western and Central Europe. If it were assumed 
that in a pandemic, 5% (350 million) of the world’s 7.0 bil-
lion people would need to be treated for ten days (a deliberately 
exaggerated assumption), 3.5 billion doses would be required. 
This would account for approximately 7% of the annual con-
sumption of statins worldwide. Information on statins and the 
other immunomodulatory agents mentioned above needs to be 
updated. Nonetheless, it is already evident that these drugs are 
currently available as generics wherever there are physicians who 
treat patients with cardiovascular diseases and diabetes. In most 
countries, expensive programs for stockpiling them would not 
be needed.

Soon after the H1N1 pandemic virus emerged in 2009, several 
groups of intensive care specialists tried unsuccessfully to initiate 
randomized controlled trials of statins in pH1N1-infected, ICU-
admitted patients.111,112 The focus on statins was based largely on 
encouraging findings from observational studies of statins use in 
patients with sepsis and pneumonia (no such information was 
available for the other agents). Nonetheless, there is broad agree-
ment that randomized controlled trials will be needed to deter-
mine whether immunomodulatory treatments are efficacious. 
In anticipation of the next pandemic, clinical trials should be 
organized beforehand so they can be started immediately after 
the emergence of a new pandemic virus. In the meantime, simi-
lar trials conducted in patients with seasonal influenza should be 
undertaken. Investigators will have to decide whether the trials 
should be restricted to ICU-admitted patients, who might not 
benefit,76,77,113 or include all hospitalized patients at risk of rapidly 
developing more serious illness.79 Regardless of their design, the 
trials will be expensive, so animal studies comparing different 
immunomodulatory agents will be needed to guide the choice of 
which agent(s) to evaluate in clinical trials.

Animal Studies of Immunomodulatory Treatment of 

Investigators will need to proceed with caution because the results 
of laboratory studies might be difficult to interpret.81,82 For exam-
ple, studies by several virologists have yet to show that statins are 
effective in mouse models of influenza, yet many human studies 
suggest that they are (see above). There is no ready explanation 
for these discordant results, but it is worth noting that although 
the molecular mechanisms for the inflammatory responses of 
humans and mice are in many ways similar, they are quantita-
tively very different. For example, a comparison of the response 
of human and mouse macrophages to LPS-induced inflamma-
tion showed that the human response was 10,000 times more 
sensitive to LPS than that of mice.114

In mouse models of immunomodulatory treatment, choos-
ing a test virus that more clearly mimics human influenza 
virus infection could be important (Table 2). For example, 
the mouse-adapted PR8 virus is highly lethal for mice, but 
markedly less so for man, so a pH1N1 virus might be a better 
choice. Likewise, choosing an appropriate infecting dose is also 

available to treat patients in any country with a basic health care 
system on the first pandemic day. For each patient, the cost of 
this “bottom up” approach would be less than one dollar.36

Note

Physicians often use corticosteroids to treat patients with sepsis, 
severe acute lung injury and acute respiratory distress syndrome 
in the hope that the anti-inflammatory effects of these agents 
will improve survival. Unfortunately, the evidence support-
ing their use is weak.101,102 This includes observational studies 
in 6650 patients and ten randomized controlled trials involving 
1090 patients hospitalized with pneumonia due to pandemic 
H1N1 virus infection.102 Some of these studies have even shown 
that corticosteroids were harmful,103,104 leading to a spirited 
discussion of the pros and cons of steroid treatment for viral 
pneumonia.105,106

A full discussion of corticosteroid treatment lies outside the 
bounds of this review. Nonetheless, it is worth noting the con-
siderable overlap in their cell-signaling pathways and those for 
the immunomodulatory agents under discussion here (Table 
1 and ref. 106). There is also considerable molecular crosstalk 
between PPAR agonists and the glucocorticoid receptor.107,108 
Thus, despite encouraging results from the observational stud-
ies reviewed above, these similarities argue for caution regard-
ing benefits that might be anticipated from treating influenza 
patients with statins and these other agents. That being said, 
fibrates and statins enhance the signaling effects of corticoste-
roids,108,109 so combination treatment that includes a corticoste-
roid might be more beneficial than single agent treatment. In 
addition, a direct comparison of dexamethasone and pioglitazone 
treatment of smoke-exposed mice infected with H1N1 influenza 
A virus showed greater efficacy for pioglitazone.110

A Research Agenda for Immunomodulatory 

Several years ago, a five-point research agenda was proposed for 
identifying one or more immunomodulatory agents that might 
be used to manage patients with pandemic influenza (Table 2 
and ref. 36). If immunomodulatory agents could be shown to 
be effective, they would be used primarily to treat pandemic 
patients with severe, life-threatening illness, although for special 
groups (e.g., health care workers or very high-risk patients) they 
might also be used for prophylaxis, especially when vaccines and 
antiviral agents are unavailable.

Since this agenda was first presented, there has been progress 
on several fronts. We now have good international information on 
the companies that produce statins, glitazones, fibrates and met-
formin. We also have information on quantities produced each 
year, distribution channels and wholesale prices for branded and 
generic products. For example, a few years ago it was estimated 
that in 2012, 48 billion doses of statins would be distributed 
throughout the world (DS Fedson, unpublished observation). Of 
these doses, 77% would be produced as generics, and the average 
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.with ORS that has saved millions of lives. Had decisions been 

made long ago to ignore the possibility of simple and inexpensive 
treatment and instead focus only on developing vaccines, these 
millions would have died. Scientists and health officials respon-
sible for developing a practical response to a global influenza pan-
demic should learn from this history.

Conclusion

The dysregulated host response seen in severe influenza (and 
many other conditions) might be treatable with safe, inexpensive 
generic immunomodulatory agents. Whether these agents will 
actually be effective in routine clinical care needs to be demon-
strated in further laboratory and clinical research. Nonetheless, 
it should be clear to everyone that such treatment would be of 
immense practical importance to global public health. Until now, 
influenza virologists have been reluctant to undertake experi-
ments to identify potentially useful and widely available agents 
that investigators could test in clinical trials and physicians could 
use to manage their patients. Until they do, public health offi-
cials will have no alternative but to recommend that most of the 
world’s people confront the next global influenza pandemic with 
little more than hand washing and social distancing. These “tech-
nologies” represent the best of 19th Century public health prac-
tice. In the 21st Century, we can and should do much better.36,130

The debate about H5N1 transmissibility research should 
be about more than how to define its boundaries, important 
though this may be. The controversy presents influenza virolo-
gists, bio-security experts and public health officials with a new 
opportunity to jointly define a research agenda to identify exist-
ing immunomodulatory agents that could be used in a practical 
response to a global influenza pandemic. This opportunity must 
not be wasted.
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probably important; an illness caused by a dose that is 100% 
lethal in mice will probably not reflect the spectrum of human 
influenza because not all patients with severe illness die. The 
choice of mouse strain might also be critical. Influenza virolo-
gists usually use either inbred BALB/c or C57Bl/6 mice,115 and 
these two strains have been used in all experimental studies 
of immunomodulatory agents.84-89 These strains might not be 
optimal for determining which agent might best counteract the 
more intense inflammatory response in man. For example, in 
a study of host factors involved in the pathogenesis of pH1N1 
virus influenza, BALB/c mice, which have a Th-2 bias, were 
shown to be less suitable than C57Bl/6 mice, which have a Th-1 
bias.116 Neither strain might be as suitable as DBA/2J mice, 
which have a more intense inflammatory response to influenza 
virus infection.117-119 Investigators should also consider testing 
immunomodulatory agents in mice that have the same high-
risk conditions as humans; e.g., pregnancy,62 obesity120 and 
cardiovascular disease.121 Once the most promising immuno-
modulatory agent (or combination of agents) has been identi-
fied, it should then be studied in ferrets and, if necessary, in 
non-human primates. In all of these studies it will be important 
to compare responses in “children” and “adults.”

The Broader Implications of Immunomodulatory 

Treatment for Global Health

Despite compelling arguments for undertaking the laboratory 
and clinical research needed to show definitively whether immu-
nomodulatory agents would improve survival in severe influ-
enza, virologists and public health officials, including those at 
the World Health Organization, remain focused on targeting 
the virus. Yet success with treating the host response to influenza 
might be extended to the management of several other diseases in 
which cytokine dysregulation and the loss of homeostatic defense 
mechanisms leads to poor outcomes; for example, pneumococcal 
pneumonia,122 severe malaria,123 dengue hemorrhagic fever124 and 
critical illness associated with trauma125,126 and burn injury.127,128

Almost a half-century ago, physicians and public health offi-
cials learned that syndromic treatment of the host response to 
severe acute diarrheal illness could be accomplished with an 
inexpensive and universally available oral rehydration solution 
(ORS).129 Although vaccines that target a few of the pathogens 
responsible for diarrheal disease have been developed since then 
(e.g., cholera and rotavirus vaccines), it is syndromic treatment 

Table!2. Research to identify immunomodulatory agents that might be used to treat pandemic influenza patients*

 
and costs to public programs

*Adapted from reference 36.
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ALLEGED GoF BENEFITS 
Excerpts from RBA Report Plotkin comments 

GoF approaches that alter host range and enhance 
virulence uniquely enable the development of 
animal model systems that recapitulate human 
disease pathogenesis  

True for enhancement of animal virulence, but 
issue is increasing human virulence, which is not 
the same, and infectiousness is just as important, 
as shown by high virulence but low spread of avian 
strains. 

GoF approaches that enhance virulence are also 
uniquely capable of showing that live attenuated 
vaccines (LAVs) do not recover virulence upon 
growth in vivo 

LAVs are not made that way, they are made with 
RNA segments of attenuated virus and RNA 
segments of current virus that give 
immunogenicity.  There is no example of LAV 
becoming more virulent in vivo 

This particular type of experiment simply increases 
the human health risk of the attenuated strain to 
approach that of wild type strains 

Not true if HA made hypervirulent. 

GoF that lead to evasion of therapeutics are critical 
for the development and regulatory approval of 
new therapeutics 

Nonsense.  Resistance to neuraminidase inhibiitors 
has not heeded approval. 

Of note, adaptation to a new host typically 
attenuates virulence in the original host (in the 
case of SARS and MERS-CoV, humans) 

Don't understand this. Adaptation to humans  of 
SARS resulted in more virulence for humans. MERS 
is more virulent for humans than camels. 

GoF can enhance virus production No relationship to enhancement of  virulence 
GoF approaches that enhance the infectivity, 
transmissibility  and virulence of influenza viruses 
inform pandemic risk assessments of circulating 
influenza viruses 

So far this is unproven. 

These risk assessments facilitate more rapid 
initiation of response activities such as pre-
pandemic vaccine 

Only true if there is natural increase of virulence. 
In any case, avian flu has high mortality but has yet 
to become epidemic 

GoF approaches also guide selection of viruses 
used as the basis of pre-pandemic vaccines 

No truth to this. Antigenic match is more 
important than virulence match 

GoF approaches that lead to evasion of vaccines 
are uniquely capable of determining whether 
viruses can acquire mutations to escape 
neutralization of candidate broad-spectrum or 
universal influenza vaccines, a critical aspect of 
testing the potential field efficacy of vaccines in 
development 

This is tautology.  This is the unproven argument 
for GoF.  We do not know if causing evasion in the 
lab predicts what will happen in nature. 

No increase in human health risk is posed by 
strains that can overcome the protection afforded 
by universal vaccines because the latter are not 
available. 

Don't understand logic.  If a strain evades future 
vaccines it is perforce a threat to health if it 
escapes. 

GoF approaches that lead to evasion of existing 
natural or induced immunity have potential to 
improve the efficacy of seasonal influenza vaccines 

I suppose there is that potential, but no proof as 
yet and danger of escape. 
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From: Inglesby, Thomas [mailto:tinglesby@upmc.edu] 

Sent: Tuesday, December 22, 2015 10:29 AM 
To: Viggiani, Christopher (NIH/OD) [E] 

Subject: RE: agenda and guidance 

Chris – Thanks for sending the attachments. 

Attached is the paper I referred to in the call.  It would be great if you could circulate it with the 
members of the NSABB.   

Much appreciated, 
Tom 

Thomas V. Inglesby, M.D. December 22, 2015 
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Science & Society

How likely is it that biological agents will be
used deliberately to cause widespread harm?
Policymakers and scientists need to take seriously the possibility that potential pandemic pathogens will
be misused

Thomas V Inglesby1,2 & David A Relman3

D uring the past few years, there has

been substantial debate concerning

the risks and benefits of certain

experiments with pathogens—initially moti-

vated by two publications in 2012 that

described laboratory efforts to enhance the

mammalian transmissibility of the avian

H5N1 influenza virus. One of these two

reports was particularly noteworthy because

the experiments were designed to yield new

viruses with a set of properties that together

might confer pandemic potential, such as

high transmissibility, high pathogenicity,

and resistance to commonly available counter-

measures. Not all research on pathogens

generates such concerns; in fact, it is only a

rare experiment that might lead to the

creation of a novel pathogen with pandemic

potential (PPP). The term “gain-of-function”

has also been used to describe this realm of

research, but it refers to a much broader

range of widely accepted non-controversial

research techniques and goals. For that

reason, we think it should not be used in this

discussion and refer to this work with the

more precise term of PPP.

......................................................

“To say that no one would
now or ever use PPP for
deliberate misuse is grossly
irresponsible guesswork”
......................................................

Proponents of such research argue that it

is necessary to understand the evolution of

pathogens and mechanisms of pathogenesis

and transmission and that this knowledge

can help public health authorities, vaccine

manufacturers, and governments prepare for

potential epidemics. Those concerned about

PPP argue that this work is not critical for

vaccine development or disease surveillance

and that the accidental release of PPP—

owing to insufficient biosafety or biosecurity

or to laboratory accidents—could cause

major outbreaks or even a pandemic [1,2].

Much less has been said or written,

however, about the danger that such patho-

gens or their genome sequences could be

deliberately misused to cause harm.

W hile the reporting of accidents

and the collection and sharing of

this safety information could

(and should) be improved, it is possible to

calculate a baseline probability of accidental

releases from laboratories that perform

PPP-related research with data based on

existing records and statistics about

biosafety and laboratory accidents in the

USA and elsewhere [1]. Such calculations

for example suggest at least a 0.2% chance

of a laboratory-acquired infection per BSL3

laboratory year. A similarly quantitative risk

assessment of the intentional misuse of PPP,

however, is not possible. Such a calculation

would require reliable, quantitative data on

a variety of probability assessments: the

probability that a person, group, or country

intends to release PPP; that a person, group,

or country has the means to obtain the

pathogen or has the capacity to generate

one from published data; and, that a person,

group, or country has the means of

distributing a PPP in a way that would start

an epidemic. Those kinds of data are not

presently available, nor will they be in the

foreseeable future. However, other kinds of

assessments could and should be made,

including the human and political motiva-

tions that might lead to the misuse of PPPs,

the weaknesses of security systems, the

global distribution and quality of research

capacity, and the availability of published

research information. All of these could

provide insight related to the risk posed by

the deliberate misuse of PPP.

......................................................

“The fact that a technology
has not been misused is an
unreliable predictor of its
potential future misuse. . .”
......................................................

How can we therefore assess the risk that

individuals, groups, or countries will start a

pandemic with a PPP either now or in the

future? Some involved in this debate have

argued that since there have been no

known attempts to use pathogens to start

pandemics in recent times, there is little risk

of it occurring in the future. Throughout

history, however, there are examples of

periods in which the potential of a new

technology to be used for harm was not

seen, or was denied up until the moment it

was used as a weapon. Such moments often

occur during periods of political, economic,

or social upheaval, especially as the techno-

logy proliferates and disseminates. Tanks,
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for example, were initially seen as having

very specific limited uses in battle, until the

purpose and technologies related to tank

warfare changed substantially in light of the

trench warfare in World War I. Chlorine and

its derivatives were first used to bleach

textiles and anesthetize patients—until

combatants introduced the large-scale use of

chemical weapons on the battlefield during

World War I, beginning with the deadly use

of chlorine gas. Commercial airplanes

were a boon for international travel and

commerce, and hijackings were uncommon—

until the late 1960s when scores of hijack-

ings occurred. Modern terrorists, it was

broadly stated, only wanted to frighten

people, not kill large numbers of them—

until terrorists hijacked airplanes and flew

them into buildings, or blew them up in

mid-air. Today, some extremist groups seek

to kill as many of their enemy as possible—

the attacks of 9/11 and many since

have shown that clearly. The fact that a

technology has not been misused is an

unreliable predictor of its potential future

misuse. Similarly, past actions of a parti-

cular terrorist group do not dictate what it

will do in the future.

......................................................

“If a terrorist group or country
were to place a high enough
value on obtaining a PPP
strain, there would be a
successful theft”
......................................................

Some might say that because experts

cannot agree on the likelihood of a PPP

being used in a terrorist attack, but that it

might be small, the reasonable path to

follow would be to assume that it will not

happen. The counter-argument, which is the

one we would support, is that the lack of

agreement is a sign of the great complexity

and uncertainty surrounding these issues.

Given the potential consequences, we

should err on the side of caution. There is a

frequent presumption that other people,

institutions, and countries will act as we do.

This idea is called the Rational Actor Model

for behavior, and it had serious potential

consequences when it affected decisions

made during the Second World War and the

Cuban Missile Crisis [3]. We must avoid this

pitfall when assessing the risks posed by the

deliberate use of PPP.

There are other possibilities as to why

people might deliberately use PPP to cause

harm. Scientists could conceivably be co-

opted to do things against their will because

of extraordinary pressure or threat brought

to bear. Alternatively, scientists could be

convinced or seduced unwittingly to do things

that aid and abet someone else whose ultimate

purpose they did not appreciate or support.

If the potential consequences of PPP were

not so serious, then speculation about the

motivations of various actors around the

world would be less important, as the

penalty for being wrong would not be so

great. But given the potential consequences

of the misuse of PPP, it is critical to admit

how much we do not and cannot know. The

world is a huge, heterogeneous, complicated

mix of cultures, motivations, drivers, and

decisions. To say that no one would now or

ever use PPP for deliberate misuse is grossly

irresponsible guesswork.

U nder what conditions might a person

or group choose to start a pandemic

with a PPP? The Islamic State and its

affiliates use apocalyptic rhetoric and have

seemingly few limits to their brutality, as the

recent, horrific attacks in Paris demon-

strated. The Islamic State has also sought to

recruit scientists to help meet its ends. Paris

is only the latest in a long list of recent

examples of mass killings. Suicide bombers

working for religious extremist groups have

targeted places of worship, markets, and

schools throughout the world. A lone, suici-

dal airplane pilot killed hundreds of people

as collateral to his own suicide. As a thought

exercise, would you give The Islamic State,

or suicidal or homicidal people access to

guns? Would you give them access to a virus

that was both lethal and transmissible? You

probably answered no to both because you

think it at least conceivable that people in

these situations could make terrible decisions

that seem inconceivable to most of the world.

Are there any conditions under which a

country might choose to start a pandemic

with a PPP? It would seem improbable given

that the consequences could devastate that

country itself as the pandemic spreads.

However, there are reasons why a country

might consider it. Countries that wish to

have an insurance policy against invasion

might threaten use of a PPP in retaliation, as

some do now with nuclear weapons. Countries

could also use the prospect of PPP to compel

other countries to act in certain ways, or to

levy demands or extort concessions, as some

countries that possess nuclear weapons now

do. If a country were to develop a vaccine

that was effective against a particular PPP

and so could protect its own population,

then it might have a lower threshold for

using PPP for harm. Countries could even

plan to use PPP in the case of defeat, as the

former Soviet Union planned to do during

the Cold War [4]. As a thought experiment,

do you think it would be prudent to dissemi-

nate PPP laboratory strains to every nation

in the world for their own national research

programs? You probably do not; perhaps not

even those nations you might be inclined to

trust. Part of your reasoning might be that

you have concerns about laboratory safety.

But you also probably have other concerns

and uncertainties about the possible fate of

those PPP strains. And yet because of

reverse genetics, publishing PPP genome

sequences in the public domain is in some

ways the same as distribution of the virus

itself.

......................................................

“If the number of laboratories
doing this work grows, the
opportunity to divert and
obtain PPP strains will grow
too in addition to the risks
associated with potential
laboratory accidents”
......................................................

Another consideration is that the line

between countries and terrorist groups is not

always distinct. It is clear that some terrorist

groups are supported by nation-states and

vice versa. And it is evident that some terror-

ist groups act as proxies for nation-states. In

addition, leading scientists working within a

country might not be under the control of

national authorities, as was the case in the

history of nuclear weapons proliferation

(www.fas.org/sgp/crs/nuke/RL34248.pdf).

What might seem implausible when consid-

ering the intentions of one specific entity

might become plausible when considering

the connections and relationships between

individuals, terrorist groups, and countries.

W ould a person, group, or country

intending to start a pandemic be

able to obtain a PPP? Some labo-

ratories working on pandemic strains have
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sophisticated security measures to prevent

theft, which present a considerable chal-

lenge for anyone intent on stealing them.

But if an entity with the means were

committed to obtaining those strains, would

those security plans be insurmountable?

Could anyone working in those laboratories

be convinced through some means—

bribery, extortion, or disgruntlement, for

example—to steal strains from the labora-

tory? Humans design and operate security

systems, which means these systems have

vulnerabilities. Items with high value—

money, art, weapons designs, new technolo-

gies, financial information—are stolen all

the time. If a terrorist group or country were

to place a high enough value on obtaining a

PPP strain, there would be a successful

theft. In the past, when countries wanted

access to new weapons or business tech-

nologies to give them an edge, they used

insiders at appropriate locations to obtain

that information. If PPP strains were seen as

similarly valuable for their potential to do

harm, then similar efforts would be likely.

These efforts would be all the more success-

ful if they targeted laboratories with lesser

degrees of physical and operational security.

These risks will increase if PPP research

continues and expands. For now, research

on PPP strains is conducted in only a few

laboratories. But given the attention and

high impact publications that have followed

this work, other laboratories will want to

initiate similar research programs. Some will

have capabilities in viral reverse genetics to

re-create viral PPP starting with only the

genomic sequence data. Currently, there are

no global standards to say who will or will

not be allowed to do this kind of work. Calls

to try to limit PPP experiments have already

been rejected as a misguided effort to

control new technologies. If the number of

laboratories doing this work grows, the

opportunity to divert and obtain PPP strains

will grow too in addition to the risks associ-

ated with potential laboratory accidents.

Clearly, the vast majority of life scientists

are dedicated to the search for new knowl-

edge that might benefit the planet, or for

cures and vaccines, as examples. But this is

not universally true. Some scientists may

have a morbid curiosity to learn whether an

alleged finding or a claim holds water. Some

have infected others with pathogens from

their own laboratories [5]. Some have

cheated and misled their colleagues with

false data [6]. Various countries have

employed scientists to create weapons from

pathogens, in some cases at large scales [7].

Scientists have joined terrorist groups, as

was the case of Yazid Sufaat working for

Al Qaeda (http://www.weeklystandard.com/

al-qaedas-anthrax-scientist/article/16989). Our

planning to cope with the risks of PPP—as

well as for other potential future challenges

in the life sciences—needs to acknowledge

this.

E ven if interested parties were not able

to obtain PPP directly, there is still a

risk that a person, group, or country

with the intention of starting a pandemic

could create such agents based on publicly

available information. One of the fundamen-

tal building blocks of scientific research is its

reproducibility: if an experiment cannot be

reproduced, the results will be called into

question. Scientists publishing their work in

peer-reviewed scientific journals are there-

fore required to describe their methods and

experiments in sufficient detail so as to

enable their colleagues to repeat it. Unless

this requirement were changed in the special

case of PPP research—and there are no

indications that this will occur at this

point—any existing and future publications

on PPP will contain sufficient information

for recreating novel strains of pathogens that

are potentially lethal and transmissible in

humans.

......................................................

“Countries around the world
have a right to know where this
work is being done given the
risks it poses to their
populations”
......................................................

Only a small number of laboratories can

perform such experimental work under

appropriate biosafety conditions; but if

safety were no longer a major concern, then

the work could be carried out in a broader

variety of laboratory settings. There are

thousands of academic, government, and

private science laboratories around the

world. The 100 leading universities in

the world for microbiology, based on

their research record and reputations, are

located in 20 different countries on five

continents (http://www.usnews.com/edu-

cation/best-global-universities/microbiology

?page=10). Participants and winners in the

International Genetically Engineered Machi-

nes competition (IGEM) come from all

over the world. More than three-dozen

BL4 laboratories existed or were being

constructed as of 2011, located in 18 countries

(http://fas.org/programs/bio/biosafetylevels.

html). More than 1,300 registered BL3 labo-

ratories existed in the USA alone as of 2007

(http://www.gao.gov/new.items/d08108t.pdf).

There is not just an abundance of laborato-

ries that have the necessary equipment and

setup to conduct PPP research, but there is

also no shortage of expertise and work-

force. Employment in the US life sciences

industry alone totaled 1.62 million in more

than 73,000 companies in 2012 (http://

www.nature.com/nbt/journal/v33/n1/full/

nbt.3116.html). Another report noted that

there were at least 500,000 life scientists

in the EU (https://ec.europa.eu/research/

infrastructures/pdf/enabling-science.pdf).

Some have commented that any unsanc-

tioned work to create PPP will not go unno-

ticed and will eventually draw the attention

of laboratory members or superiors or outsi-

ders. But it is not always straightforward to

know what kind of work is going on in a

given laboratory, even from within the same

institution. From a distance, it will be all the

more challenging. The former Soviet Union

had a massive bioweapons program for

decades that was a complete mystery to the

rest of the world.

Another critical factor here is that unlike

the pathogens themselves, which may be

limited to a single location or even

destroyed at some point, their genome

sequences and the information on how to

genetically manipulate them will be publicly

available from the moment it is published

in perpetuity. We not only have to consider

risks for the present, but possible risks for

the future. It is important not only to

acknowledge the limits of our own ability

to make predictions, but also to acknowl-

edge that we are often wrong about these

predictions.

G iven these considerations, the only

reasonable and safe approach for

continuing PPP research is to have

two planning assumptions: There may be

people, groups, and/or countries that are

motivated to obtain PPP and either threaten,

or in fact use them to start a pandemic, and

there will be the means available to obtain

PPP strains if they are created or to re-create

them based on published information.
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What should be done about this? Given

these risks—and the risks involved in poten-

tial laboratory accidents discussed elsewhere

—deliberate efforts to create new PPP

should not be pursued unless a compelling

case can be made that the benefits of a

particular experiment outweigh the risks

including the risks of deliberate misuse. We

do not see that compelling argument for

PPP, but it is possible that such a case could

emerge.

If a decision is made nonetheless to

proceed with PPP research, then a range of

steps should be taken to reduce the risk of

misuse. First, the risk of deliberate misuse

should be taken more seriously. There has

been little debate on the risks of deliberate

misuse since the discussions about GOF,

DURC, and PPP started a few years ago. This

risk has often been dismissed with facile

mischaracterizations such as “people in

caves can’t do this work”. The discussion

clearly requires a far more insightful analy-

sis than that, and any entity funding or

authorizing PPP work should have the best

possible expert assessment on these issues

before proceeding. An expert assessment—

far beyond the considerations raised in this

commentary—would have to include a

determination of the level of scientific train-

ing that would be necessary to re-create

these strains based on published informa-

tion. This kind of assessment would neces-

sarily include scientists who understand

how this work was conducted in the original

setting, as well as whether and how it could

be conducted in a variety of other distinct

settings.

A full assessment of the risk would also

include a serious analysis of the conditions

under which people, groups, and countries

might consider the deliberate use of PPP.

That kind of assessment would logically

include social scientists, political scientists,

and historians who have studied how tech-

nologies to do harm have evolved,

dispersed, and been used. It would also

draw on the talents of those who study the

psychological elements of modern terrorism.

T here are very few pathogens in the

world with the potential to generate

large-scale human-to-human trans-

missible epidemics. Laboratories working

with those pathogens, particularly with PPP

strains, should undergo exceptional external

evaluations of safety and security. Countries

around the world have a right to know

where this work is being done given the

risks it poses to their populations. They

should not just learn about the work when it

is published in a scientific journal. They

should know about the work before it

is started. International norms guiding

research that could result in a pandemic do

not now exist, but should be pursued

(http://www.upmchealthsecurity.org/our-

work/publications/synopsis-of-biological-

safety-and-security-arrangements).

We are hopeful that the US government

review process that is now underway—and

others that follow it elsewhere in the

world—will include a thorough assessment

of the prospect of the deliberate misuse of

PPP. We are also hopeful that US policy-

makers and policymakers around the world

will start to take the possibility of deliberate

misuse more seriously as part of an overall

calculation of the risks and benefits of this

narrow but highly consequential area of

work. As such, we hope they will consider

whether, given the risks, it is defensible to

continue supporting such research.
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From: D Gold 
Sent: Wednesday, December 30, 2015 6:08 PM 
To: National Science Advisory Board for Biosecurity (NIH/OD) <NSABB@od.nih.gov> 
Subject: Comments on GOF Risk Benefit Report 

Dear Dr. Viggiani, 

Attached are my comments on the Gryphon Scientific risk-benefit analysis. I am very concerned 
about the short time-frame provided for public comment. I believe this important issue deserves 
a thorough review, not only by the scientific community immediately involved in the issue, but 
by a lot of other interested people, such as myself, who do not have the resources to review a 
1000 page document, plus additional material, in less than 30 days. 

Thank you for your consideration. 

Deborah Gold, MPH, CIH 
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Deborah Gold 

December 30, 2015 

Christopher Viggiani, Ph.D. 
Executive Director, NSABB 
NIH Office of Science Policy 
6705 Rockledge Drive, Suite 750 
Bethesda, Maryland 20892 
(301) 496-9838 
Via email: viggianic@od.nih.gov, nsabb@od.nih.gov 

Dear Dr. Viggiani and Members of the Board: 

I am writing in regards to the recently published draft report by Gryphon Scientific, Risk and 
Benefit Analysis of Gain of Function Research (Report). My comments today are based on my 
21 years of experience with Cal/OSHA, which began as an industrial hygienist in the 
Enforcement unit, and ended as Deputy Chief for Health, from which I retired in December 
2014. 

I think the less than 30 day period provided between the publication of the Report and the 
January 7-8 meeting is completely inadequate for a thorough review. For that reason I strongly 
suggest that you allow a public comment period of no less than 90 days, which would be more 
typical for such a significant project that has occupational as well as local, regional and world-
wide public health implications. The Report has a number of significant gaps and 
unsubstantiated assertions, which will require time and research to address.  The document 
doesn’t address a number of risks, such as occupational risks to many categories of workers 
(which I will briefly explain below). It also does a poor job of explaining any true benefits to be 
achieved from this research. In this letter, I am addressing only the issues of biosafety as they 
apply to occupational exposures both immediate and distant from the laboratory. I will not try to 
restate the excellent discussion by the Cambridge Working Group (CWG), and encourage you 
to address the issues that they raise.  

As a person who has been involved in public health as an advocate and as an occupational 
safety and health professional for decades, I am particularly appalled that in 2015, a 
government agency would consider basing a decision on a report that discounts the global risk 
from intentional development of drug resistant viruses with the following statement:  

“The creation of an antiviral resistant strain could increase the consequences of a global 
outbreak, but only in more economically developed countries where caches of these 
antivirals could be handed out to a significant fraction of the infected population. A strain 
of seasonal influenza that can overcome protective vaccination could also increase the 
consequences of an outbreak in high income countries, which has the resources to 
vaccinate their population quickly.” (Executive Summary, page 2) 

ramkissoonkr
Typewritten Text

ramkissoonkr
Typewritten Text
Deborah Gold, M.P.H., C.I.H.                                                                                                    December 30, 2015



This is an extremely cynical statement, particularly in the light of the recent experience with 
Ebola Virus Disease (EVD), in which it became abundantly clear that countries with more 
resources MUST find ways to make care and treatment available for infectious diseases 
throughout the world, if for no other reason than their own self-interest. One would hope that 
should a pandemic influenza strain emerge in lower income countries, the US, in particular, 
would make sure that all relevant treatments were made available to reduce loss of life and 
improve outcomes in impacted countries.  

Biosafety Risks 

I believe that the Report fails to take seriously the biosafety hazards that currently exist in 
research laboratories. It states that the “state of knowledge of the rates and consequences of 
human errors in life science laboratories is too poor to develop robust predictions of the 
absolute frequency with which laboratory accidents will lead to laboratory acquired infections.” 
This is an understatement regarding the lack of information, which is due both to lack of 
recognition of laboratory acquired infections (LAIs) as well as under-reporting. There is no public 
means of tracking other losses of containment, although there is apparently some tracking 
under the select agents program, which does not include all pathogens under consideration.  A 
Report by the National Research Council (Review of Risk Assessment Work Plan for the 
Medical Countermeasures Test and Evaluation Facility at Fort Detrick: A Letter Report) cited 
unpublished 2010 CDC data, which found 395 reports of potential release events of select 
agents from 2003 to 2009.  

The scientific and popular literature describe a plethora of laboratory incidents. For example, in 
2012, an employee at the San Francisco Veterans Administration laboratory conducting 
research to develop a meningitis vaccine contracted meningitis and died. The joint 
investigations conducted by Cal/OSHA, OSHA, and the California Department of Public Health, 
found numerous problems in biosafety protocols, including unverified biosafety cabinets, during 
the investigation. In 2004, workers at the Children’s Hospital Oakland Research Institute had to 
undergo chemoprophylaxis to prevent development of anthrax after it was determined that a 
shipment of purportedly deactivated B. anthracis had caused the death of some laboratory 
animals injected with the material. In 2014, CDC workers were exposed to live anthrax, and in 
2015, the US Department of Defense was initially reported to have sent live (instead of 
deactivated) anthrax spores to labs in 9 states; this estimate was later revised to include labs in 
all 50 states and 9 countries. Mistaken shipments of pandemic or other virulent influenza strains 
have also been documented.  

High containment laboratories, particularly BSL 3 laboratories, have proliferated in the past two 
decades, and on several occasions the US General Accounting Office has warned of the 
hazards associated with the lack of centralized regulation. Nancy Kingsburg, speaking on behalf 
of the GAO at a 2014 Congressional hearing following the anthrax exposures at the CDC 
explained some of their findings:  

“The number of biosafety level (BSL)-3 and BSL-4 laboratories (high-containment 
laboratories) began to rise in the late 1990s, accelerating after the anthrax attacks 
throughout the United States. The laboratories expanded across federal, state, 
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academic, and private sectors. Information about their number, location, activities, and 
ownership is available for high-containment laboratories registered with CDC’s Division 
of Select Agent and Toxins (DSAT) or the U.S. Department of Agriculture’s (USDA) 
Animal and Plant Health Inspection Service (APHIS) as part of the Federal Select Agent 
Program. These entities register laboratories that work with select agents that have 
specific potential human, animal, or plant health risks… 

“According to most experts that we have spoken to in the course of our work, a baseline 
risk is associated with any high-containment laboratory. Although technology and 
improved scientific practice guidance have reduced the risk in high-containment 
laboratories, the risk is not zero (as illustrated by the recent incidents and others during 
the past decade). According to CDC officials, the risks from accidental exposure or 
release can never be completely eliminated and even laboratories within sophisticated 
biological research programs—including those most extensively regulated—has and will 
continue to have safety failures. Many experts agree that as the number of high-
containment laboratories has increased, so the overall risk of an accidental or deliberate 
release of a dangerous pathogen will also increase. We recommended that CDC and 
APHIS work with the internal inspectors for Department of Defense and Department of 
Homeland Security to coordinate inspections and ensure the application of consistent 
inspection standards.” (Testimony of Nancy Kingsbury, July 16, 2014, available at: 
http://gao.gov/assets/670/664799.pdf) 

Occupational Risk 

The Report appears to consider that any risk below that of a pandemic has been addressed 
through other biosafety guidance, such as the 2013 CDC Biosafety Recommendations for Work 
with Influenza Viruses Containing a Hemagglutinin from the A/goose/Guangdong/1/96 Lineage 
(MMWR June 28, 2013 / 62(RR06);1-7). However, the Report fails to consider how workers will 
be affected by enhanced (GOF) pathogens.  

The immediate risk is to laboratory workers, who are the only workers addressed in the 2013 
CDC Recommendations. If pathogens are successfully engineered to be more virulent, then 
exposed laboratory employees are at risk of more serious disease, including permanent 
sequelae or death. If those pathogens are engineered to be more resistant to anti-viral drugs, 
then employees who contract LAIs are also at greater risk of serious illness. Similarly, infections 
which might have been prevented through vaccination of employees will occur if employees 
have unprotected exposures.  

California is unique among the states in adopting regulations to address biological risks to 
laboratory workers (beyond the requirements of the Bloodborne Pathogens standards). In 1994, 
the California Occupational Safety and Health Standards Board adopted a standard requiring 
employers to maintain biosafety cabinets in accordance with CDC recommendations, and 
adopted a laboratory biosafety section as part of the Aerosol Transmissible Diseases Standard 
in 2009. (This regulation can be found at: http://www.dir.ca.gov/Title8/5199.html.) During the 
relatively few inspections Cal/OSHA has conducted in chemical, biochemical, biomedical and 
microbiological laboratories the agency has found significant problems in maintenance of 
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containment equipment, training, personal protective equipment, ventilation, and other control 
measures.  

Although laboratory employees are at the greatest risk of exposure and may be aware of their 
risk, they are only one category of employees who may be at risk. It is often the case that 
specific research projects in a lab, particularly research that may have defense implications, is 
unknown to other occupants of the building or outside of the specific lab. Although BSL 3 and 
BSL 4 labs are required to have secondary containment, the minimal level of acceptable 
negative pressure, and more importantly, the minimal maintenance provided in some facilities, 
may expose workers outside of the lab to the enhanced pathogens. Other routes of exposure 
include contact with waste or equipment that has been inadequately decontaminated, contact 
with co-workers who either have been inadequately decontaminated, are infectious but 
asymptomatic, or have symptoms that they and others attribute to seasonal influenza, 
particularly when the pathogen has been enhanced to be more transmissible between people. 
First responders, such as firefighters, police and paramedics may also be exposed to these 
pathogens in responding to incidents at these facilities. Those non-GOF workers may be 
unaware that they have been exposed to an enhanced pathogen, and therefore will not provide 
that information to medical providers, or even seek prompt medical attention, because they 
assume they have contracted a wild-type, self-limiting infection.  

Nor does the occupational risk stop there. Unless a health care facility is specifically informed 
about the nature of the enhanced pathogen, health care workers would treat a symptomatic 
patient as they would any similar patient, unaware that they are being exposed to an enhanced 
pathogen that may not be susceptible to anti-viral drugs, etc. An influenza patient is not typically 
housed in airborne infection isolation, for example. Clinical laboratories conduct analyses for 
various pathogens and do not have BSL3 capacity. (This contributed to decisions to handle 
EVD samples at state or federal labs). If a pathogen such as SARS or MERS is not currently 
circulating in the US, absent a positive history such as travel to outbreak areas, it is unlikely that 
health care providers would suspect that infection. While a laboratory may instruct its 
employees to contact a specific health care provider if they become ill, when the employee is ill 
they may not be able to direct their medical care. It is unlikely that employees with secondary or 
inadvertent exposures as described above will be able to provide information to health care 
providers. We have seen with SARS in Asia and Canada, with MERS in Saudi Arabia and 
Korea, and with Ebola, that health care workers are at significantly increased risk from diseases 
borne by patients. All of these occupational risks would also apply if there were an intentional 
breach of the type identified in the biosecurity section.  

Although these local infections may never rise to the level of an epidemic or pandemic, the risks 
to workers and their families and other contacts must be addressed in conducting this research. 
The risk to the community from laboratory exposures is illustrated by the nine cases of SARS in 
2004 in Beijing resulting from exposure of two graduate students at China’s National Institute of 
Virology Laboratory. In addition to the two graduate students who became ill, the mother of one 
student contracted the disease and died, and a nurse who treated the student also became ill. 
Five other SARS patients were linked to contact with the nurse. The 1978 Sverdlovsk anthrax 
leak, in which an estimated 100 people died due to the release of anthrax spores from a military 
facility, is another example of how laboratory incidents may impact the surrounding community.  
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