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With less than a month to analyze and comment on the thousand-page report before the December 31
“soft” deadline for the NABCCJanuary meeting, it would be nearly impossible foranyone to follow in
detail Gryphon’s analysis and commenton allthe chapters. | chose, therefore, to limit my comments and
analysis to only Chapter 6, the Biosafety Risk Assessment.

Summary

Based largely on Gryphon’s numbers, | estimated the likelihood-weighted fatalities fora pandemic
seeded by alaboratory-acquired infection (LAI) from an mtHPAI (a mammal-adapted airborne-
transmissible highly pathogenicavianinfluenzavirus). Along the way, comments on aspects of
Gryphon’s Chapter-6analysis will be made.

Generally, likelihood-weighted pandemicrisk equals probability of apandemictimes consequences of
the pandemic. The probability of apandemicfrom a lab escape through an LAl for ten labs conducting
research on mtHPAI strainsfortenyears was found to be 1.8 x 10°° using Gryphon’s numbersthatan
LAl lab escape leads toa pandemic. Ten labsfor ten yearsis my estimate of the “research enterprise”
that alreadyis or will be conducting research with these strains.

In my analysis, consequences were restricted to fatalities. The case-fatality rate was chosen to be 5%,
whichistwelve-fold less than the World Health Organization’s accepted case-fatality rate of 60%. For a
pandemicinfecting 25% of the world’s population, the number of fatalities would be 90 million. With
these numbers, the Likelihood-weighted fatalities for the research enterprise are

likelihood-weighted fatalities = (1.8 x 10°°) x (90 x 10°) = 1,640

For asinglelabforasingle year, the likelihood-weighted fatalities are 10x10-fold less or 16.4, which |
call “the fatality burden” forthe lab. To put this fatality burdenin perspective, no Institutional Review
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Board tasked with assessing human subject research would approve a proposed research project with
an expected 16.4 fatalities peryear.

This 5% case fatality rate is much higherthanthe small fraction of 1% claimed by Morens and
Taubenberger. Butairborne-transmissible mtHPAI, a key focus of the NIH deliberative process, are not
wild type viruses. Theyinfect lungtolungviathe airborne route. We do not know the case -fatality rate
for these strains. It could be quite high, perhaps over 60%. Arguments over case fatality rate for wild-
type HPAl are likely moot. Since we don’t know, and the potential consequencesin morbidityand
mortality are so high, caution dictates instituting aban on makingand researchinglive airborne-
transmissible mtHPAI. This will be discussed a bit more at the end of my Commentary.

The Gryphon report seems to dismiss gain-of-function studies in SARS and MERS, by assumingthat
mitigation measures such as quarantine should prevent alarge outbreak. SARS has about an eight-day
incubation period before aninfected person can transmitinfection, afairamount of time to quarantine
those exposedtoaninfected person. Timely and strong mitigation measures may be possible in
developed nations, but we need only tolook atthe Ebola epidemicinthe poorand war-torn African
nationsto understand the potential forlarge outbreaks. GOF studiesin SARS and MERS should be
looked atvery carefully and perhaps many banned as well.

Details of and rationale for my analysis

In describing my analysis and the rationale forthe numbers and estimates used, | will rely on quotes and
data fromthe Gryphonrisk assessment. Also, | will reproduce here relevant tables and graphs from the
Gryphon RA as a convenience toyou.

The three stepsto a pandemicareillustratedin Gryphon’s Figure 6.2 for seasonal influenza.
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The absolute probability of an escape froma single labin a single year though an LAl or otherroutes, p;,
isnot showninthe graph. Making a reasonable guess for this absolute probability is the subject of
Section 6-8 of the Gryphon report. For the second and third steps, the probability thatthe LAl will lead
to alocal outbreakis estimated by Gryphon to be about 2% for seasonal influenza, and the percentage
of local outbreaks that will lead to a pandemicisabout 20%. The probability thata single labina single
yearseedsa pandemic, pany, isthen

pan;=p; x0.02 x 0.2=0.004 p, (1)

The 0.004 or 0.4% figure is quoted many times throughout Chapter 6 (sometimes Gryphon uses 0.5%).
Itisthe result of theiranalysis of risk using branching theory and the HHS-BARDA Interactive Influenza
Model.

Gryphon’s dividing the path froma lab escape leadingto apandemicinto two steps--(1) the escape
causes a local outbreak and (2) the local outbreak then causes apandemic--is not necessary. Asingle
infected researcher can seed a pandemicdirectly. From Figure 4inthe Lipsitch et al. (2003) paper, the
probability that the single infected researcher can seed a pandemicis 10% to 30% (for R,=1.3 and
smallerkvalues). Thus, the 0.4% value is likely 1/0.02 = 50-times higher due to eliminating this
intermediate local-outbreak step.

These are two well-established methods; and given Gryphon’s high-level mathematical and analytic
skills, I will use the 0.4% Gryphon number to stay closerto theiranalysis. In Gryphon’s words,

“Sufficient biomedical and epidemiological evidence exists to develop robust models of the initiation of an
outbreak from the primary to the secondary cases and the expansion of this outbreak withina community
to eventually sparka global pandemic.”

For a “research enterprise” of 10 x 10 = 100 lab years, the probability that some labin some year will
seed a pandemicisapproximately 100x pan, or 100 x 0.004 p, = 0.4 p,. Clearly, p; is the key probability
to carry out the analysis with high confidence. The two parts of Gryphon’s and my analysis that are
uncertain are values forthe probabilities p, and for the case fatality rate.

To obtain an absolute probability for p,, in Section 6.8 Gryphon basically guesses. In Gryphon’s words,

“..absoluteriskestimates are desired. For this reason, the historical rate of laboratory acquired infections
could be used to predicta reasonableupper bound for the frequency with which these incidents occur.
However, the researchteam is unawareof any laboratory acquiredinfections inlaboratories thatstudy
influenza or coronaviruses and soanabsoluteriskanalysis will haveatits foundation a weak estimate of
the frequency at whichlaboratory acquired infections occur. Thatbeing said, this historical rate of
laboratory infections can then be combined with calculated rates of laboratory acquired infections leading
to secondaryinfections, local outbreaks and global pandemics fromthis assessmentto produce an
estimate of absoluterisk.”

The remarkable observation here isthatin 100 mostly seasonal influenza BSL2 research labs over 20
years of research, Gryphon was unable tofind any reported LAls. Gryphon offers the following
explanation:
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“The projectteam knows of no laboratoryacquired infections involving any one of these laboratories. This
lack of a laboratoryacquired infection could bedue to the factthat none have occurred inthat time
frame or that some have occurred but the project team does not have access to the reports or data.”

The report neglects additional possible reasons: asymptomaticorsubclinical infections, or
misattribution of LAl to the community. If a researcher contracts seasonal influenza, it might not be
detected, as a high proportion of seasonal influenzais subclinical particularly amongindividuals with
considerable levels of natural immunity orimmunityfrom vaccinations. If it were detected clinically, it
would likely be attributed to acommunity infection, notfrom the lab. In any case, reportingitas
possibly an LAl would lead to time-consuming follow up. It could be unspoken policy inseasonal
influenza research labs to not report infections of uncertain origin given that the infected person will be
betterinfew days. | find it difficult to believe thatthere have been no LAlsin 100 mostly BSL2 labsin 20
years. That would be inconsistent with rates of LAl in other BSL2 labs, evenin settings where
underreportingis knowntobe aproblem.?

In any event, where Gryphon expected to find statistically-useful real dataon LAls in seasonal influenza
labs, itfound none. | suspect Gryphon thenresortedto historical datafrom otherlabs researching other
pathogensto obtainitsrange of zeroto ten LAls. Gryphonraisesa valid and important pointon using
accident data from other pathogens and laboratories.

“very littledata exists on human reliability in life sciencelaboratories, which drives the probability that
laboratory acquiredinfectionsoccurinthe first place. Fortunately, the accidents thathumans cause (or
contribute to) inthe laboratory arethe same regardless of the pathogen manipulated. That is, workers
may overfill a centrifuge tube with the same frequency regardless of the pathogen in the tube, or will slip
whileworking with scissors duringa necropsy with the same frequency regardless of the pathogen
studied. Because the absoluterate at which these accidents happen and causeinfections is notsupported
by robustdata, absoluteestimates of the rate of laboratoryacquiredinfections cannotbemade usingthe
method described in this report.”

Lackingreal data, Gryphon makes an educated guess that perhaps three LAls did occur in the hundred
mostly seasonal influenza labs overthe twenty years. Gryphon calculates

“Across all 100 laboratories...if theassumptionis madethat three LAls have surreptitiously occurred, then

...a global pandemic could betriggered once every 750-5,000 years.”

Gryphon choosesto reportits findings as “return periods” in years, not probabilities. Return periods are
the reciprocal of probabilities peryear. My problem with return periodsis that they canfool you into
thinking somethingis safe whenitis not when consequences are considered. Itis necessary to stick to
the more fundamental probabilities for calculations.

For seasonal influenza, with Gryphon’s guess of 3 LAlsin 20 x 100 = 2,000 lab years, the probability of an
LAl (escape) perlab peryearisp, = 3/2,000 = 1.5 x 103. (Three LAlsin over 2,000 lab years seems
conservative to me, there were likely more.) Thus, the return period forone labinone yearis 1/p, = 667
years for an LAl to occur. This may seem like the experiments are safe, asthey will be completed in

1 Marc Lipsitch contributed to this paragraph
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perhaps 10 years, well short of the return period. Butlooked at anotherway, in 20 years this means that
there are three LAls, where each one has a not-insignificant chance of causing a seasonal influenza
pandemic. | would not accept those odds.

What is the probability, p; ypar, forresearch on mtHPAI? | assume that research on mtHPAlis conducted
in BSL3 labs using the level of biosafety for research on SARS, as SARS has a case -fatality rate of around
10% considerable caution is warranted. Gryphon lists relative probabilities compared to work with
seasonal influenzaintheirTable 6.2, reproduced here.

Table 6.2. Relative probability of a Iz atory acquired infection for the various pathogens considered in
this study as compared to work with onal influenza.

Pathogen Biosafety Level Relative Probability of an LAT*
Seasonal influenza virus BSL2 1 (defined)
Pandemic influenza virus BSL3 0.10(0.07-0.15)
Avian influenza virus BSL3 0.43 (0.21-0.90) (mostly of birds)
SARS-CoV BSL3 0.03 (0.02-0.04)
MERS-CoV BSL3 0.01 (0.006-0.02)
These data are generated by comparing the sums of the frequency of infection from all loss of containment
pathways for each pathogen. In this case, we use the term laboratory acquired infection to include an infection of
wild birds to capture the comparative risk of working with avian influenza viruses. The numbers in the
parenthesis are the results from the p5 and p95 outputs of the Monte Carlo analysis.

Before using datafrom Table 6.2, thisisa good place to state what | view as a major shortcominginthe
Gryphonreport. Sources of data and calculations to obtainitare not referenced throughout Chapteré6.
Are the sources not referenced inthe Supplementary material? In the published literature? In
spreadsheets available from Gryphon? InTable 6.2, forinstance, the caption could have provided
references. Thus, we don’t know how solid or significant various pieces of dataare, unless Gryphon
choosestodiscussit. | suspectthat Gryphon could have used much more timein preparingits report.

Furthermore, Gryphonignores the frequency of accidents overthe yearsinlabs researching Select
Agents compiled by the CDCin 2013. Gryphon’s analysis alsoignoresthe highly publicized recent
accidentsinthe CDC lab. While none of these accidentsinvolved seasonal influenza, somewherein
Chapter6 they should have been acknowledged and incorporated into theiranalysis. Itis unclear why
guesseswell below the empiricrate of LAl should be used for a risk analysis. Nonetheless, in what
follows, Gryphon’s numbers are accepted for the sake of argument.

From Table 6.2, the probability of an LAl ina SARS labis a factor about 0.03 times that of seasonal
influenza. Specifically, p1 ypa=0.03 x 1.5 x 10 =4.50 x 10 for a SARS or mtHPAIl lab where p; ypa is the
probability of an LAl for a single lab for a single year. The probability of apandemicfromasinglelabina

single year, pan,, is

pan; = 0.004 x pyupa = 0.004 x 4.50 x 10> = 1.8 x 107



As an illustration, | conservatively estimate 10labs conducting mtHPAI research for 10 years (100 lab
years),? each with the laboratory safety of a SARS lab. The probability that the research enterprise will
seed a pandemic, RE, is approximately

RE =100 x pan; = 1.8x 10°®

The return period, 1/RE, is 55.6 thousand years, which would seem to make the research very safe ifit
were not for the potential consequences of millions of fatalities.

The likelihood-weighted pandemicrisk, LWR, is given by
LWR = (Probability of a Pandemic) x (Consequences of a Pandemic)

Consequences are restricted to fatalities in this analysis. The case fatality rate was chosen to be 5%,
whichistwelve-fold less than the World Health Organization’s accepted case fatality rate of 60%. For a
pandemicinfecting 25% of the world’s population of 7.3 billion, the number of fatalities, F, would be

F = 7.3 billionx0.25 x0.05 =90 million.
With these numbers, the likelihood-weighted fatalities, LWF, for the research enterprise is
LWF = RE x F = (1.8 x 10°°) x (90 x 10°) = 1,640.

The Likelihood-weighted fatalities forasingle labin a single yearis 1,640/100 = 16.4, which I call the
“fatality burden” forthe single labin a year. As pointed out earlier this fatality burden s likely 1/.02 or
50 times higher. To put this fatality burdenin perspective, no Institutional Review Board tasked with
assessing human subject research would approve a proposed research project with an expected 16.4
fatalities peryear(or50x 16.4 = 820 fatalities peryear, accounting for the 50-fold error discussed
above). There are research approaches notinvolving live mtHPAI for elucidating the molecular virology
of airborne transmission. Such safe research approaches oughtto be employed, and research with lab-
made, airborne-transmissible, live mtHPAI be banned.

One pointstill needs to be discussed, case fatality rate. The 5% case fatality rate used in thisanalysisis
much higherthan the small fraction of 1% claimed by Morens and Taubenberger. There are well-
documented studies (forinstance, here and here) that claim the case fatality rate is not low but close to
the 60% often quoted for wild type HSN1 HPAI. But the airborne-transmissible mtHPAI, a key focus of
the NIH deliberative process, are not wild type viruses. They infect lungto lung viathe airborne route.
We do not know the case-fatality rate forthese strains. It could be quite high, perhaps over 60%. So,

arguments over case fatality rate for wild-type HPAl are likely moot. Because the potential
consequencesin morbidity and mortality are potentially high, caution dictates institutingaban on
making and researchinglive airborne-transmissible mtHPAI.

2 Gryphon estimates “approximately 40 research groups inthe US because these groups have been performing, or
have the capacity to perform, certain types of GOF experiments involvinginfluenza, MERS, and SARS viruses. This

maximum number is supported by the casestudies examined which showed that a new discoveryinvirology may

proliferateto as few as one and as many as 70 new groups around the world within 10-15 years.”
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The Gryphon report seems to dismiss gain-of-function studiesin SARS and MERS, by assumingthat
mitigation measures such as quarantine should prevent alarge outbreak. SARS has about an eight-day
incubation period before aninfected person can transmitinfection. Timely and strong mitigation
measures may be possible in developed nations, but we need only tolook at the Ebolaepidemicinthe
poor and war-torn African nations to understand the potential for large outbreaks. GOF studies in SARS
and MERS should be looked at very carefullyand many perhaps banned as well.



