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Current Outbreaks of International Public
Health Concern

Main location, date Cases (deaths)
outbreak started

H5N1 avian influenza Asia (now 16 countries 719 (413 deaths)
worldwide), since 2003
(orig. 1997)

H7N9 avian influenza China, March 2013 541 (33)
[Unofficial]

MERS [Middle East Middle East Gulf States, 956 (>351)
Respiratory Syndrome] since April 2012
Coronavirus

Ebola West Africa (Guinea, 22,334 (8,921 deaths)
Liberia, Sierra Leone)

Source: WHO and other sources
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Small but Deadly

RNA genome
Enveloped (membrane coated)
Inactivated by heat, solvents, most disinfectants

Photo: CDC
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Dressing in full PPE allows
us to perform invasive
techniques and be in close

contact with the patients in
the ward
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Probable cases of SARS by date of report
Worldwide* (n=7,588), 1 March - 10 July 2003
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date of report

Az of 10 July 2003, B 437 probable cases of SARS have been repored to WHO.
This graph includes all cases from Hong Kong SAR, Macao SAR and Tawan, China, but only thosa cases elsewhere in China reported aftar
3 April 2003 (1,190 cazes betwean 16 November 2002 and 3 Apnl 2003 not shown). Also includes 341 probable cases of SARS who have
been discarded and for whom dates of report could not be identified. The United States of America began reporting probable cases of SARS
to WHO on 20 April 2003



SARS and the economy:.
iImpact on global travel, Hong

Slide courtesy of Dr. Isaac Weisfuse, NYC DOHMH









Death Rates from Leading Causes of Death in
Persons Aged 25-44 Years, USA, 1982-1994
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Emerging Infections

 Those rapidly increasing In
Incidence (number of new cases)
or geographic range

« Often novel (a previously
unrecognized disease)

 Anthropogenic causes often
Important in emergence



EMERGING INFECTIONS:
SOME RECENT EXAMPLES

Ebola, 1976 —

HIV/AIDS

BSE & Variant CJD, ca. 1986 —
Hantavirus pulmonary syndrome, 1993
Hemolytic uremic syndrome, 1990’s —
Nipah, 1998 —

West Nile, US, multistate, 1999 —
SARS 2003 - (and MERS-CoV 2012 -)

Influenza (including H5 in Asia 2003 —;
H1N1 pandemic 2009-10; H7N9 avian flu,
China, 2013-)



Global Examples of Emerging
and Re-Emerging Infectious
Diseases

Multidrug-resistant tuberculosis
Vancomycin-resistant D'.A"{l'-":"Srt-h‘.H‘. malaria

S. aureus
\

Cyclosporiasis

o

E. coli Q157:H7 _ .

—

Typhoid

fever \o

=

Anthrax
ioterrorism

Human monkeypox

Marburg Plague

haemaormrhagic fever

Courtesy NIAID (Dr. Anthony Fauci)




Zoonoses In disease
emergence

1407 human pathogens
58% are zoonotic

130 of the 177 recently emerged
pathogens are zoonotic (RR=2.0)

Only a few transmit human-to-numan

--[Numbers from: Woolhouse ME, Gowtage-
Sequeria S. Emerg Infect Dis 2005; 11(12): 1842-
7.]

Courtesy Dr. Larry Madoff



New Opportunities for Pathogens:
Ecological Changes

Agriculture

Food handling practices

Dams, changes in water
ecosystems

Deforestation, reforestation

Climate changes

Hantaan, Argentine
Hemorrhagic Fever, Nipah,
West Nile (Israel), possibly
pandemic influenza

SARS, H5N1 influenza,
HIV?, Enteropathogenic E.
coli

Rift Valley Fever, other
vector borne diseases,
Schistosomiasis

Kyasanur Forest, Lyme
disease

HPS, vector borne diseases



Amplifiers for Emerging Infections

* Healthcare settings (infection control)
 Live animal markets and food handling

* Hunting



Why is “One Health” Important?

Most emerging infections are zoonotic
— Crossing species

Thus, many of the emerging infections
of the future can be found in other
animal species

Humans may become infected through:

— Changes in environment that increase
contact (wildlife)

— Handling of food animals

Therefore, surveillance across species
IS essential



Caution " gt &
Wildlife Can Be T e —
Dangerous - -




Wildlife/livestock contact
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Hunting
Markets/trade

Courtesy Dr. William Karesh (market in Jakarta, Indonesia)



Photograph: Karl Ammann; from Hahn et al., 2000



No pandemic or emerging
Infection has ever been
predicted

--- Morse et al., Lancet 380: 1956-1965 (2012).



Every expert group studying this
Issue has recommended
Effective global survelllance
and early warning
as the first priority



Current Outbreak Detection and Response

First  Detection/ Lab Response
Case Reporting Confirmation
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Adapted from J. Davis, Climate Adaptation Workshop, Nov. 2003



Effective Health Early Warning

First Case
Detection/
Reporting Opportunity

Surveillance, | |
Lab Confirmation for control

Observations ¢gq -
and 30
Monitoring 20
Information m 60

Response

) 50

<

O 40
30

DAY

Adapted from J. Davis, Climate Adaptation Workshop, Nov. 2003



Gaps In Disease Early Warning

Systems
 Priorities vary among different
jurisdictions
 Many gaps in chain of communications

— Real situation often does not reflect org
chart

* Most reporting voluntary, often low
priority

« Government embarrassment over
adverse Iinformation

 Fear of adverse effects



How Can We Get Earlier
Global Warning?:
Some Attempts at

Improvement



ProMED-mail: A Prototype
Outbreak Reporting System

ProMED-mail:
www.promedmail.org

‘Moderated listserv
Free to all
Started 1994

Approximately 60,000 subscribers in 2 185
countries
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INTERNATIONAL SOCIETT
FOR [NFECTIOUS DISEASES]

About ProMED

En Portugués

4%’ ProMED-mail

ProMED-mail

About ProMED-mail=

Search Hot Topics

Latest Posts on ProMED-mail

05 Sep 2012 West Nile virus - USA (12): (TX, OK) |

05 Sep 2012 Yellow fever - South America (07): Bolivia (BE)

05 Sep 2012 Epizeotic hemorrhagic disease, cervids - USA (12): (IN, MI}

05 Sep 2012 Hepatitis A - France, Philippines: food establishments susp.

05 Sep 2012 Human enterovirus 71 - Cambodia (02): genotype C4
sequenced

05 Sep 2012 E. coli EHEC - USA (28): (MI) prison

05 Sep 2012 Ebola virus disease - Uganda (23): (Kl} new =susp. case

05 Sep 2012 Dengue - Greece: (WGE) susp.

06): Serbia

05 Sep 2012 Leptospiresis - Philippines (03): (PN) fatal, floeding

04 Sep 2012 Ebola virus disease - Congo DR (08): (OE)

04 Sep 2012 Announcements (04): OIE, WAHIS, new version

05 Sep 2012 West Nile virus - Eurasia (

04 Sep 2012 Eastern eguine encephalitis - USA (15} (WT), human

04 Sep 2012 Echinoccoccus multlocularis, canine - Canada: (BC)

03 Sep 2012 Trypancsomiasis, foodborne - Brazil (PA)

03 Sep 2012 Ebola virus disease - Uganda (22): (K[} WHO update

03 Sep 2012 Crimean-Congoe hem. fever - Pakistan (05): (PB) fatal case

-

ProMED-mail alerts on HealthMap &

FO'WERED EY

Gogh Termz of Uze

View Full Map »

MAKE A DONATION SUBSCRIBE

Announcements Calendar of Events

@ Mekong Basin

Submit Info

& E=pariol @ Pyccruil @ Afrigue Francophone ﬁ, Anglophone Africa

Most Recent Alert

%View printable version Share this post:n E I-

Published Date: 2012-09-05 21:06:05
Subject PROMH/EDR= West Nile virus - USA (12): (TX, OK)
Archive Mumber: 20120905.1282592

WEST MNILE VIRUS - USA (12): (TEXAS, OKLAHOMA)
A ProMED-mail post

hitp:/fwww.promedmail.org

ProMED-mail is a program of the

International Society for Infectious Diseases
hitp:ffwww isid.org

In this report:
[1] Texas

[2] Oklahoma

T

[1] Texas

Date: Tue 4 Sep 2012
Source: Statesman [edited]
hitp:ffwww.statesman.cominews/local/austin-man-dies-from-west-nile-virus-numbers-24507 27 html

West Mile virus illnesses in Texas continue to rise dramatically, state health officials said Tuesday [4 Sep 2012], with the number of
cases this summer rising to 1013 — with 40 deaths — as an Austin man became the 2nd in Travis County to die from the
mosquito-borne disease [virus].

Alittle less than 2 weeks ago, there were 640 cases and 23 confirmed deaths statewide. Thatis a 58 percentincrease in cases and
74 percentincrease in deaths. State officials warned that the infections may continue until the 15t hard freeze of the year.

"The peak for West Mile season is August, and then there is a delay before it gets reported to us. We are expecting the numbers to
keep increasing,” said Christine Mann, a spokeswoman for the Texas Department of State Health Services. The agency’s count does
not include the new Travis County death, which had not yet been reported to the state. As of Tuesday [4 Sep 2012], there have been 48
confirmed cases of West Nile in Travis county, up from 22 cases and one death on 22 Aug [2012].

m




A Compliment?

"The popular ProMED-mail e-list offers a
daily update on all the known disease
outbreaks flaring up around the world,
which surely makes it the most
terrifying news source known to man."

— Steven Johnson

"The Ghost Map", p. 219
Riverhead Books/Penguin, 2006



PREDICT Survelllance

Activities of Interest:
« Hunting

« Markets/trade
 Wildlife/livestock conflict ~ §
« Morbidity/mortality events
 Free-ranging — undisturbed |I
« Logging/deforestation
« \Water restriction

=" USAID | PREDICT



The good news:

New technologies in
diagnostics and
communications have
revolutionized ability to
Identify and report infections

We have gone from a paucity
of data to a flood of data



Dr. Jonna Mazet, UC-Davis
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Percentage of the World's
Population Covered by a Mobile
Cellular Signal,

2003 vs. 2009

Source: ITU World Telecommunication/ICT Indicators database
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APPLICATIONS SYSTEMS CLINICAL

Tracking H7N9 Influenza in
China

Read how dedicated researchers at the

Jiangsu CDC use MiSeq for infectious
disease surveillance.

Download the Update =

Generate More Data, with
Higher Quality

Dr. Tim Stinear discusses how MiSeq

provides higher quality scores and greater

output than Ion Torrent PGM.

See the Results =

Log in to get personalized account information. Quick COrder & View Cart &

SERVICES SCIENCE SUPPORT

ems / MiSeq Benchtop Sequencer

System Workflow

Exoma ANA-Saqg

Explore MiSeq 8 e
Speed and allid 41,
Performance T

Up to 15 Gb and
2 % 300 bp runs—with
the highest data quality.

Simplify Sample Prep
Explore the industry’s fastest—and
easiest—sequencing workflow.

View the application note =»

How are people preparing samples?
View the chart »

COMPANY

Custom
Amglicon

Contact Us MyIllumina Tools =

Search @

Subscribe | O = | Follow us: &0

The industry's most accurate and easiest-to-use benchtop sequencer
just got better. New MiSeq reagents enable up to 15 Gb of output
with 25 M sequencing reads and 2x300 bp read lengths. Access even
more applications such as exome, mRNA sequencing, targeted gene
expression, metagenomics and HLA typing. S f

the proof =

o Nove
Sequancing

Get MiSeq Updates

Interested in receiving
newsletters, case studies, and
information on new applications?
Enter your email address below.
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Email
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The “Dual Use” Dilemma

* Life sciences research underpins:
— Biomedical and public health advances
— Improvements in agriculture
— Safety and quality of food supply
— Environmental quality
— Strong national security and economy

 However, good science can be put to bad

uses




What Novelties Were Feasible By 2001?:

Existing Examples

Anthrax modified with gene insert from a non-

pathogenic relative can defeat live anthrax
vaccine

— Pomerantsev et al., Vaccine 15(17-18):1846-50
(1997).

Multi-drug resistant anthrax (vaccine strain)

— Pomerantsev et al., Intl. Anthrax Meeting,
Salisbury, 1995.

Poxviruses with IL-4 gene insert can cause
severe disease In immunized or genetically
resistant animals

— Jackson et al., J. Virol. 75:1205-1210 (2001);
— Buller et al., Applied Biosafety, 2004.

Reconstruction of viable 1918 pandemic influenza
virus

— Tumpey et al., Science 310:77-80 (2005).

Columbia University
MAILMAN SCHOOL
OF PUBLIC HEALTH




Some Efforts to Define the

Biothreat Problem

* “Biotechnology Research in an Age of
Terrorism”

2003 report from the National Research
Council

Gerald Fink, Chair

« “Globalization, Biosecurity and the Future of the
L ife Sciences”

2005 report from the Institute of Medicine
and NRC

Stanley M. Lemon and David A. Relman, Co-
chairs AT Souoel

OF PUBLIC HEALTH




The 2003 “Fink Report”

“Blotechnology Research in an Age of Terrorism”

Qe 2003 report from the National Research Council
N Gerald Fink, Chair

eRecommendation 1: Educating the Scientific Community

-Awareness of the dual use phenomenon is not
widespread in the biological sciences.

eRecommendation 2: Review of Plans for Experiments
-ldentified 7 types of “experiments of concern”
eRecommendation 3: Review at the Publication Stage

«Recommendation 4: Creation of a National Science
Advisory Board for Biosecurity (NSABB)
-NSABB was established in late 2004 by then-Secretary
Leavitt (HHS)

Columbia University
MAILMAN SCHOOL
OF PUBLIC HEALTH




The 7 Deadly Sins” from 2003 Fink

Report

Recommendation 2: Review of Plans for Experiments

“We recommend that the Department of Health and Human
Services (DHHS) augment the already established system
for review of experiments involving recombinant DNA
conducted by the National Institutes of Health to create a
review system for seven classes of experiments (The
Experiments of Concern) involving microbial agents that
raise concerns about their potential for misuse.”

“Experiments of Concern” would:
demonstrate how to render a vaccine ineffective

confer resistance to therapeutically useful antibiotics or anti-
viral agents

enhance the virulence of a pathogen or render a
nonpathogen virulent

Increase transmissibility of a pathogen

alter the host range of a pathogen

enable the evasion of diagnostic or detection modalities
enable the weaponization of a biological agent or toxin

Columbia University
MAILMAN SCHOOL
OF PUBLIC HEALTH



NATIONAL STRATEGY

for

COUNTERING
BIOLOGICAL THREATS

National Security Council

NOVEMBER 2009

www.whitehouse.gov/sites/default/files/National_Strategy for Countering_BioThreats.pdf

Columbia University
MAILMAN SCHOOL
OF PUBLIC HEALTH




National Science Advisory Board for Biosecurity

* NSABB is a federal advisory committee, established in 2004
to:
— Recommend strategies for oversight of federally
conducted or supported dual use research

— Raise awareness of dual use issues

e NSABB advises heads of Federal entities that have a role or
interest in life sciences research

* 25 non-governmental voting members with broad
expertise

* Ex officio members from Federal departments and
agencies



Why “Gain of Function
Experiments”™?



Transmissibility

Essential for pathogen success
Possible relation to virulence

Genetics and evolution of
transmissibility poorly understood

Are emerging pathogens with broad
host range more likely to become
transmissible human-to-human ?
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THE INFLUENZA TIMES

B LR L TS Bl

bourne in Australia delivered the keynote address.
Doherty gave a wide-ranging talk that presented
influenza research performed over the past sev-
eral decades. He summarized research findings,
added his own conclusions and raised questions
requiring further scientific investigation.

According to Doherty, the real problem with the
influenza virus is that it's highly contagious but
the infected don't necessarily feel sick while
they're infectious. On the plus side, unlike HIV, in-
fluenza infections are “self-limiting” provided one
can limit the damage. “We just need to get people

through the acute phase,” said Doherty. For this
purpose, Doherty ended his keynote with a chal-
lenge: “Can we make a universal vaccine?” W



Ron Fouchier




THE INFLUENZA TIMES

A “stupid” experiment leads to a valuable result
Fouchier and his team’s biggest discovery, how-
ever, was based on what he termed a “stupid” ex-
periment. He and his team introduced mutations,
under strict laboratory safety procedures, by
reverse genetics into laboratory ferrets. They then
collected a nasal wash from each infected ferret
and inoculated another ferret after a few days.
They repeated this process ten times. The result?
H5N1 had been transmitted to three out of four
ferrets. “This virus is airborne and as efficiently
transmitted as the seasonal virus,” said Fouchier.
His research team found that only 5 mutations, 3
by reverse genetics and 2 by repeated transmis-
sion, were enough to produce this result. “This is
very bad news, indeed,” said Fouchier. B



H5N1 Influenza Transmissibility
Studies: Fouchier and Kawaoka

Aerosol

Modified H5N1
transmission

i

Infcted Uninfected



Yoshi Kawaoka and Ron Fouchier p




USG Definition of DURC

Research that, based on current understanding,

can be reasonably anticipated to provide
knowledge, products, or technologies that

could be directly misapplied by others to pose a
significant threat with broad potential

consequences to public health and safety,
agricultural crops and other plants, animals,
the environment, material, or national security.

55
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Aadrborme Transmission of Influenza
A/MHSNMNT Virus Between Ferrets

Sander Herfst, > Esfje L A Sduravecen, > Martin Linsten,™
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anmimals, as caloulsed by comparing the sbiral tver Bann-wWhitney et & =
OSEY and OUVBLE for nose and thmoat tites, respectieelfd . (Botborm rosel BNo
marked o ifferences in wines tiers in respiratony tsoues wene obsersed betsesn
the four groups. Each bar color denotes & single a2 mal
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Experimental adaptation of an influenza HS HA
confers respiratorv droplet transmission to a
reassortant H5 HA/HINI1 virus in ferrets

ha=sald Dmai', Thkl.l-:n “WWaranabe'-*, Masato Harra'
At o [—Lans-nn Hiroaki E{a1s|_1|:a
Wasuo Sumakd®, Eileen A. haher!

Highly pathogemic avian HSNI infloensra A vicoses oocasioomally
imfect humans, but currestdy do oot tcansoit el Goientby aommom g
humans The viral hasemagehitinigs (HA) protein is a lkkoown
Iesst-rameme determimant as it osediates viros bimadiog to laoeso-
specific celular receptors’' ™. Here we assess e mole cular ¢ banges
im HA that would allow a viras possessing subroype HS HA o be
tramsmissible among osamoal. We dentified a meassortamt HS
HASHINI viras—comprising HS HA [(froom am HISINL vicas) with
T r mrutaticens amd the reosaming seven gemns ks Fraoseme @A
2000 demsic HIMNLD virus—tlsar was capalble of deop be t tram somis-
sdaem im a ferret oeodde]. The transmissible HS reassortamt vicoss
pmeﬁemmly recognized hooasan-type receptors, replicated effi-
ciemthy im ferrets, camsed lome lesiomns amd we gt loss, bt was
st highly pathoegenic aml did ot caose asotalivty. These resales
imdicate that HS HA can comvert toan HA that supports el fcient
vical teansarission in o aasals; bowe ver, we do not kaow whether
tee fwur mutations in tee HS HA wlemtified here would remder a
wilhaslby aviam HSMN1T wvinos Uram s ssible. The geme tic arign of thee
rerTsa i i seven vical pene seposents asay also critically oot cilsorbe
Ty TramsamnEsibility in amsameasals. Nevertheless, as HSMN1D wvirmses
wcontimse b evelve amd mfect huosans, rece ptor-bisding vacianes
of HSM1 viruses with pandensic potential . ol oeding avian —lososan
reassartant virnses as bested ere, mmay emserge. Thar fodisges
emplasire the nead 1o prepace for poten tial poande meics caosed by
il e mEs i se S passsessin g HS HoA, amd will el p isd ividoals com-
ductimg surveillbmee i regons with circobting HSPN 1 viroeses Tao
recogaire key resulses that predict the pamde oeic poten tial of iss-
Eates, wiich will infocm the developoesent, poodosction amnd disto-
Tount amen anl efPect ive Comn mbe rrr s i re S

Althvoasgly FISIN1 vimsses o ooyt e o Casse oarsreakos o praoasdiey amad
thsere are cases of orman ioafection in bedomsesia, WVietrern, Epypt amd
A s e e g M wileo it i se oy Trsrrsen arinssl ioter BeceFISEIL
cusmvisks thee  talde  archives emdimdes Tvtmed), thsey heave mot ac oo iredth e
alwil iy o casse hosrrsm -vo-losrmesn tes msrrd s boon . Devestoeent im HSRL
vaccine s has therefore been guestioned. Howewer, becmsse hoamams
ek irmormaemiry to i oafheenrs vicuses paossessingg am FHS HA the emergence
of & tramemvissilde HS-FLA - posseccing viness wookl prabably cosse o
parsd emvic. To prepace better for swech a soemaris, it is critical that we
wrsdersta mdth e meaode cular ¢ banges that many remder H 5 FLA - prossessi mg
vireses tramsnrissible o mammal s Sech emowledpe waoosl o sl o s o
mmeoanitor circulating or mewlhy emerging varimts for their poooadenic
potential, foces eadication  efforts om vineses thot  alcesdy love
acguited subsets of modecular changes critical for Cransauissionn  im
rarrarnal s, stockopil @ a ntivical cormpaoords in regioons wihere soclh viroeses
ciroulate, amd imitdate vaccime generation amsd large-scale preodoction

» Shingi "n.'.-htarLa]:le‘ x -l.'“l:l.e:l.;g]un Li', Eirvo Kaowaloami™
. Gabriele Meumann' & ":’-nrsh.il:l.l.l:n E{av.-anka

. Subash C. [as', M’.al-:ntn-ﬁezawa"‘" Eoyolkoo Shinya™ » Gongxun Zhong',
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before a pamsdermic. Therefiore, we studied the muodecular feabares duat
worsulkd rersder FHIS -HLA- possessin g viceses tran sorvissilde o omoonomals

Previouws studies seppested thoat HA has a o jor sole in bost-ramge
res trictioa ol imfheenes A vireses' ™. Thee HA of Ty misols s preferen-
il imes sialic ackd linked o b=y -zz.frl.un]-:qgm.
[Simoe? ol ), wihersas the HLA of avian isolytes preefereotially recopm imes
sialic sckd linked o galsctose by o2 3 -linksges (Siec? 340Gl A sl
murmbeer of @vianm HSP 1 wirmesess  Solketed oo oo ms slsooer lirrieead
T i oy s B - By e © r&, aproperty oonferred by several amvino
acid clsanges im HA® . MNome of the HSTN1 vinsses tested transoired
eficiently in a Breet maoade]™ ", alilsoosgi, wihile owr pagper weas der
review, oase shsdy 'S repocted that @ vices with a mostaor FHS HoA amd a
seisra ey ridle se (PAD of & Ty mowiroes s tse HSH 1 vinss back prasiamad
caisedd respricatory droplet tes merriss o D oane of T oomiast Errets

Taw iddemtifr mowee] mre s tioms in avies HS HA s that comfer Tomeam-
Type meceptor-dsinding preferances, we imtrodieoeed ramdom mastatiomns
it thee glolbvisks r Teesd (amei o acbkds 1200252 { H3 moeadseringl, wihicts
irchsdes  the receptor-binding pocket]) of AV ietnane 1 200302004
[HISM1; WN1203) HA [ Sepplementary Fig 1), Althoasgls tluis wirss
wea S isaskated Frows & s ivs FLA et ins avian- Type coceprtor- bhmdi g
pooperthes™ T We alaoe replsced tlve mvoltilbasic FLA o vape sedquen o
with: & moo-virnslent-tpe ddesvape  segueence, allowing oS o per-
Formy stsdies in bossfen lewvel 2 oomtas mmeent (higs 0 S wremes el o imty
) reses roesy s b ics Thooss i fhee nrs Sinflisenra B RIS S padil). The
mastated paobanerase chain reaction (POR) poodscts wers choased fmto
B4 polyrmeerase 1 |.'Hhal‘.|l.-’.'llﬁ o ta i ey e WL AES HA corrple-
ety DINA L wihhich resaslted im EacFeariofeiea ool Librar e repoe semti ng
thee  ramdomby gemerated HA @ wvariants Seqgoence amalysis of 48
randomby selected choomes imdicated am averapge of 10 ameinoe ackd
chanmges per HA globouoalsr hesd (dats mat shosrn). To generste am
HSMN1 wvires Lilwary, plasrvids for tlse symtdsesis of thse mostated FLA peme
el thee ws raryeoedifie d PLA germe of W1 303 weere tran sfected imto Fiarmaam
et rya e kidmey (293T) cells togeth e with plasavids for the symthees is
wfthe six remoaiming viral gemnes of AP serto Fioo/ 8,534 ( H1MN1; FRE), =
Tl rabory —ads Tunarream i @osemes A wirms

Tadkey red Hood cells (TRBCs; which possess baoih Sieoe 2600l amad
SiaoeZ Firal o tleeic swrfesce (data oot slhamsrml ) weere treaied weitly
Salrmemells enferion serovar Typhimuorhemm LT2 sialidase, wihhich poeef-
erentially remaoves o2 3 Lonked siolcacid (that is, avian- type recep s,
e TREBCs that predominamt]ly possess Siecse 2640l on the ol
sarface (Sisxe2 6 TRBCs Supplementary Fig. 23 The wvires libearcy
wea s e sudsaoadeed o Sias? 6-THBAC S at 4 C amd estensively weasise d
mr-&nuh-enﬁnq:-&-ﬁif{a]]vﬁ wresale]y Twarm o wireses . Boosrmd wirmses wiepe
ehated by imcubation et 37 70 for 30 min, and then diloted to a ppeeosi-
mately —Ak 5 wvirwses per woell (oo tlse basis of a piot expecioment that
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Airborne Transmission of Highly Pathogenic H7N1 Influenza Virus in
Ferrets

Troy C. Sutton,® Courtney Finch,® Hongxta Shao, ™ Matthew Angel® Hongjun Chen ® llarta Capua,® Glovanni Cattoll ®
Isabella Monne ® Daniel k. Perez”

Departrnant of Vetennary Medicire, Unhversity of Mandand, College Park, and Viminia-bMandand Collsge of Veterrany Medidre, Mandand Campus, Colege Park,
Maryland, USA%: kittuta Zooprofiaticn Spesimentale delle Visneris, Padua, kb

ABSTRACT

Avian HY influenza viruses are recognized as potential pandemic virses, as personnel often become infected during poultry out-
breaks. HY infections in humans typically canse mild conjunctivitis; however, the HYN® outbreak in the spring of 2013 has re-
solted in severe respiratory disease. To date, no HY viroses have acquired the ability for sustained transmission among humans.
Ajrborne transmission is considered a requirement for the emergence of pandemic influenza, and advanced knowladge of the
malecular changes or signature required for transmission would allow early identification of pandemic vaccine seed stocks,
screening and stockpiling of antiviral compounds, and eradication efforts focused on flocks harboring threatening viruses. Thus,
we sought to determine if a highly pathogenic influenza A HYN1 {AfH7N1 ) virus with no history of homan infection could be-
come capable of airborne transmission among ferrets. We show that after 10 serial passages, A'THTN1 developed the ability to be
transmitted to cohoused and airborne contact ferrets. Four amino acid mutations (PB2 TS11, NP VI84M, and M1 R95K and
(211K} in the internal genes and a minimal amino acid mutation {K/R213R) in the stalk region of the hemagglutinin protein
were associated with airborne transmission. Furthermore, transmission was not associated with loss of vimulence. These findings
highlight the importance of the internal genes in host adaptation and sugpest that natural isolates carrying these mutations be
further evaluated. Car resulis demonstrate that a highly pathogenic avian H? virus can become capable of airborne transmission
ina mammalian host, and they support ongoing surveillance and pandemic HY vaccine development.
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Pathogenicity and transmissibility of reassortant
HO influenza viruses with genes from pandemic
H1N1 virus

Chuanling Qiao,'?t Qinfang Liu,'t Bhupinder Bawa,' Huigang Shen,’
Wenbao Qi,'t Ying Chen,’ Chris Ka Pun Mok,® Adolfo Garcia-Sastre,*°°
Jurgen A. Richt' and Wenjun Ma'

1Depar‘tmen‘( of Diagnostic Medicine/Pathobiclogy, Kansas State University, Manhattan, KS 66506,
usaA

ZHarbin Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Harbin, FR China

3Centre of Influenza Research, School of Public Health, The University of Hong Kong,
Hong Kong SAR

4Depar‘tment of Microbioclogy, Mount Sinai School of Medicine, NY 10029, USA

5Departmen’( of Medicine, Division of Infectious Diseases, Mount Sinai School of Medicine,
NY 10029, USA

SGlobal Health and Emerging Pathogens Institute, Mount Sinai School of Medicine, NY 10029,
USA

Both HGN2 avian influenza and 2009 pandemic H1N1 viruses (pH1N1) are able to infect humans
and swine, which has raised concerns that novel reassortant H9 viruses with pH1 N1 genes might
be generated in these hosts by reassortment. Although previous studies have demonstrated that
reassortant H9 viruses with pH1NMN1 genes show increased virulence in mice and transmissibility in
ferrets, the virulence and transmissibility of reassortant H9 viruses in natural hosts such as
chickens and swine remain unknown. This study generated two reassortant H9 viruses (H9NZ2/
CAO09 and HON1/CAO09) in the background of the pH1N1 A/California/04/2009 (CAO09) virus by
replacing either both the haemagglutinin (HA) and neuraminidase (NA) genes or only the HA gene
with the respective genes from the A/quail/Hong Kong/G1/1997 (H9N2) virus and evaluated their
replication, pathogenicity and transmission in chickens and pigs compared with the parental
viruses. Chickens that were infected with the parental HO9N2 and reassortant H9 viruses
seroconverted. The parental HONZ2 and reassortant HON2/CAO9 viruses were transmitted to
sentinel chickens, but HON1/CAO9 virus was not. The parental HON2 replicated poorly and was
not transmitted in pigs, whereas both HON2/CAO09S and HOMN1/CAOS viruses replicated and were
transmitted efficiently in pigs, similar to the pH1MN1 virus. These results demonstrated that
reassortant H9 viruses with pH1MN1 genes show enhanced replication and transmissibility in pigs
compared with the parental HONZ2 virus, indicating that they may pose a threat for humans if such
reassortants arise in swine.




H5N1 Hybrid Viruses Bearing
2009/H1N1 Virus Genes Transmit in
Guinea Pigs by Respiratory Droplet

Ying Zhang,* Qlanyl Zhang, ™ Hulhul Kong,® Yoengping Hang ® Yuwel Gao,®
Guohua Deng ™ Hanghong Shi,* Guobin Tian® Liling Liw® Mnxkeng Lo, ™

Yuntao Guan,” Zhigao Bu,® Hualan Chen™" 1

In the past avian inflemea vinuses have onossed speces banriers to wigger human pandemos

by reassorting with mammalb-infe dive winses in inermed late lvestod hosts. HSNL winses are able
to infea pigs, and some of them have affinity for the mammalian type «-2 &linked sialic acd
airmay receplor. Using reverse genetics, we systematically crested 127 reassortant wimses bebwesn
a duk Bolate of HENL, spedfically retaining i hemagglutinin (Ha) gene thooghout and a
highly transmissible, human-infediee HLINL wirus. We esied the Wrulence of the reassortants in
mice a5 a correlate for winubenoe in humans and tested transmissiblity in guinea pigs, whidh
hawe both awian and mammallan types of alnsay receptor. Transmission studies showed that

the HINI wines genes entoding acdic polyme rase and nonstrectural protein made the HSNL winus
trans missible by respiraory droplet betwesn guinea pigs without killing them Further experments
implicated other HLNL genes in the enhanoement of mammal-to-mammal transmission,
induding thase that entode nucleoprotein, newramimdase, and maris as well a5 mutations in
H5 HA that improve affinity for humanlike aimeey recepiors. Hene, svian HSNL sulbtype swinses
da hawve the potental to acquire mammallan transmissibility by reassorbment in current

agrioultural scenanos.
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Some Laboratory Incidents

Associated with smallpox laboratory at

British smallpox cases, 1972, 1978 University of Birmingham
The “re-emergence” of HIN1 human Error in vaccine or challenge virus in
influenza (1977) China?

Venezuelan Equine Encephalitis (1995)? Outbreak in Venezuela, 1995; source of
virus unclear

SARS Singapore (1), Taiwan (1), Beijing (4)

H2N2 (1957 pandemic influenza), CAP lab
competency testing samples (2005)

Foot and Mouth Disease (FMD) from
Pirbright, UK (2007)

M. Furmanski. “Escaped Viruses”: Laboratory Escapes and “Self-fulfilling prophecy” Epidemics. Working
Paper (Feb. 2014), Center for Arms Control and Nonproliferation, armscontrolcenter.org/Escaped_Viruses-
final _2-17-14.pdf, and CDC



Laboratory Acquired Infections with Select Agents,

us, 2004-2010

Table 4

Laboratory Acquired Infections cansed by BSATs between 2004-2010.

The anoual distmbution, type of select agent. type of entity and type of containment facility in which
the 11 laboratory acquired infections occurred that were reported to CDC between 2004 -2010.

Year Agent it Cases Entity type Laboratory Type
2004 Brucelta melitensis ] Registered BSL2
2(304 Coccidioides species 1 i~ R;gc—s.t;ed ; BSL3
W 2004 Franciselia n;!arer;ﬂs' 7 3 Registered 85l 2
2007 ] —Bl;crno metitensis 1 Registered [ éSLRSV ‘
B 2007 - Mceﬂa miitcésis. | —T_ Exempt BSL 2
2008 Brucello r@:rens)s 1 Registered : B5L3
2069. N i ;nc-isdla tularensis I_ N Reg:ster&i BSL3
2010 ] éruceﬂa sut‘sﬂ ~- I 1 Exempt BSL2
o el | 1 | Exept L2

Henkel, Miller, and Weyant (2012). Appl Biosafety 17:171-180
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U.S. Frameworks that Address GOF

HHS Framework for Highly Pathogenic Avian Influenza Research (2012)

USG Policy for Oversight of Life Sciences Dual Use Research of Concern
(March 29, 2012)

NIH Guidelines for Research Involving Recombinant or Synthetic Nucleic
Acid Molecules (November 2013)

USG Policy for Institutional Oversight of Life Sciences Dual Use Research
of Concern (September 24, 2014)
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Frameworks are available at www.phe.gov/s3
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http://www.phe.gov/s3

For More Information

Holdren/Monaco memorandum on Enhancing Biosafety and
Biosecurity in the United States (August 2014)

http://www.whitehouse.gov/sites/default/files/microsites/ostp/enhancing biosafety

and biosecurity 19aug2014 final.pdf

U.S. Government Deliberative Process and Funding Pause on

Certain Types of Gain-of-Function Research (October 2014)
http://www.phe.gov/s3/dualuse/Pages/default.aspx

USG Policy for Oversight of Life Sciences Dual Use Research of

Concern (March 2012)
http://www.phe.gov/s3/dualuse/Documents/us-policy-durc-032812.pdf

USG Policy for Institutional Oversight of Life Sciences Dual Use

Research of Concern (September 2014)
http://www.phe.gov/s3/dualuse/Documents/durc-policy.pdf



http://www.whitehouse.gov/sites/default/files/microsites/ostp/enhancing_biosafety_and_biosecurity_19aug2014_final.pdf
http://www.phe.gov/s3/dualuse/Pages/default.aspx
http://www.phe.gov/s3/dualuse/Documents/us-policy-durc-032812.pdf
http://www.phe.gov/s3/dualuse/Documents/durc-policy.pdf

Estimated Timeline*

NSABB

deliberates  NSABB considers NSABB periodically NSABB analyzes & NSABB delivers
key features National Academies  assesses progress &  NSABB discusses results > final

of study input & advises on reviews preliminary  reviews final Develops draft recommendations

draft study design results results recommendations  to USG
Weighing of Risks &

Conduct of Study Benefits + USG GOF

Study Design Risk Assessment + Results of Study SEETETR Gl .
Benefit Assessment Recommendations POlICY

National Academies

National National

Academies Academies host Public Symposium
host Public provide to discuss NSABB draft
Symposium to Symposium recommendations &
discuss Summary provide Symposium

assessment of Summary

GOF research

*The USG intends for these efforts to occur as expeditiously as possible, and dates are subjects to change based on the deliberative process.



Website Resources

CDC Journal “Emerging Infectious Diseases”:
www.cdc.gov/eid/

WHO outbreak information:
www.who.int/csr/don/en/

ProMED-mail:
www.promedmail.org/

CIDRAP

(Center for Infectious Disease Research and
Policy, University of Minnesota):

http://www.cidrap.umn.edu/
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Whatwe do » Outbreaks of E. coli 0104:H4 infection: update 30 See also

Heallh topics 22-07-2011 Qutbreaks of E. coli 0104:H4 infection

| vious updates and background informati
Emergencies 4 The number of new cases of Escherichia coll 0104:H4 infection in Previous updates and background informaton

International Health Germany and France is much diminished. The figures reflect some
Regulations delayed reporting, and the evidence indicates that the outbreak,

External resources

b News which took 30 lives in Germany alone, is nearly over.

Policy WHO/Europe will continue to monitor developments with its pariner Eﬁﬁiig:iﬁ i?fitg;f'mhm'w
Core capacities organizations and, when appropriate, report on this web site on the o
National focal points progress of investigations info the source of the infection.
Points of Entry In total, the table shows that 16 countries in Europe and North Outbreaks of E. coli 0104:H4
Activities America had reported 4075 cases and 50 deaths as of 21 July at infection
Contact us 16:00 CET. » Latest update

Country HUS EHEC

Cases Deaths Cases Deaths

& ustria 1 0 4 0

Canada 0 0 1 0

Czech Republic 0 1 1 0

Denmark 10 0 15 0

France T 0 10 0

Germany 857 32 J07a* 16

Greece 0 0 1 0

Luxembourg 1 1] 1 0

Netherlands & 0 T 0

Norway 0 0 1 0

Poland 2 0 1 0

Spain 1 1] 1 0

Sweden 18 1 35 0

Switzerland 0 0 5 0

United Kingdom 3 0 4 0

lnited States of America 4 1 2 0

Total 908 34 3167 16
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World news > E coh

World's largest E coli outbreak kills 14~ #meet| 142

in Germany I Recommens

More than 300 seriously ill in Germany as E coli bacterium spreads @ redditthis
to other northern European countries

Reuters E m B

guardian.co.uk, Monday 30 May 2011 18.36 BST
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The Emerging Infections Two-
Step

Opportunities increasing for both
steps:

—Changes in land use
—Rural to urban migration
—Internal displacement

—Globalization of people and
goods, travel, international
migration



