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Concept Note: 

FAO-OIE-WHO Collaboration

Vision

A world capable of preventing, detecting, 

containing, eliminating, and responding to 

animal and public health risks attributable to 

zoonoses and animal diseases with an impact 

on food security  through multi-sectoral

cooperation and strong partnerships

The FAO - OIE - WHO Collaboration: A  Tripartite Concept Note; April 2010.
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The One Health Approach: Why Focus on 
One Flu?

• We live with an ongoing risk of another 

influenza pandemic
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• HPAI H5N1 is enzootic in at least 6 countries

• H9N2  & other avian influenza subtypes have 
infected mammals; widespread in birds in Asia and 

the Middle East; human-like receptor specificity

• H1N1pdm09 viruses are enzootic in swine around the 
world and genetic reassortment with other endemic 

swine viruses occurs frequently
• Emergence of influenza A(H3N2) variant viruses in the 

U.S.

One Health, One Flu: What Can We 

Do for Integrated Surveillance?
• Improv e influenza surv eillance capacity worldwide

• Increase awareness of the role of the animal reserv oir 

in the generation of pandemic strains

• Improve transparency and trust

• Share surv eillance data across human and animal 

health in real time

• Improv e preparedness and ‘prediction’  for influenza 

v iruses with pandemic potential and v iral 

characteristics 
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Plus 252 other 

combinations

Two viruses 

infect the 

same cell

H1N1 H2N1 H1N2 H2N2

H1N1 H2N2

REASSORTMENT OF INFLUENZA A 

VIRUSES
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The Influenza Virus “Gene Pool”

• Historical literature and complex surveillance and gene 

sequence analysis of influenza viruses in nature suggests that 
gene segments of influenza A viruses are uniquely 

promiscuous within their primary aquatic bird reservoir -

constant reassortment and transient gene constellations

• Much greater gene constellation stability appears to exist 

when a successful 8 segment gene constellation jumps from 
aquatic birds to infect a secondary host such as poultry, pigs, 

horses, humans etc.

• Adaption to a secondary host provides a “stabilized” 8 segment 

genome that then is transmitted onwards 
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High-Antigen Yield 

Reassortant R&D,

Laboratory Studies

Safety Studies
Pilot Scale

Manufacturing
Phase I Clinical

Planning & Prioritization Assistance 

Viruses 4, 8

Viruses 1, 2, 7

Viruses 3, 9, 10, 11 
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Viruses 5, 6

� Utilization of ranked viruses for prioritization 

and planning
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WHO Semi-Annual Vaccine Composition Meeting 

� WHO convenes a group of SMEs from animal and human 

health

� February and September of each year

� Experts represent institutions with the most 

comprehensive and reliable epidemiologic, virologic and 
antigenic data on a global scale

� OIE, FAO (OFFLU),  6 WHO CCs, H5 Reference Laboratories and other 
regional partners

� Prepare, present and discuss comprehensive reports

� Analyze the data, evaluate risk based on what is known 
about virus properties

� Make recommendations regarding updating the WHO 

library of candidate vaccine viruses 
http://www.who.int/influenza/vaccines/virus/candidates_reagen

ts/a_h5n1/en/index.html
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Global Avian Influenza Surveillance Program

� Progress achieved through partnering on investments
� WHO, FAO, OIE, EU and Asian governments

� USG agencies: HHS (FDA, BARDA, NIH), DOD, DHS, DOS/USAID, USDA, 
DOI/USGS, etc. 

� OFFLU and tripartite working groups on HPAI

� H5 clade nomenclature group updates clades as needed 
http://www.who.int/influenza/gisrs_laborato ry/h5n1_nomenclat
ure/en/index.html

� International Epidemiology and Laboratory Programs 
Strategic countries
� Vietnam -- CoAg MARD, NIHE

� Bangladesh-- CoAg with ICDDRB and NIEPH
� Egypt-- IAA with DOD/NAMRU-3

� Indonesia --CoAg with NIHRD 
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A/Vie tn am/HN3 1 4 1 3 /0 8
A/ch icke n /Vie tn am/NC VD-2 7 9 /0 9

A/Vie tn am/HN3 1 3 2 3 /0 7
A/Jap an e se  wh ite -e ye /HK /1 0 3 8 /2 0 0 6
A/Gu an gxi/1 /2 0 0 5
A/d u ck/Lao s/3 2 9 5 /2 0 0 6

A/An h u i/1 /2 0 0 5
A/ch icke n /Fu j ian /1 /2 0 0 7

A/Gu izh o u /1 /2 0 1 2
A/d u ck/Lao /6 /2 0 1 0

A/e n viro n me n t/Gu izh o u /4 /2 0 0 9
A/ch icke n /B an glad e sh /1 1 R S-1 9 8 4 -3 0 /2 0 1 1

A/ch icke n /B an glad e sh /3 0 1 2 /2 0 1 1
A/e n viro n me n t/Gu izh o u /2 /2 0 0 9

A/Vie tn am/HN3 1 4 3 2 M /2 0 0 8
A/ch icke n /Vie tn am/NC VD-2 8 1 /2 0 0 9

A/Vie tn am/HN3 6 2 5 0 /2 0 1 0
A/p e re grin e  falco n /Ho n g K o n g/8 1 0 /2 0 0 9

A/ch icke n /HK /AP 1 5 6 /2 0 0 9
A/ch icke n /Sich u an /8 1 /2 0 0 5

A/d u ck/Vie tn am/NC VD-2 9 3 /0 9
A/ch icke n /Tib e t/6 /2 0 0 8

2 .3 .3
2 .3 .1

2 .2 .1
A/Tu rke y/1 5 /2 0 0 6

A/b ar-h e ad e d  go o se /Tib e t/8 /2 0 0 6
A/ch icke n /In d ia/NIV3 3 4 8 7 /2 0 0 6

A/P akistan /0 5 4 0 -NAM R U3 /2 0 0 7
A/ch icke n /In d ia/WB -NIV9 6 5 2 6 /2 0 0 9

A/ch icke n /Sikkim/1 5 1 4 6 6 /2 0 0 9
A/ch icke n /We st B e n gal/1 4 2 1 2 1 /2 0 0 8

A/ch icke n /B an glad e sh /FD(J)-4 2 4 -B L-1 5 2 /2 0 0 8
A/ch icke n /In d ia/WB -NIV2 8 0 6 /2 0 0 8

A/ch icke n /We st B e n gal/1 0 0 8 7 9 /2 0 0 8
A/go o se /Trip u ra/1 0 3 5 9 6 /2 0 0 8
A/ch icke n /B an glad e sh /FD(J)-2 5 5 0 B L-4 1 1 /2 0 0 8
A/B an glad e sh /2 0 7 0 9 5 /2 0 0 8   WHO-1
A/ch icke n /B an glad e sh /FD(B )-1 2 0 -B L-1 4 8 /2 0

A/B an glad e sh /3 2 3 3 /2 0 1 1 WHO-2
A/ch icke n /B an glad e sh /1 1 rs1 9 8 4 -2 4 /2 0 1 1

A/B an glad e sh /5 4 8 7 /2 0 1 1 WHO-3
A/ch icke n /B an glad e sh /1 1 rs1 9 8 4 -2 5 /2 0 1 1
A/p o u ltry/B an glad e sh /1 1 2 5 5 -C /2 0 1 1
A/ch icke n /B an glad e sh /3 1 2 8 9 -1 /2 0 1 1

A/ch icke n /B an glad e sh /C D5 8 6 -0 8 -B L-4 0 9 /2 0 0
A/ch icke n /B an glad e sh /1 1 5 1 -9 /2 0 1 0

A/ck/B an glad e sh /C D-0 8 (0 9 )B L-4 1 8 /2 0 0 9
A/ch icke n /B an glad e sh /1 1 rs1 9 8 4 -2 6 /2 0 1 1

A/ch icke n /B an glad e sh /1 1 5 1 -1 1 /2 0 1 0
A/ch icke n /B an glad e sh /0 9 1 2 /2 0 1 0
A/ch icke n /B an glad e sh /0 4 1 1 /2 0 1 0

A/ch icke n /B an glad e sh /1 0 1 2 /2 0 1 0
A/wh o o p e r swan /M o n go l ia/2 4 4 /2 0 0 5

A/b ar-h e ad e d  go o se /Qin gh ai/1 A/2 0 0 5
A/b ar-h e ad e d  go o se /Qin gh ai/3 /2 0 0 5

2 .5
2 .1

2 .4
0 .0 0 5

2.3.4.2

2.3.2.1

2.2.2

Vaccine candidates

CD C H I Reference viruses

H uman case shown by red branch ( )

Viruses  collected in 2011 & 2012

WH O reported human cases  (WH O-#) 

H uman 

Avian
Wild-bird

Environment

Evolution of influenza A (H5N1) Hemagglutinin 

Clade 2.3.4.2 and 2.2.2
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WHO Pandemic Vaccine Candidates, 2004 toPresent
H5 N1  re asso rtan ts with  co mp le te d  re gu lato ry ap p ro val 

Viru s C lad e In stitu tio n Availab il ity

A/Vie tn am/1 2 0 3 /2 0 0 4   (C DC -R G; SJR G-1 6 1 0 5 2) 1 C DC  an d  SJ/NIAID Ye s  

A/Vie tn am/1 1 9 4 /2 0 0 4  (NIB R G-1 4 ) 1 NIB SC  Ye s  

A/In d o n e sia/5 /2 0 0 5   (C DC -R G2 ) 2 .1 .3 .2 C DC  an d  SJ/NIAID R e q u ire s In d o n e sian  go ve rn me n t p e rmissio n    

A/b ar-h e ad e d  go o se /Qin gh ai/1 A/2 0 0 5   (SJR G-1 6 3 2 2 2 ) 2 .2 SJ/NIAID Ye s

A/wh o o p e rswan /M o n go l ia/2 4 4 /2 0 0 5  (SJR G-1 6 3 2 4 3 ) 2 .2 SJ/NIAID Ye s

A/tu rke y/Tu rke y/1 /2 0 0 5  (NIB R G-2 3 ) 2 .2 .1 NIB SC Ye s 

A/An h u i/1 /2 0 0 5   (IB C DC -R G6 ) 2 .3 .4  C DC  Ye s

A/jap an e se  wh ite -e ye /Ho n gK o n g/1 0 3 8 /2 0 0 6  (SJR G-1 6 4 2 8 1 ) 2 .3 .4  SJ/NIAID Ye s

A/C amb o d ia/R 0 4 0 5 0 5 0 /2 0 0 7  (NIB R G-8 8 ) 1 .1 NIB SC  Ye s

A/d u ck/Lao s/3 2 9 5 /2 0 0 6  (C B ER -R G1 ) 2 .3 .4  FDA Ye s

A/d u ck/Hu n an /7 9 5 /2 0 0 2  (SJR G-1 6 6 6 1 4 ) 2 .1 SJ/NIAID Ye s

A/Egyp t/3 2 1 /2 0 0 7  (IDC DC -R G1 1 ) 2 .2 .1 C DC Ye s

A/go o se /Gu iyan g/3 3 7 /2 0 0 6  (SJR G-1 6 5 3 9 6 ) 4 SJ/NIAID Ye s

A/ch icke n /Vie tn am/NC VD-0 1 6 /2 0 0 8  (IDC DC -R G1 2 ) 7 .1 C DC Ye s

A/ch icke n /In d ia/NIV3 3 4 8 7 /2 0 0 6  (IB C DC -R G7 ) 2 .2 C DC /NIV Ye s

A/Egyp t/3 3 0 0 -NAM R U3 /2 0 0 8  (IDC DC -R G1 3 ) 2 .2 .1 .1 C DC Ye s

A/co mmo n  magp ie /Ho n gK o n g/5 0 5 2 /2 0 0 7  (SJR G-1 6 6 6 1 5 ) 2 .3 .2  .1 SJ/NIAID Ye s

A/Egyp t/N0 3 0 7 2 /2 0 1 0  # (IDC DC -R G2 9 ) 2 .2 .1 C DC ye s

A/ch icke n /Ho n g K o n g/AP 1 5 6 /2 0 0 8  (SJ-0 0 2 ) 2 .3 .4 SJ/NIAID Ye s

A/Hu b e i/1 /2 0 1 0  (IDC DC -R G3 0 ) 2 .3 .2 .1 C DC Ye s

H5 N1  re asso rtan ts p re p are d  an d  awaitin g re gu lato ry ap p ro val 

A/ch icke n /Vie tn am/NC VD-0 3 /2 0 0 8  (IDC DC -R G2 5 A) 7 .1 C DC P e n d in g

A/B arn -Swal lo w/HK /D1 0 -1 1 6 1 /2 0 1 0 2 .3 .2 SJ/HK U P e n d in g

H5 N1  re asso rtan t p ro p o se d

A/ch icke n /B an glad e sh /1 1 rs1 9 8 4 -3 0 /3 0 1 1 2 .3 .4 .2

H9 N2  vaccin e  can d id ate s

A/Ho n g K o n g/1 0 7 3 /1 9 9 9 G1 -l ike NIB SC  (wi ld  typ e ) Ye s

A/ch icke n /Ho n g K o n g/G9 /1 9 9 7  (NIB R G-9 1 ) Y2 8 0 -l ike NIB SC  (re ve rse  ge n e tics) Ye s

A/ch icke n /Ho n g K o n g/G9 /1 9 9 7  (IB C DC -2 ) Y2 8 0 -l ike C DC  (co n ve n tio n al  re asso rtan t) Ye s

A/Ho n g K o n g/3 3 9 8 2 /2 0 0 9  (IDC DC -R G2 6) G1 -l ike C DC (re ve rse  ge n e tics) ye s

H9 N2  re asso rtan ts in  p re p aratio n
A/B an glad e sh /0 9 9 4 /2 0 1 1  (IDC DC -R G3 1 ) G1 -l ike C DC P e n d in g
# A/Egyp t/N0 3 0 7 2 /2 0 1 0  i s a A/Egyp t/1 3 9 4 -NAM R U3 /2 0 0 7 -l ike  vi ru s

u p d ate s sin ce  Se p  2 0 1 1  WHO vaccin e  se le ctio n  me e tin g
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Global Avian Influenza Surveillance at CDC
(HPAI and LPAI)

� Diagnostics development and distribution

� Genetic analysis, complete genome sequencing and 
analysis for genetic markers from recent H5N1 papers

� Antigenic characterization 

� Host range, transmissibility and pathogenicity studies  

� Candidate vaccine virus development 

� Tool development for the international Community

� Influenza Risk Assessment Tool

� Clade Designation Tool will be made available to IRD, GISAID 
and OFFLU

� H5N1 Mutation Inventory
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Toward More Integrated Influenza Surveillance

U.S. 2007 – 2012: Novel Influenza Virus Detection

• Risk assessment conducted for each case, nationally 
notifiable and reported through IHR channels to WHO

Communication and investigations by state, local,   

federal human and animal health officials

Ideally, each case investigated to determine if there is

human to human transmission (and its extent)

Funding provided to USDA for SIV surveillance in 2008

• Laboratory testing included

– Viral genome sequencing

– Serologic studies

– Other complex lab testing
20

Collaboration with Industry and the USDA

Swine Influenza Virus Surveillance Program

• Allows producers to anonymously submit 
samples for influenza testing

• Allows for sharing of viruses and information 
between Public Health and Agriculture

• Began July 15, 2010
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CDC – USDA Collaboration

USDA-CDC teleconferences twice per month

> 360 swine influenza samples shared

Historical & contemporary isolates

Next Generation Sequencing (NGS) Platforms

Ion Torrent

Hosted USDA/NVSL laboratory staff member for Ion Torrent 
training at CDC (05/16-18/2012)

Technical protocols shared between agencies

CDC – DNA sequencing strategy

USDA/NVSL – RNA sequencing strategy

Compared results, merits and pitfalls of each strategy

Explored bioinformaticstrategies and tools for assembly 
and analysis of sequence data

Courtesy:  C. Smith & J. Barnes

Human A(H3N2) Variant Triple Reassortant

Infections

• 17 cases of  human 

inf ection with swine-

origin triple reassortant

inf luenza A (H3N2) 

2011-12

• All 17 cases with M 

gene segment f rom 

pH1N1* f irst detected in 

swine in 2010

• Most human cases with 

swine exposures at f airs

*MMWR September 9, 2011 / 60(35);1213-1215
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Toward Integrated Surveillance in the U.S. : Ongoing 

Investigation of H3N2(v) in  Indiana, 2012

7/12   Veterinarian  at local fair phoned Indiana Board of Animal Health    
(BOAH) to report febrile  illness in swine 
The following day was the final day of the fair and animals were 
scheduled to be sold (food)

7/13 All remaining ~250 pigs at Fair were examined and temperatures 
recorded; Identified ~ 40 pigs had temperatures > 104 (not 
allowed to be sold) and 12 pigs selected randomly for NP swabs

Indiana Department of Health (DOH) was notified of ill people 
associated with pigs at the Fair

7/13–16  DOH gathered information regarding those exhibiting 
swine at the Fair and followed up reports of illness among 2 

families
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7/16 IN DOH identified:
Family 1

3 family members (swine exhibitors) ill w/ILI 
specimens collected on 7/16
onset illness 7/12

Family 2
1 family member ill w/ILI (also swine exhibitor)
specimens collected on 7/16
onset of illness 7/12

CDC notified of sample collection and association with ill swine

Swine samples to Purdue Animal Disease Diagnostic 
Laboratory(ADDL)

7/18 All 4 human samples tested RT-PCR positive at Indiana PHL-
suspected variant H3 influenza 

CDC was notified of lab findings
IN DOH continued epi investigation

26

7/19 Swine samples tested at Purdue ADDL reported:

positive via RT-PCR for Influenza A
positive H3N2 (10 of 10 samples tested)

Conference call with CDC, USDA, BOAH, IN DOH, local health dept.
IN DOH forwarded 4 samples (human specimens) to CDC

IN DOH followed up on additional reports of ill exhibitors

7/20 Samples arrived at CDC from IN DOH
Swine samples arrived at USDA-NVSL (from ADDL)

7/21 Sequencing results from CDC laboratory called to IN DOH

7/22 NVSL discussed their findings with BOAH (12/12 samples + H3N2)
IHR issued by CDC of H3N2 variant finding

7/23 CDC, USDA joint call sharing and integrating  sequence information
Conference call with CDC, USDA, BOAH, IN DOH, local health dept

7/24 Joint call;  investigation ongoing; press release by IN DOH
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Evolution of the H3 Hemagglutinin: 1968-2011

A/Swine/Iowa/533/99 H3N2

A/swine/Colorado/1/1977 H3N2

A/Hong Kong/1/1968 H3N2

0.01

A/Indiana/08/2011 H3N2
A/Pennsylvania/09/2011  H3N2
A/Minnesota/11/2010 H3N2

A/Panama/2007/1999 H3N2

A/Perth/16/2009 H3N2

A/New York/518/1998 H3N2

A/NY/608/1996 H3N2

A/Philippines/2/1982 H3N2

A/Hong Kong/14/1992 H3N2

A/Swine/Illinois/21587/1999 H3N2

A/swine/Nebraska/A01049235/2010

A/swine/Oklahoma/001142/2009 H3N2
A/swine/Iowa/H03HO7/2003 H3N2

1996-8: The human H3 
enters the swine population 

as  a “triple reassortant”  
swine H3N2 influenza virus

1968: An avian 
H3 enters the 

human 
population 

(Hong Kong 

H3N2 pandemic)

.

Font Colors:

Human SOIV H3N2
Swine Influenza H3N2 or H3N1

Human Seasonal H3N2

A/Wyoming/03/2003 H3N2

Sw/HK PB2 PB1 PA HA NP NA M NS 

NS1583/09(10) 

1105/09 (5) 

1435/09(1) 

2314/09(1) 

NS613/09(10) 

1479/09(1) 

NS1889/09(3) 

201/2010(1) 

= H1N1/2009                                 = classical swine

= Euro ‘avian like’ H1N2                                    = TRIG

Vijaykrishna, D, et al, Science, 2010

Swine Influenza Viruses Identified at Slaughter, 

Hong Kong, Jun 09- Feb 10 
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Summary  of Findings
� North American H3N2v viruses pose a risk to humans

� Younger populations susceptible, particularly young 
children; young adults have also been infected

� Limited H-2-H transmission documented (rare)

� Antigenic distance between HAs of SOIV H3 and 

seasonal H3 viruses is great

� Seasonal H3N2 virus not expected to protect against 

SOIV H3N2 viruses in young populations

� SOIV H3N2 viruses may pose a risk similar to “Russian 
Flu” in 1977 for the human population

31

Need for Influenza Risk Assessment 

Framework
•Choose viruses to prioritize ongoing pandemic 

preparedness work

•Ongoing work for choosing influenza vaccine candidates for 
WHO and US global vaccine candidate  library

•Nimble risk assessment  and risk management for newly 
emerging threats, e.g.,  H3N2v

32

Importance of Influenza Surveillance in Animals

Pandemic  
Influenza 

Preparedness 
Planning

Risk 
Identification 
& Definition

Risk 
Assessment

Risk 
Management

Monitoring 
& Review
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Example: Plot  for Emergence and Impact
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Potential Impact

H5N1 clades 1, 2 

H5N1 clade0

H9N2

N.A. H1N1

S-O trH3N2
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Application of the Influenza  Risk Assessment Tool 
for Risk Management

Lower  Priority

In
cr
e
a
si
n
g
 R
is
k

Viruses  - Highest Priority

Application

High Y ield 
Reassortants, 
Lab Studies

Manufacturers 
Produce  Seed 

Lots
Clinical Lot 

Production and 
Clinical Tr ial

Full Scale Bulk 
Lots for  
Stockpile

Fill & Finish

Viruses  - Increasing Priority

Viruses  - Increasing Priority

Vaccine Development

Saving Lives. Protecting People. 

www.cdc.gov.

1-800-CDC-INFO

Nancy J. Cox           njc1@cdc.gov


