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WHO Global Influenza Surveillance Network (GISN)
(Established in 1952)

5 WHO Collaborating Centres (Atlanta, London, Melbo urne, Tokyo, Memphis)
122 National Influenza Centres ( 94 countries) (gaps !; IHR 2005)

Main Objectives:
• Monitor - epidemiology of influenza and burden of di sease 

- antigenic/genetic changes in circulating A and B v iruses
- geographical spread of new antigenic variants
- emergence and persistence of drug resistance

Make biannual recommendations on human vaccine comp osition

• Early detection of novel human viruses, assessment of pandemic risk
- identify the virus (genetic/antigenic) – new human subtype?
- identify source of infection and extent  
- sporadic or local clusters of infection (serologic al evidence)
- human-human transmission?
- geographical spread
- develop candidate vaccine strains



Sporadic human infections with animal viruses

Identity of the virus (genetic/antigenic) – new human subtype?

• Swine H1N1, H1N2, H3N2 - antigenically different from  human subtypes
(not considered likely pandemic threat)

important to monitor changes among swine viruses 
- to readily identify source of infection (e.g. A/HK /1774/99, H3N2) 
- emergence of novel subtypes (e.g. H2N3) with incre ased pandemic risk

• Avian viruses:
H7N7, H7N3, H7N2 - mainly mild infections, conjuncti vitis

- little change (animal/human)
- source of infections removed

H9N2 - mild infections; partial human receptor-bindi ng characteristics
- widespread

H5N1 - highly pathogenic (~60% fatality), diverse ge netically and antigenically
- increasing spread 



Influenza A (H5N1) Infection in Avain and Human Popu lations 
(1997-2008)

1997, March-May Outbreaks in chicken farms in Hong K ong.

1997, May, Nov-Dec 18 human cases, 6; all poultry sl aughtered
(viruses contained internal genes of H9N2 (triple r eassortant) - eliminated)

1999-2000 Detected among geese and ducks in HK.

2001, Apr-May Outbreaks among wild waterfowl in HK p arks.  Spread to chicken farms and live 
poultry markets                                    

Emergence of Z (and V) genotypes.

2003, Feb 2 human cases, 1 fatal (HK/Fujian, China)

Late 2003 - Extensive outbreaks in E. Asia; Vietnam,  Thailand, Indonesia, Malaysia, S. Korea, 
Japan, China, Laos, Cambodia (Z genotype dominant).

July 2005 - Spread westwards to Europe; Kazakhstan, Mongolia, Russia, Romania, Turkey, 
Croatia and Ukraine.

Feb 2006- Spread to Africa; Nigeria, Egypt, Cameroon . 

Late 2003-Sept 2008 Identified in Africa (10 countri es), Asia (25 countries) and Europe (26 countries).

Dec 2003-Sept 2008 387 confirmed human cases (245 fa tal) in: Indonesia (137/112), Vietnam (106/52), 
Egypt (50/22), China (30/20), Thailand (25/17), Tur key (12/4), Azerbaijan (8/5),
Cambodia (7/7), Iraq (3/2), Pakistan(3/1), Laos (2/ 2), Nigeria (1/1), Bangladesh (1/0), 
Djibouti (1/0), Myanmar (1/0).[15 countries]
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Cumulative Number of Confirmed Human Cases of Avian  Influenza A/(H5N1) Reported to WHO
10 September 2008
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Total number of cases includes number of deaths.

WHO reports only laboratory-confirmed cases. 
All dates refer to onset of illness.



Human H5N1 Viruses (2003-8)

• All avian genes (no reassortment with human / animal virus)

• HA (NA) - common ancestor, A/goose/Guandong/1/96

• Genotype: mostly Z; V (China – recent spread in SE Asia)
[different from 1997 viruses (internal genes = H9N2)]

• 2004: 2 main clades 1 and 2
2005-8: clade 2 – 3 princpal subclades (differ antigenically and geographically)

(new nomenclature distinguishes 10 clades and multiple subclades )

• Most human infections due to contact with infected birds

• Evidence for limited human - human transmission (family clusters)

• Clinical outcome (~60 % fatality) – no apparent difference between 
clades/subclades: common feature is HA of gs/Gd



Genotypes of H5N1 viruses 
in southern China, 1996-2006 

(Duan et el, 2008)

• Rapid increase in genetic diversity (2000- ) 

• 2 major reassortant events in 2001 and 2002

(in domestic ducks)

• 44 genotypes identified 

- 10 persistent; 34 transient

(no change in fitness)

• 2 major replacements 

- B by Z (20 AA deletion in NA) in 2002

- Z by V (different PA gene) in 2005

( no further reassortment with other viruses     
outside China)





Monitoring changes in novel human influenza viruses

Genetic changes/increased diversity (all genes):
• In source viruses - genetic reassortment (avian/human )? 

- diagnosis: update primers/probes? [H5N1 )( H7N7]
(WHO Working Group on PCR Protocols)

- increase human infection (pandemic risk) [PB2 E627 K of clade 2.2]
- change in clinical outcome?
- drug resistance (established mutations)?

• Following animal to human transmission - adaptive ch anges?
(increase human transmission)
- HA receptor binding (increased preference for 2,6 sialic acid (human) receptors)
- Polymerase activity, e.g. PB2: E627K, D701N
- Altered virulence?, e.g. NS1, PB1- F2 

Antigenic changes/increased diversity (using ferret post-infection antisera): 
• Diagnostics
• Vaccines: update of candidate strains?

- cross reaction/protection
• Cross-reactivity of antibody responses to natural i nfection

Resistance to anti-M2, anti-NA drugs :
• Effectiveness of antivirals (stockpiles) 



Tarendeau et al, 2008





Changes in HA of H5N1 following avian to human tran smission

Yamada et al, 2006



Influence of mutations in HA of clade 1 H5N1 viruses on receptor binding ?



The HA of H9N2 virus, with leucine 226, has preference for the 
human-like (α2,6-linked sialic acid) receptor - intermediate in 
human adaptation? - does it pose a greater pandemic threat?





Genetic drift in HA of H5N1 viruses



Monitoring changes in novel human influenza viruses

Antigenic changes/increased diversity (using ferret post-infection antisera): 

Vaccines: update of candidate strains?
- cross reaction/protection

Cross-reactivity of antibody responses to natural i nfection?





Pandemic vaccines under clinical

evaluation 
(WHO, July 2008: >70 trials)

• Whole virus without adjuvant – Baxter (Vero), Austria 

• Whole virus with Al – 4 Japanese companies; Omninvest, 

Hungary;  GSK, Germany; Sinovac, China 

• Split without adjuvant – Sanofi P, USA 

• Split with Al - Sanofi P, France; Sanofi P, USA ;CSL, Australia 

• Split with oil/water emulsion - Sanofi P, France; GSK, Germany

• Subunit with Al – Microgen, Russia

• Subunit with oil/water emulsion – Novartis, Italy; Microgen, Russia 

• Rec HA/M2– Protein Science, Acambis, Merck, Vaxinnate, Novavax,

USA; Cytos, Switzerland

• DNA – NIH, USA; Vical, USA

• Live attenuated virus – Medimmune, USA, Inst Exp Med, Russia

Pandemic vaccines under clinical evaluation 
(WHO, July 2008: >70 trials)



Results from H5N1 vaccine 
trials

Type of vaccine ‘Compliance’ with EU 
licensing criteria

Split vaccine no adjuvant (Sanofi P) Need two doses of 90 µg

Split/subunit vaccine with Al (Various) Need two doses of 15-45 µg

Whole virus (egg) with Al (Various) Need two doses of 5-15 µg

Subunit with MF59 adjuvant (Novartis) Need two doses of 7.5 µg

Whole virus Vero cell culture, no adjuvant  
(Baxter)

Need two doses of 7.5 µg

Split vaccine with AS adjuvant (GSK) Need two doses of 3.8 µg

Split vaccine with AF03 adjuvant (Sanofi P) Need two doses of 1.9 µg

Whole virus vaccine with Al (Omninvest) Need one dose of 6 µg

Data published or presented at WHO meetings, 2007, 2008



Cross reactivity of antibody stimulated by Cross reactivity of antibody stimulated by 
GSK AS GSK AS adjuvantedadjuvanted split vaccinesplit vaccine

E Hanon, WHO 2008; I Leroux-Roels et al, PLoS ONE, 2008, Feb 27; 3 (2): e1665 



Cross-Clade Reactivity of Anti-H5N1 Antibodies Detected by the Plaque Reduction Assay (1) 

Sera from four confirmed cases of H5N1 clade 2.2 infection of humans and a confirmed case from Nigeria were assayed 
against the panel of viruses indicated. All sera showed cross-reactivity to the four viruses clade/subclade representatives 
used.  

Detaction Anti H5N1 Antibody using Plaque Reduction  Assay
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FA   T N  E

Amantadine resistance mutations in the M2 channel pr otein

• Well-defined mutations correlate with resistance in vitro and in vivo

• Screen for resistance by sequencing M gene (pyrosequencing)



Emergence of amantadine resistance in 
human and animal viruses

• Pre 1980’s – low incidence; approx. 1%
• Mid 1980’s – European swine H1N1 viruses 

(sporadic human cases)
• 2000          - avian H5N1,H9N2 (S.E. Asia)
• 2003          - avian H5N1 clade 1 (and human cases) 

H5N3(S.E. Asia)
H7N2(N. America)

• 2003          - human H3N2 (China/Hong Kong; worldwide)
• 2006          - human H1N1 emergent variant



(All resistant )

(Most resistant )

(Most sensitive)

(Most sensitive)

M genes of H5N1 viruses – amantadine resistance



Structure Based Drug Design 

DANA
low µµµµM

Tamiflu

low nM



Structures of the inhibitors of the neuraminidases of influenza A and B 
viruses. The guanidino and ethylpropoxy substituent s of zanamivir and 
oseltamivir, respectively, both present in peramivi r, are highlighted . 



Emergence of resistance to 
zanamivir and oseltamivir

Clinical trials
• Zanamivir – low (?)
• Oseltamivir – adults: 0.3%(4/1228)

children: 4%(17/421)

Oseltamivir treatment
• Japanese children – H1N1: 16%(7/43) (Ward et al,2005)

- H3N2: 18%(9/50) (Kiso et al, 2004)
- B : 1.4%(1/74) (Hatakeyama et al, 2007) 

• Japanese(untreated) – B: 1.7%(7/422) (Hatakeyama et al) 
• H5N1-infected patients: 25%(2/8) (de Jong et al, 2005)

Current A H1N1 viruses (Late 2007 – 2008)
• Emergence and worldwide spread of oseltamivir resistance

80 - 100% in e.g. South Africa, Senegal, Australia, Philippines,
Uruguay



Effect of Oseltamivir Treatment on Virus Load in H5N1 Patients
[arrows indicate resistant virus (H274Y )]

Died

Survived

M. de Jong et al.  N. Eng. J. Med. 2005





Effects of oseltamivir resistance 
mutations in ferrets (and mice)

• H3N2: R292K – reduced infectivity/virulence, not transmitted
E119V – similar infectivity/virulence (?), transmitted

• H1N1: H274Y – reduced infectivity/virulence, reduced transmission
(currently circulating H1N1 viruses!)                             

N294S - lower replication/virulence (in mice)

• H5N1: H274Y - reduced replication, (similar virulence in mice)
N294S – similar virulence (in mice)

• B:   R152K(Z) - reduced infectivity/virulence

D198N - similar infectivity/virulence



OSELTAMIVIR BINDS TO BOTH OPEN AND CLOSED CONFORMAT IONS

Group 1 NAs:

Additional 150 
cavity adjacent 
to catalytic site 
(not seen in 
group 2 NAs)

-target for 
additional drug 
design



Effects of the H274Y mutation on the location of Gl u 276 of N1 of 
A/Vietnam/1203/04(H5N1) in complex with with oselta mivir or zanamivir

Wild type (yellow) ; H274Y mutant (green)
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Effect of the Asn294Ser mutation on oseltamivir bindi ng to N1 of H5N1

Km 8 x wt

Ki (Zan) 7 x wt

Ki (osel) 81 x wt




