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 First appeared in Hong Kong in 1996-1997, HPAI 

has spread to approximately 60 countries. More 

than 250 million poultry were lost.

 35% of the human cases are in Indonesia.  

Worldwide the mortality rate is 53%, but 81% in 

Indonesia.  In Indonesia, 80% of all fatal cases 

occurred in 3 adjacent provinces.

 Co-infection of human and avian influenza in 

humans may produce deadly strains of viruses 

through genetic reassortment.

 On average one major pandemic occurred in 

each century.  90 years have passed since the 1918 

pandemic (0.675M deaths in the US, and 21-50M 

deaths worldwide).

 HPAI H5N1 was found in Delaware in 2004.

THE PROBLEM
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New Flu Strains Often Appear in SE Asia 

First Before Migrate to Other Regions

Migration Route of Seasonal Influenza A(H3N2) Virus

Source: Russell et al., Vaccine 265 (2008)
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Asia

43% thru poultry

14% thru mig. birds

Analysis of Global Spread of H5N1 through 

Phylogenetic Evidence, Poultry & Bird Trades, 

And Bird Migration Data

Africa 

25% thru poultry

38% thru mig. birds

Europe

87% thru mig. birds

US

Most likely thru 

poultry to 

surrounding 

countries first, 

then thru migratory 

birds to US 

mainland

Source: Kilpatrick et al., PNAS 2006.
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OBJECTIVES

 Perform empirical AI outbreak risk analyses based on outbreak 

history, environmental parameters, and socio-economic factors.

 Identify spatiotemporal risk for AI outbreaks based on wetland 

distributions, prevalence of bird species, flyways of migratory birds, 

surface characteristics, and socioeconomic factors.

 Model the spread of AI virus from large commercial poultry farms 

to small and backyard farms under typical environmental and 

socioeconomic conditions.

 Model weekly influenza-like illness cases based on observed and 

forecast meteorological parameters for regions in the US and some 

tropical countries.
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What environmental and socio-economical 

factors may contribute to HPAI outbreaks?
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What areas around wetlands may have 

higher risks for AI outbreaks?



NAMRU-2 Bird Surveillance Sites on Java 



NAMRU-2 Bird Surveillance Study

 The role of migratory birds in the spread of H5N1 remains under 

considerable debates.

 In Indonesia, migratory pathways are only known for shorebirds 

(East Asian-Australasian flyway) and migratory ducks and geese 

(East Asian & Central Asian flyways). 

 4067 birds comprising of 98 species and 23 genera were collected 

in 2006-2007.

 Most common birds: striated heron, common sandpiper, and 

domestic chicken.
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(continued)

 RNA was extracted from swabs; RT-PCR was conducted for H5N1 

genes; antibodies was detected using hemagglutination inhibition and 

other tests.

 16% of the captive birds (duck, swan, pigeon, etc.) showed H5N1 

antibody.

 Species with the highest seropostive rates in each category are 

Muschovy duck (captive), striated heron (non-migratory) and Pacific 

golden plover (migratory).

 Infected captive birds can be asymptomatic.

 The role of migratory birds in H5N1 transmission is limited.



ASTER False-Color, Google Earth 

And Land Use Maps Around Indramayu



Supervised Classification



Some Bird Species Around Indramayu



EU’s & UK’s Practice:

3 km protection zone

10 km surveillance zone

larger restricted zone

Buffer zones can be established to limit the spread 

of H5N1 around wetlands and the nearby farmlands



How do AI viruses spread on and off 

farms, within and across poultry sectors, 

and into the environment?





On-Farm and Off-Farm Spread of H5N1
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Within and Across-Sector Spread of H5N1
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How seasonal flu transmission is 

influenced by the environment, and how 

can this be used for pandemic early 

warning?
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Time series for 

environmental 

parameters and 

weekly seasonal 
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Maricopa County, Arizona
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Thank You!


