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The challenge of forecasting the 
spread of zoonotic disease…….

• Comparison of West Nile Virus and H5N1
• Disease Ecology and spread of WNV
• Weather/Climate and spread of WNV
• Disease Ecology and spread of H5N1 

HPAI
• Weather/Climate and spread of H5N1



after http://www.warnercnr.colostate.edu/avprojects/globe/precipitation/West%20Nile%20Virus/wnvlifecycle.jpg

VERTICAL TRANSMISSION
Virus transmitted from female 
mosquitoes to eggs and larvae

WNV overwinters in mosquito populations



1999 prediction by Rappole et al.of
implications of avian assisted 

movement of the virus
• Rappole et al 1999

“If transovarial transmission or survival in 
overwintering mosquitoes were the principal 
means for its persistence, West Nile virus 
might not become established in the New 
World because of aggressive mosquito 
suppression campaigns conducted in the 
New York area. However, the pattern of 
outbreaks in southern Europe suggests that
viremic migratory birds may also contribute 
to movement of the virus. If so, West Nile 
virus has the potential to cause outbreaks 
throughout both temperate and tropical 
regions of the Western Hemisphere.”



Spread of West Nile Virus 
in USA and Canada, 1999 – 2002 

Henry V. Huang / Washington U School Medicine http://environmentalrisk.cornell.edu/WNV/Maps/HH-USCan-99-02.gif



By 2004 WNV was on the east side 
of the Sierra killing Sage Grouse



Geographic distribution 
of H5N1 HPAI



Highly Pathogenic AI - H5N1

Risk Pathways for Entry
– Poultry and poultry products

– Pet/wild bird trade

– Smuggling

– Migratory birds

– Humans 



2. Mutation into HPAI  likely 
occurs in poultry farms

3. Wild birds are re-infected by contact 
with infected poultry and die

1. Wild birds transmit LPAI 
to farmed birds

The old model for Highly 
Pathogenic Bird Flu dynamics 
in wild and domestic birds







Can migratory birds carry the high pathogenic form of the 
H5N1 virus along migratory pathways?



Evidence of non-lethal HPAI 
movement by wild birds.

. The presence of coexisting but genetically distinguishable avian 
influenza

viruses with an HP viral genotype in two cohabiting species of wild 
waterfowl, with evidence of non-lethal infection at least

in one species and without evidence of prior extensive circulation of the 
virus in domestic poultry, suggest that some strains

with a potential high pathogenicity for poultry could be maintained in a 
community of wild waterfowl.

Citation: Gaidet N, Cattoli G, Hammoumi S, Newman SH, Hagemeijer
W, et al. (2008) Evidence of Infection by H5N2 Highly Pathogenic Avian 
Influenza Viruses in

Healthy Wild Waterfowl. PLoS Pathog 4(8): e1000127. 
doi:10.1371/journal.ppat.1000127



H5N1 HPAI –flu transmission

Fecal/oral route



Weather and the H5N1 Virus
• The H5N1 avian influenza 

virus can survive for more 
than a month in bird 
droppings in cold weather 
and for nearly a week 
even in hot summer 
temperatures, the World 
Health Organization said 
on Fri 20 Jan 2006.
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Migration Timing
Example: Surf scoter departure 
from coastal wintering areas 
and arrival at interior breeding 
areas
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Baja, Mexico

San Francisco Bay, USA

Strait of Georgia, Canada

Wainwright and Takekawa, unpubl. data



Migratory Connectivity

Webster et al. 2002

(a) = Strong connectivity 
Most individuals from a single 
breeding area move to the same 
non-breeding area

(b) = Weak connectivity
Individuals from single breeding 
area move to several non-
breeding areas

Assignment Test



Population Structure

Esler 2000 – Applying Metapopulation
Theory to Migratory Birds

• 4 scenarios of spatial and 
temporal dynamics between 
migratory bird breeding and 
wintering areas. 

(a) Distinct breeding areas and 
winter panmixia

(b) Breeding panmixia and 
distinct winter areas

(c) Distinct breeding and 
wintering areas

(d) Unstructured – breeding and 
wintering panmixia

• Ovals represent 
geographically distinct 
groups, solid arrows 
represent migration, and 
dashed arrows represent 
dispersal. 
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Potential impacts of climate change 
to intercontinental bird migration

• Direct effects of weather and indirect 
effects on habitat 

• Changes in timing of migration
• Changes in stopover locations
• Changes in length of stopovers
• Changes in species interactions during 

migrations
• Asynchrony of migratory clues and food 

supplies on breeding grounds
• Some species showing plasticity in timing 

of migration…. Others are not.
• Impacts may be greater on the  long 

distance migrators



• WNV – possible direct effects related 
drought and warmer temperatures and 
favorable conditions for mosquito vectors 
potentially favor expansion of the range 
WNV

• H5N1 – impacts likely indirect and related 
to changes in intercontinental migration of 
birds or changes in habitats or interactions 
between species

Climate comparsions – direct vs
indirect effets:



Avian Pox in Giant PetrelsAvian Pox in Giant Petrels
in the Antarcticain the Antarctica

• In 2005 avian pox was  
detected for the first
time in the Antarctica


