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Neuro-invasive WNV cases significantly lower in 
GA and most SE States 

Why WNV spill-over in Georgia (and 
the SE) is that low ? 

Source: CDC ArboNet. 2009-2012 



Why is WNV spill-over that low? 
Low mosquito abundance? 

Absence of transmission hot-spots? 

Low enzootic transmission? 

Absence of competent reservoir hosts? 

Complex bird community “dilutes” transmission? 

Different viruses? 

Low human exposure? 

 

 

 

Image: Reisen, 2010. Ann. Rev. Entomol. 



Mosquitoes 

Vectors and WNV infection 
 
• Culex quinquefasciatus the most important 
Vector. Found in >84% of WNV+  tested pools. 
 
Common urban habitats for Cx quinquefasciatus: 
 * unmanaged residential pools and containers  
 * catch basins  
 * Wastewater treatment facilities 

 

Source: R. Kelly 



Cx. quinquefasciatus 
abundance 

WNV infection in    
Cx. quinquefasciatus 

WNV infection in 
dead corvids 

WNV infection in 
humans 

WNV infection in mosquitoes, birds and humans clustered in close 
proximity to CSO streams. 

Hot-spots of transmission 



Observational, laboratory, 
and semi-natural 

experiments 

Peavine creek 
Non-CSO Tanyard creek 

CSO 

   

  
 

  
Oviposition preference 
Fitness and behavior 
Density dependence 

CDC 
insectary 

Role of CSOs in mosquito ecology and 
population dynamics. 



Monitoring CSO (T) and  
non-CSO (P) streams 

Lund et al. submitted 

Year 2008 



Water quality and vector productivity 
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CSOs and mosquito oviposition 
• Experimental work in semi-natural conditions 



Why is WNV spill-over that low? 
Low mosquito abundance? 

Absence of transmission hot-spots? 

Low enzootic transmission? 

Absence of competent reservoir hosts? 

Complex bird community “dilutes” transmission? 

Different viruses? 

Low human exposure? 

 

 

 

Image: Reisen, 2010. Ann. Rev. Entomol. 



Enzootic Transmission 

Source: Gibbs et al. 2006 

Infection in birds 

•  2001-2007 dead bird surveillance: 1,884 (+) / 7,396 tested (25%). 
Most (89%) infected dead birds were crows and blue Jays. 
 

•  Northern cardinals, rock pigeons and ground doves seem to play a 
significant role in virus amplification. 

WNV pos WNV neg 



Monitoring residential and recreational areas in 
Atlanta, GA (work led by Rebecca Levine) 
 Performing comprehensive avian sampling, serology 

and virus isolation (at UGA) 

Mist-netting Blood sampling 

Enzootic Transmission 





• 48 out of 141 samples WNV seropositive (34%) 
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2011 followed a similar trend 

Enzootic Transmission 

Northern Cardinal: a competent reservoir host in the SE 

Levine et al. VBZD 2013 



Other contributors to 
virus amplification 

• Work led by Donal Bisanzio (DVM,PhD). 
• Work done in Grant Park. Bi-weekly squirrel sampling 



Why is WNV spill-over that low? 
Low mosquito abundance? 

Absence of transmission hot-spots? 

Low enzootic transmission? 

Absence of competent reservoir hosts? 

Complex bird community “dilutes” transmission? 

Different viruses? 

Low human exposure? 

 

 

 

Image: Reisen, 2010. Ann. Rev. Entomol. 



Bird – Mosquito Contact network 

Pref-H:  highly preferred host 

Semi-H: moderately preferred host 

Poor-H: low preference host 

Mosquito 

Simulation models to assess interaction between bird 
and mosquito communities. 

Bisanzio et al. in prep. 



• Increasing the proportion of Pref-H reduces the number of 

birds infected in the other two groups 

• Bird population composition has more impact on WNV 

prevalence within bird groups than in the overall population 

 

                                                                        

Bird community composition affects 
WNV amplification 



Bloodmeal ID from field-
caught mosquitoes 

 

Karen Wu et al. Unpublished 

Cardinals represent 24% of 
all bird sources and 
humans 37% of total 
samples. 
  
Evidence of human-bird 
mixed feeds! 

Credit: CDC/Jim Gathany(2003) 



Why is WNV spill-over that low? 
Low mosquito abundance? 

Absence of transmission hot-spots? 

Low enzootic transmission? 

Absence of competent reservoir hosts? 

Complex bird community “dilutes” transmission? 

Different viruses? 

Low human exposure? 

 

 

 

Image: Reisen, 2010. Ann. Rev. Entomol. 



Some thoughts 
Low spill-over in GA not associated with low virus 
amplification or availability of competent hosts. 
 
All data indicates more virus spill-over into humans 
should be occurring. 
 
Is the low human infection rate confounded by low 
reporting (in all SE states?). How do we explain low 
neuro-invasive WNV? 
 
We need to learn more about contact rates between 
humans-mosquitoes and birds-mosquitoes. 

“Let me tell you the secret that has led me to my goal. My strength lies 
solely in my tenacity.” (Louis Pasteur) 



Understanding linkages between vectors, hosts 
and built environment 

Human   
Infection 

Vector biology & behavior 

Host/pathogen interactions 

Vector/pathogen  
adaptation  

Ecological processes 

Human behavior & response 

Genetics and 
Phylodynamics 

“Much remains to be 
discovered about the 
complex biological and 
ecological relationships that 
exist among pathogens, 
vectors, hosts, and their 
environments.”  
 
“Such knowledge is 
essential to the development 
of novel and more effective 
interventions” 

Forum on Microbial 
Threats – US Institute of 

Medicine. 2007. 

Landscape legacies and ecology 
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Questions? 
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