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Focus: Vector-borne Disease Ecology 
Understanding enzootic transmission 
and the emergence potential of disease 
pathogens with a One Health lens

Based at VT since 2018
Department of Entomology



ONE-HEALTH

• HUMANS  
• LIVESTOCK
• WILDLIFE 
• DOMESTIC ANIMALS
• ARTHOPODS
• ENVIRONMENT

It is all interrelated!



•VECTORS include ticks, mosquitoes, tsetse flies, culicoides midges, 
sandflies, kissing bugs, fleas, flies

• Etiological AGENT can be viral, bacterial, protozoan or filarial worm
• Vertebrate HOSTS

e.g: WNV (birds~mosquitoes)
Lyme disease Borrelia (white-footed mice~Ixodes ticks)
Trypanosomiasis (cattle/tsetse flies)

Arthropod-borne (arbo-) viruses

VECTOR-BORNE DISEASE TRANSMISSION CYCLES



Understanding Enzootic Spread 
and Spillover:
Urbanization
Declining population immunity to infection
Deforestation
Population movement
Encroachment on wildlife habitat
Climate change
Pathogen evolution
Invasive species

Insight for wildlife disease & spill-back



Land-use change



"When you disturb a forest, it 
actually upsets the balance of 
nature, the balance between 

pathogens & people"



Tropical deforestation & increased risk of malaria 



Mosquito Species Composition 
across a forest degradation gradient

- Key species predominate at each habitat 
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Vector-borne disease ecology in the Eastern USA

• Mosquitoes

• Ticks
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Turner



Isolated LACV (lineage III) in 2018
from Connecticut mosquitoes



 DQ196119 Mosquito WI 1977
 GU206115 Mosquito NY 1967
 U18979 Human MN 1960
 GU206133 Human WV 1995
 GU596384 Ae. triseriatus WI 2006
 U18980 Human WI 1978
 GU596381 Ae. triseriatus WI 2007
 78V-8853 Ae. triseriatus MN 1978

 GU206139 Human MO 1993
 TN00-2266 Ae. albopictus TN 1999

 EF485037 Mosquito NC 1978
 GU206112 Mosquito NC 2000

 KP226847 Ae. japonicus VA 2009
 GU206148 Mosquito WV 2000
 WV96-653 Ae. triseriatus WV 1995
 GU206124 Ae. triseriatus OH 1965
 GU596383 Ae. triseriatus WI 2007

 GU206127 Ae. triseriatus NC 1997
 GU206136 Human OH 1995

 A3-4851 Ps. howardii AL 1963
 88-23128 Dog GA 1988
 GU206142 Ae. triseriatus NY 1974

 GU591165 Ae. albopictus TX 2009
 GU591168 Aedes sps. TX 2009

 GU206145 Mosquito WV 1996
 GU206118 Mosquito NY 2006
 GU206121 Mosquito NY 2006
 GU206109 Mosquito NY 2006

 GU206130 Mosquito NY 2003
 LV-1307 Ae. triseriatus CT 2018
 6674-15 Ae. triseriatus CT 2015
 LV-2254 Ae. triseriatus CT 2018
 LV-990 Ae. cinereus CT 2018
 17040-18 Ae. cinereus CT 2018
 6716-05 Ae. triseriatus CT 2005
 12390-16 Ae. triseriatus CT 2016
 10846-18 Ae. cinereus CT 2018
 LV-1864 Ae. triseriatus CT 2018

 K02539 Snowshoe hare virus
 KF719222 Chatanga virus

 AF123483 California encephalitis virus
 AF123486 San Angelo virus

 AF123484 Lumbo virus
 HM036212 Tahyna virus
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Intensive mosquito trapping 
at LACV foci indicates 
local persistence of 

lineage III strains in NE USA

An entomological risk exists
What is the human risk?

Eastwood et al. 2020 P&V; Eastwood et al. 2020 JME



Third lineage of La Crosse virus (Northeast USA)
Is there an underlying public health risk?

Entomological Risk 
LACV-infection in mosquitoes:

- multiple species 
- several areas 
- multi-years)

Why have we not seen clinical cases?
• Under/mis-diagnosis?
• How does LACV III persist? 

Horizontal vs. Vertical transmission only ?
• Pathogenicity or virulence of LACV III strains? 

(compared to other lineages)

Vector-competence determination



Characterization of La Crosse Virus lineage III strains 
~ Pathogenicity & Vectorial Competence 

in potential vector mosquitoes

?

?

LINDSEY FAW



A tick focus

Amanda
Whitlow 
(Masters)

Tick Species Diversity
& Pathogen Prevalence 

in SW Virginia



Methods
• 8 counties in Virginia 

1 pasture site, 
1 urban site,
1 forest site

=24 total sites
• Each site dragged for 30 mins ~every 2 wks

• Temp, humidity, & time recorded 
• Trail cameras Vertebrate presence
• Pathogen screening  qPCR/RT-PCR

Tick sampling






Objective 1: Determine tick species 
diversity across habitat

N=7508 ticks collected ~ June 2019-Nov 2020

• 5782 Haemaphysalis longicornis
• 768 Amblyomma americanum 
• 703 Ixodes scapularis
• 140 Haemaphysalis leporipolustris
• 97 Dermacentor variabilis
• 6 Ixodes brunneus
• 6 Ixodes dentatus
• 3 Dermacentor albipictus
• 2 Ixodes cookei
• 1 Ixodes minor



Objective 2:  Determine tick-borne 
pathogen prevalence in SW Virginia

Ixodes scapularis (Whitlow & Schiff) 
Borrelia spp., Babesia microti, 
Anaplasma phagocytophilum, 
Powassan virus

Amblyomma americanum (Whitlow) 
Ehrlichia spp., 
Heartland virus, Bourbon virus

Haemaphysalis longicornis (Trimble & Cumbie) 
Theileria orientalis, 
Heartland virus, Bourbon virus





Amblyomma 
americanum 

All  initial pools negative
for presence of: 

Ehrlichia spp., 
Heartland Virus,
Bourbon Virus

Further screening of ticks in 2022 
(New & Fall 2021 collections) Whitlow et al (in press) JoVE



Peter 
Schiff



Ixodes scapularis
2019-2020 Pooled-infection rates

Pathogen Max Likelihood 
Estimate

Borrelia burgdorferi 27.0% (20.7, 34.4)

Borrelia miyamotoi 7.1% (4.3, 11.4)

Anaplasma phagocytophilum 7.1% (4.3, 11.4)

Powassan virus 0.20% (0.04, 1.09)

Babesia microti Not detected

Whitlow et al (in press) JoVE



Key finding:
POWV detected in counties of western VA

Cumbie et al (in press) AJTMH
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Four ecologically-similar forest regions in Central Panama 
gradient of human modification (‘degraded’ to ‘intact’)

LAS PAVAS

BCI

ACHIOTES

SOBERANIA

The Influence of FOREST DEGRADATION 
on sylvatic mosquitoes in Panamá
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