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•• Established in 1997 to monitor Eastern Equine Encephalitis Established in 1997 to monitor Eastern Equine Encephalitis 
(36 sites)(36 sites)

•• Expanded in 2000 with the introduction of West Nile virus Expanded in 2000 with the introduction of West Nile virus 
(91 sites)(91 sites)

Mosquito Arbovirus Surveillance ProgramMosquito Arbovirus Surveillance Program

•• Primary ObjectivesPrimary Objectives
–– Provide an early warning systemProvide an early warning system

to detect EEE and WNV to detect EEE and WNV 
–– Assess human riskAssess human risk
–– Guide control measuresGuide control measures

•• GoalGoal
Prevent a sustained local outbreakPrevent a sustained local outbreak
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Mosquito Trapping Stations
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•• Rural AreasRural Areas
–– Permanent swamps and bogsPermanent swamps and bogs

Mosquito Collection Sites Mosquito Collection Sites 

•• Urban / Suburban SitesUrban / Suburban Sites
–– Neighborhood parks and schoolsNeighborhood parks and schools
–– Along waterways and streamsAlong waterways and streams
–– Sewage treatment plantsSewage treatment plants
–– Horse stablesHorse stables
–– Tire dumpsTire dumps

– MarshesMarshes
(fresh and salt)(fresh and salt)
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•• Mosquito trapping from June Mosquito trapping from June -- OctoberOctober

•• 91 permanent trapping stations (trap weekly)91 permanent trapping stations (trap weekly)

•• 2 Mosquito trap types:2 Mosquito trap types:

–– COCO22--baited CDC light trapbaited CDC light trap
All speciesAll species

–– Gravid mosquito trap Gravid mosquito trap 
(Hay infusion)(Hay infusion)
Culex Culex mosquitoesmosquitoes

Mosquito SurveillanceMosquito Surveillance

CDC light trap

Gravid trap

CO2
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•• Mosquito identification to speciesMosquito identification to species
–– 50 species in CT50 species in CT
–– Routinely collect 35 species Routinely collect 35 species 

•• Completed on day of collectionCompleted on day of collection

•• Pooled  by species and site Pooled  by species and site 
–– Maximum of 50 / poolMaximum of 50 / pool

•• All species testedAll species tested

Mosquito IdentificationMosquito Identification
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•• Biosafety Level 3 LaboratoryBiosafety Level 3 Laboratory

–– Incubate for 7 days at 37 Incubate for 7 days at 37 ooCC in 5%in 5%
COCO22

–– Examine daily for virus growthExamine daily for virus growth

•• Virus isolation in Vero cell cultures Virus isolation in Vero cell cultures 
(African Green Monkey)(African Green Monkey)

Virus Isolation & IdentificationVirus Isolation & Identification

•• Virus identification by Virus identification by 
Real time PCR, RTReal time PCR, RT--PCR, PCR, 
or PRNTor PRNT
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•• West Nile VirusWest Nile Virus
•• Eastern Equine EncephalitisEastern Equine Encephalitis
•• Jamestown CanyonJamestown Canyon
•• Cache ValleyCache Valley
•• TrivittatusTrivittatus
•• La CrosseLa Crosse
•• Highlands JHighlands J
•• PotosiPotosi
•• Flanders Flanders 

MosquitoMosquito--Borne Viruses in ConnecticutBorne Viruses in Connecticut

Cause Human DiseaseCause Human Disease
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Human Disease Causing MosquitoHuman Disease Causing Mosquito--Borne Viruses in CTBorne Viruses in CT

VirusVirus ReservoirReservoir Age GroupAge Group

BirdBird ElderlyElderly

ChildrenChildren

ChildrenChildren

Young Young 
adultsadults

All agesAll ages

All agesAll ages

BirdBird

La CrosseLa Crosse Squirrel, chipmunkSquirrel, chipmunk Severe, encephalitisSevere, encephalitis

WhiteWhite--tailed deertailed deer

Deer, horse, Deer, horse, 
sheepsheep

Rabbit, squirrel, Rabbit, squirrel, 
raccoon, opossumraccoon, opossum

Human diseaseHuman disease

West NileWest Nile Moderate to severe, Moderate to severe, 
fever, encephalitisfever, encephalitis

Eastern Equine Eastern Equine 
EncephalitisEncephalitis Severe, encephalitisSevere, encephalitis

Jamestown Jamestown 
CanyonCanyon

Mild, fluMild, flu--like, respiratory like, respiratory 
involvementinvolvement

TrivittatusTrivittatus Febrile illness, feverFebrile illness, fever

Cache ValleyCache Valley Febrile illness, feverFebrile illness, fever
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EEE and WNV EEE and WNV -- Human Clinical FeaturesHuman Clinical Features

EEEEEE WNVWNV

Risk groupRisk group

Incubation Incubation 
periodperiod

SymptomsSymptoms

TreatmentTreatment

VaccineVaccine NoneNone

Mortality rateMortality rate 30%30% 3 3 -- 4%  (Adults > 75yr)4%  (Adults > 75yr)

LongLong--term term 
effectseffects

Mild to severe brain damage Mild to severe brain damage 
(30% of patients)(30% of patients)

Fatigue, weakness, memory Fatigue, weakness, memory 
impairment up to 15 monthsimpairment up to 15 months

Children < 15 yrsChildren < 15 yrs
Adults > 50 yrsAdults > 50 yrs

Adults > 50 yrsAdults > 50 yrs

3 3 –– 10 days10 days 3 3 –– 14 days14 days

Mild fluMild flu--like, fever, headache, body aches, nausea, neck like, fever, headache, body aches, nausea, neck 
stiffness, disorientation, inflammation of brain, convulsions, stiffness, disorientation, inflammation of brain, convulsions, 

coma, deathcoma, death

Supportive care Supportive care –– intravenous fluids, breathing assistanceintravenous fluids, breathing assistance
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Mosquitoes Trapped and Tested for Mosquitoes Trapped and Tested for ArbovirusesArboviruses in CT 1997 in CT 1997 -- 20072007
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22Ochlerotatus trivittatusOchlerotatus trivittatus

55Other species (5)Other species (5)

22UranotaeniaUranotaenia sapphirinasapphirina

22Psorophora feroxPsorophora ferox

22Ochlerotatus triseriatusOchlerotatus triseriatus

22Ochlerotatus Ochlerotatus taeniorhynchustaeniorhynchus

22OchlerotatusOchlerotatus sticticussticticus

33OchlerotatusOchlerotatus canadensiscanadensis

44Aedes cinereusAedes cinereus

1111Aedes vexansAedes vexans

3434Culiseta melanuraCuliseta melanura

4848

5353

385385

TOTALTOTAL

Culex salinariusCulex salinarius

Culex restuansCulex restuans

Culex pipiensCulex pipiens

18 SPECIES18 SPECIES

WNV Positive Mosquitoes in Connecticut 1999 WNV Positive Mosquitoes in Connecticut 1999 –– 20072007

Cx. 
salinarius

9%

Cs. 
melanura

6%

Ae. vexans
2% Cx. 

restuans
10%

Minor 
species

4%

Cx. pipiens
69%
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102102Culiseta melanuraCuliseta melanura

44Ochlerotatus cantatorOchlerotatus cantator

88Other species (5)Other species (5)

55Culiseta Culiseta morsitiansmorsitians

33Ochlerotatus sollicitansOchlerotatus sollicitans

44Coquillettidia perturbansCoquillettidia perturbans

44Anopheles punctipennisAnopheles punctipennis

66Ochlerotatus trivittatusOchlerotatus trivittatus

88UranotaeniaUranotaenia sapphirinasapphirina

99Culex salinariusCulex salinarius

1010Culex pipiensCulex pipiens

1010

1111

1818

TOTALTOTAL

Aedes vexansAedes vexans

Aedes cinereusAedes cinereus

OchlerotatusOchlerotatus canadensiscanadensis

18 SPECIES18 SPECIES

EEE Positive Mosquitoes in Connecticut 1996 EEE Positive Mosquitoes in Connecticut 1996 –– 20072007

Ae. cinerus
5%

Minor 
species

17%

Cs. 
melanura

51%

Ur. 
sapphirina

4%

Cx. pipiens
5%

Ae. vexans
5%

Cx. 
salinarius

4%

Oc. 
canadensis

9%
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West Nile Virus in Connecticut 1999 – 2007: Mosquitoes
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West Nile Virus in Connecticut 1999 – 2007: Human Cases
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West Nile Virus in Connecticut 1999 – 2007: Horse Cases
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•• Killed virus product given full license by Killed virus product given full license by 
USDA  (APHIS) February, 2003USDA  (APHIS) February, 2003

•• Available from veterinarians onlyAvailable from veterinarians only

•• Administration: 2 doses 3 to 6 wks. Administration: 2 doses 3 to 6 wks. 
apart in springapart in spring

•• Annual booster recommendedAnnual booster recommended

•• 94% of vaccinated horses protected 94% of vaccinated horses protected 
with 2 doseswith 2 doses

West Nile Virus Horse VaccineWest Nile Virus Horse Vaccine
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EEE Virus in Connecticut 1999 – 2007: Mosquitoes
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EEE Virus in Connecticut : Equine Outbreaks 1938 - 2007
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1 - 5

6 - 10

11 – 15

16 - 20

Agric/Soil/Grass

Forest
Developed/Urban

Deep Water
Wetland

Connecticut Land Use Map and High Risk Areas

WNV
EEE
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Horse case
Human case
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Horse case
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•• To characterize the hostTo characterize the host--feeding patterns of feeding patterns of 
the principal mosquito vectors of WNV in the principal mosquito vectors of WNV in 
ConnecticutConnecticut

•• Evaluate their contribution to enzootic Evaluate their contribution to enzootic 
amplification of these viruses in wild bird amplification of these viruses in wild bird 
populations and epidemic transmission to populations and epidemic transmission to 
mammalian hosts including humansmammalian hosts including humans

•• Identify specific avian and mammalian hostsIdentify specific avian and mammalian hosts

•• Clarify the role of these hosts in the ecology Clarify the role of these hosts in the ecology 
and epizootiology of WNV in the regionand epizootiology of WNV in the region

Mosquito Blood Feeding Studies Mosquito Blood Feeding Studies -- ObjectivesObjectives
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CO2 -baited CDC light trap

Gravid trap

Agric/Soil/Grass

Forest

Developed/Urban

Deep Water

Wetland

80 Mosquito Collection Sites
June – October, 2002-2006

Cx. pipiens
Cx. restuans
Cx. salinarius
Ae. vexans

Cs. melanura

Vegetation
Sweeps
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Materials and MethodsMaterials and Methods

•• All mosquitoes with fresh or visible blood All mosquitoes with fresh or visible blood 
remnants were individually isolated and remnants were individually isolated and 
stored at stored at --8080ooC.C.

•• Abdomens were removed under a dissecting Abdomens were removed under a dissecting 
microscope and DNA was isolated using microscope and DNA was isolated using 
DNADNA--zolzol®®

•• The DNA was amplified by PCR using Avian The DNA was amplified by PCR using Avian 
and Mammalian specific primer pairs to the and Mammalian specific primer pairs to the 
cytochrome b genecytochrome b gene

•• The PCR amplification products were The PCR amplification products were 
sequenced and identified to species by sequenced and identified to species by 
comparison to the comparison to the GenbankGenbank®® sequence data sequence data 
basebase
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Host Feeding Preferences of Mosquito Vectors of WNV in CTHost Feeding Preferences of Mosquito Vectors of WNV in CT
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14.9%14.9%Minor Species (26)Minor Species (26)

2.5%2.5%Wild TurkeyWild Turkey

1.4%1.4%American CrowAmerican Crow

1.8%1.8%Northern CardinalNorthern Cardinal

2.0%2.0%Wood ThrushWood Thrush

2.5%2.5%Common GrackleCommon Grackle

4.1%4.1%European StarlingEuropean Starling

4.7%4.7%ChickadeeChickadee

5.9%5.9%House SparrowHouse Sparrow

6.5%6.5%

6.5%6.5%

47.4%47.4%

% of TOTAL% of TOTAL

Mourning DoveMourning Dove

Grey CatbirdGrey Catbird

American RobinAmerican Robin

27  BIRD SPECIES27  BIRD SPECIES

Avian Blood Meal Sources from Mosquitoes in ConnecticutAvian Blood Meal Sources from Mosquitoes in Connecticut

Mourning Dove
6.5%

House Sparrow
5.9%

Chickadee
4.7%

Grackle
2.5%

Turkey
2.5%Wood Thrush

2.0%

Cardinal
1.8%

Crow
1.4%

Robin
47.4%

Starling
4.1%

Grey Catbird
6.5%

Minor species
14.9%
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American RobinAmerican Robin

•• Short distance migrantShort distance migrant
•• AbundantAbundant
•• 2 broods/year2 broods/year
•• Nest in midNest in mid--canopycanopy

•• Frequently infectedFrequently infected
•• Reservoir competentReservoir competent

–– 4.6 to 8.9 log4.6 to 8.9 log1010PFU/mlPFU/ml
–– ViremiaViremia ~ 4.5 days~ 4.5 days

Implicate this species as an important reservoir hostImplicate this species as an important reservoir host
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Mourning Dove
6.5%

House Sparrow
5.9%

Chickadee
4.7%

Grackle
2.5%

Turkey
2.5%Wood Thrush

2.0%

Cardinal
1.8%

Crow
1.4%

Robin
47.4%

Starling
4.1%

Grey Catbird
6.5%

Minor species
14.9%

27  BIRD SPECIES27  BIRD SPECIES % of TOTAL% of TOTAL

American RobinAmerican Robin 47.4%47.4%

6.5%6.5%

6.5%6.5%

House SparrowHouse Sparrow 5.9%5.9%

ChickadeeChickadee 4.7%4.7%

European StarlingEuropean Starling 4.1%4.1%

Common GrackleCommon Grackle 2.5%2.5%

Wild TurkeyWild Turkey 2.5%2.5%

Minor Species (26)Minor Species (26) 14.9%14.9%

Wood ThrushWood Thrush 2.0%2.0%

Northern CardinalNorthern Cardinal 1.8%1.8%

American Crow 1.4%

Grey CatbirdGrey Catbird

Mourning DoveMourning Dove

Avian Blood Meal Sources from Mosquitoes in ConnecticutAvian Blood Meal Sources from Mosquitoes in Connecticut

??

• Crows likely acquire WNV
through means other than
mosquito bites

• Oral transmission – bird to bird
and/or predation

• Crows are not the primary
amplifying hosts 
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0.4%0.4%Brown RatBrown Rat

0.4%0.4%Stripped SkunkStripped Skunk

1.3%1.3%Grey SquirrelGrey Squirrel

0.4%0.4%Red FoxRed Fox

1.3%1.3%HumanHuman

2.2%2.2%Northern RaccoonNorthern Raccoon

2.6%2.6%DogDog

3.1%3.1%Virginia OpossumVirginia Opossum

3.5%3.5%CatCat

3.9%3.9%

5.3%5.3%

75.4%75.4%

% of TOTAL% of TOTAL

Eastern CottontailEastern Cottontail

HorseHorse

WhiteWhite--tailed Deertailed Deer

12  SPECIES12  SPECIES

Mammalian Blood Meal Sources from Mosquitoes in ConnecticutMammalian Blood Meal Sources from Mosquitoes in Connecticut

Rabbitt
3.9%

Cat
3.5%

Opossum
3.1%

Raccoon
2.2%

Squirrel
1.3%

Human
1.3%

Rat
0.4%

Fox
0.4%

Skunk
0.4%

Horse
5.3%

Dog
2.6%

White-tailed Deer 
75.4%
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WhiteWhite--tailed Deertailed Deer

• Most abundant large
mammal in Connecticut

• Role in transmission of 
West Nile virus unknown

• May divert feeding from
horses and humans
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Human
1.3%

12  SPECIES12  SPECIES % of TOTAL% of TOTAL

WhiteWhite--tailed Deertailed Deer 75.4%75.4%

5.3%5.3%

3.9%3.9%

CatCat 3.5%3.5%

Virginia OpossumVirginia Opossum 3.1%3.1%

DogDog 2.6%2.6%

Northern RaccoonNorthern Raccoon 2.2%2.2%

Grey SquirrelGrey Squirrel 1.3%1.3%

Brown RatBrown Rat 0.4%0.4%

Stripped SkunkStripped Skunk 0.4%0.4%

Human 1.3%

Red FoxRed Fox 0.4%0.4%

HorseHorse

Eastern CottontailEastern Cottontail

Mammalian Blood Meal Sources from Mosquitoes in ConnecticutMammalian Blood Meal Sources from Mosquitoes in Connecticut

• Low rate of feeding
on humans

• May help to explain
limited number of 
human cases (7-8/yr)
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Northeastern US West Nile Virus Transmission CycleNortheastern US West Nile Virus Transmission Cycle

Culex pipiensCulex pipiens
Culex restuansCulex restuans

Culiseta melanuraCuliseta melanura

Wild Passerine Bird Reservoir Wild Passerine Bird Reservoir 
and Amplifying Hostsand Amplifying Hosts

VirusVirus

EnzooticEnzootic
CycleCycle

JuneJune
toto

OctoberOctober

OverwinterOverwinter
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Northeastern US West Nile Virus Transmission CycleNortheastern US West Nile Virus Transmission Cycle

Culex pipiensCulex pipiens
Culex restuansCulex restuans

Culiseta melanuraCuliseta melanura

Wild Passerine Bird Reservoir Wild Passerine Bird Reservoir 
and Amplifying Hostsand Amplifying Hosts

VirusVirus

EnzooticEnzootic
CycleCycle

JuneJune
toto

OctoberOctober
Incidental InfectionsIncidental Infections

Culex salinariusCulex salinarius
Culex pipiensCulex pipiens
Aedes vexansAedes vexans

Epidemic / Epizootic Epidemic / Epizootic 
TransmissionTransmission

August to OctoberAugust to October

OverwinterOverwinter
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•• West Nile virus is now endemic in the US and Canada West Nile virus is now endemic in the US and Canada 
and is expanding into Central and South America.and is expanding into Central and South America.

•• We will continue to see human cases annually with We will continue to see human cases annually with 
occasional epidemics. occasional epidemics. 

•• West Nile virus will continue to be a significant disease West Nile virus will continue to be a significant disease 
factor for the horse industry. factor for the horse industry. 

•• Bird mortality is likely to moderate as immunity builds Bird mortality is likely to moderate as immunity builds 
up in the population.  up in the population.  

Future ExpectationsFuture Expectations
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CAES Mosquito/Arbovirus Research GroupCAES Mosquito/Arbovirus Research Group
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Finan
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CAES Mosquito/Arbovirus Research GroupCAES Mosquito/Arbovirus Research Group
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