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Objectives

 Review endemic mosquito-transmitted diseases in 
West Virginia (La Crosse encephalitis (LAC)).

 Discuss the role of  public health in reducing local 
transmission of  mosquito-borne disease.

 Document the progression of  tick-borne diseases 
(Lyme disease) in West Virginia.

1



Mosquito-borne Disease
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Human cases of  mosquito-borne diseases, West Virginia 2007-2016

No. of No. of No. of No. of No. of No. of No. of No. of No. of No. of
human human human human human human human human human human

Disease cases cases cases cases cases cases cases cases cases cases
(2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016)

La Crosse encephalitis 11 14 14 8 26 14 11 2 4 8
Malaria 1 2 4 3 7 2 2 2 2 1
West Nile encephalitis 0 1 0 0 2 9 1 0 0 1
Zika virus disease NR NR NR NR NR NR NR NR NR 11
Dengue fever 1 1 0 2 0 0 2 1 1 0
Chikungunya NR NR NR NR NR NR NR 2 0 0
Eastern equine encephalitis 0 0 0 0 0 0 0 0 0 0
St. Louis encephalitis 0 0 0 0 0 0 0 0 0 0

NR = Not Reportable



La Crosse Encephalitis
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 LAC is caused by La 
Crosse virus (LACV).

 LACV is transmitted 
to humans through 
the bite of  an 
infected mosquito.

 Most human LAC 
cases occur in the 
upper Midwest, Mid-
Atlantic states, and 
southeastern states.



La Crosse Encephalitis (cont.’d)

 Although many people infected with LACV develop no 
symptoms, severe LACV infection can result in 
encephalitis.

 Severe disease occurs most often in children under 
16 years of  age.
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La Crosse Encephalitis (cont.’d)

 LACV is the most commonly 
encountered California serogroup 
virus in the genus Orthobunyavirus, 
family Bunyaviridae.
 Bunyaviruses are single-stranded 

RNA viruses consisting of  three 
genomic sequences.

 Mosquitoes, biting midges and 
ticks serve as arthropod vectors 
and small mammal, ungulates 
and birds serve as vertebrate 
reservoirs for members of  the 
genus Orthobunyavirus.

 Other California serogroup 
viruses in the United States 
responsible for human disease 
include California encephalitis 
virus, Jamestown Canyon virus, 
and snowshoe hare virus.
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La Crosse Encephalitis (cont.’d)

6https://www.cdc.gov/lac

 Surveillance for LAC in West Virginia occurred 
following the death of  a child with LAC at the 
Charleston Area Medical Center in 1987.



La Crosse Encephalitis (cont.’d)

 Initial Symptoms
 Fever
 Nausea
 Vomiting
 Stiff  neck
 Drowsiness

7

 Severe Symptoms

 Confusion

 Slight mental alteration

 Seizures

 Coma

 Most people infected with LACV have no 
apparent illness.



La Crosse Encephalitis (cont.’d)

8

N=86

* Temperatures
Mean 102.96 Minimum 101
Median  103 Maximum 105

N=86



La Crosse Encephalitis (cont.’d)
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N=86



La Cross Encephalitis (cont.’d)
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N=86



La Crosse Encephalitis (cont.’d)
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**United States Census 2000 data used for incidence calculations
(http://www.census.gov/census2000/states/wv.html)

N=86



La Crosse Encephalitis (cont.’d)
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La Crosse virus neuroinvasive disease cases 
reported by state, 2004-2013.

https://www.cdc.gov/lac

 LACV has traditionally 
been associated with 
forested areas in upper 
Midwest.

 LAC has recently emerged 
in the Appalachian region 
of  the United States.

California serogroup virus neuroinvasive cases (mostly 
La Crosse virus) reported by state, 1964-2010.

California serogroup virus cases from Midwestern (Ohio, 
Wisconsin, Minnesota, Illinois) and Appalachian (West 

Virginia, North Carolina, Tennessee) states in the United 
States, 1964-2010.



La Crosse Encephalitis (cont.’d)

13

LACV neuroinvasive disease average
annual incidence by county, 2004-2013.

https://www.cdc.gov/lac



La Crosse Encephalitis (cont.’d)
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Haddow, A. D. & A. Odoi.  2009.  The incidence risk, clustering, and clinical presentation of La Crosse virus infections 
in the eastern United States, 2003-2007.  PLoS ONE 4 (7):  e6145.  doi:  10.1371/journal.pone.0006145.

Distribution of  unsmoothed and smoothed incidence 
risk of  LACV infection incidence risk in children 15 

years and younger.



La Crosse Encephalitis (cont.’d)
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Haddow, A. D., D. Bixler & A. Odoi.  2011.  The spatial epidemiology and clinical features of reported cases of La Crosse 
Virus infection in West Virginia from 2003 to 2007.  BioMed Central Infectious Diseases 11:  29.

The unsmoothed and smoothed 
cumulative incidence of  LACV infection at 

the county and census tract levels in 
children 15 years and younger.

Spatial clustering of  LACV 
infection risk at the county and 
census tract levels in children 
15 years and younger.



La Crosse Encephalitis (cont.’d)
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 Most LAC human 
cases occur in non-
urban settings 
surrounded by 
hardwood forest.



La Crosse Encephalitis (cont.’d)
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 Artificial and natural containers conducive to LACV 
mosquito development are often found near the 
residence of  LAC human cases.



La Crosse Encephalitis (cont.’d)
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N=86



La Crosse Encephalitis (cont.’d)
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La Crosse Encephalitis (cont.’d)
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N=86



La Crosse Encephalitis (cont.’d)
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 Vectors
 Aedes triseriatus:  Eastern treehole mosquito
 Aedes albopictus:  Asian tiger mosquito
 Aedes japonicus:  Asian bush mosquito

 All three of  these species are 
container breeders (ex. treeholes, 
concrete basins, tires, buckets, 
children wading pools) 



La Crosse Encephalitis (cont.’d)

 All LACV competent vectors 
are widely distributed 
throughout West Virginia.

 LACV has been detected in 
Ae. triseriatus, Ae. albopictus, 
and Ae. japonicus from West 
Virginia.
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La Crosse Encephalitis (cont.’d)
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 Sciurid rodents, especially chipmunks and 
squirrels, serve as vertebrate hosts.

 Transmitted from mother to offspring in eastern 
treehole mosquito.

 Venereal transmission from male mosquitoes to 
female mosquitoes.



Mosquito Control Partners
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 Local health departments 
(LHDs) are involved with 
reducing incidence of  LAC and 
other mosquito-borne diseases.



Mosquito Control Partners (cont.’d)
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 Training LHDs about mosquito 
species identification, mosquito 
biology, and environmental 
assessment around case sites.

 Future pesticide certification 
training events are being planned 
with the West Virginia Department 
of  Agriculture.



Mosquito Control Partners (cont.’d)
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Recommendations

N=86



Mosquito Control Partners (cont.’d)
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92% completeness for environmental investigations for West Virginia

N=86



Mosquito Control Partners (cont.’d)

 West Virginia Department of  Environmental Protection 
Rehabilitation Environmental Action Plan (REAP) Tire 
Collection Events

 Community Cleanup Activities
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Mosquito Control Partners (cont.’d)

 West Virginia Department of  Environmental 
Protection REAP ‘Pollution, Prevention, and Open 
Dump Program’ works to reduce open dump sites in 
West Virginia.
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Mosquito Control Partners (cont.’d)

30http://www.dep.wv.gov/dlr/oer/reap/ppod/Pages/ppod.html



Mosquito Control Partners (cont.’d)

 Litter Control Officers have authority to control 
mosquito breeding sites on private and public land.
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 West Virginia Division of  Natural Resources has 
authority to investigate mosquito breeding sites in 
containers on private property.



Mosquito Control Partners (cont.’d)

According to West Virginia code 16-3-6 (‘Nuisances 
affecting public health’), a public health officer “shall 
inquire into and investigate all nuisances affecting the 
public health within his jurisdiction” and is permitted 
(with judicial approval) to “restrain, prevent or abate the 
nuisance.”
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Environmental Assessment
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Environmental Assessment (cont.’d)
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Environmental Assessment (cont.’d)
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Tick-borne Disease
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Tick-borne diseases by causative organism(s) and 
presence of  tick vectors in West Virginia

Tick-borne Disease Pathogen(s) Tick Vector(s) Present in WV
Tularemia Franciscella tularensis American dog tick (Dermacentor variabilis )

Lone star tick (Amblyomma americanum )
Anaplasmosis Anaplasma phagocytophilum Blacklegged tick (Ixodes scapularis )
Ehrlichiosis Ehrlichia chaffeensis Lone star tick (Amblyomma americanum )

Ehrlichia ewingii Gulf Coast tick (Amblyomma maculatum )
Panola Mountain Ehrlichia sp. Blacklegged tick (Ixodes scapularis )
Ehrlichia muris -like agent

Lyme disease Borrelia burgdorferi Blacklegged tick (Ixodes scapularis )
Borrelia mayonii

Relapsing fever* Borrelia miyamotoi Blacklegged tick (Ixodes scapularis )
Powassan encephalitis* Powassan virus Groundhog tick (Ixodes cookei )

Blacklegged tick (Ixodes scapularis )
Babesiosis* Babesia microti Blacklegged tick (Ixodes scapularis )
Rocky Mountain spotted Rickettsia rickettsii American dog tick (Dermacentor variabilis )
fever and other spotted (and other spotted Brown dog tick (Rhipicephalus sanguineus )
fever rickettsioses fever group Rickettsia ) Lone star tick (Amblyomma americanum )

*This tick-borne disease has not been reported in West Virginia.



Tick-borne Disease (cont.’d)
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Summary of  four tick-borne diseases reported in West 
Virginia 2000-2010

Total Annual Annual Annual Standard Cumulative

Disease Name Cases Range Mean Median Deviation Incidence per

Reported 100,000

Tularemia 2 0-1 0.2 0 0.4 0.01

Ehrlichiosis 8 0-3 0.7 0 1.1 0.04

Rocky Mountain spotted fever 49 0-10 4.5 4 3.2 0.25

Lyme disease 772 17-201 70.2 39 58.1 3.88



Tick-borne Disease (cont.’d)

38



Tick-borne Disease (cont.’d)
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Tickborne Diseasea # Confirmed or Probable 
Cases (2016) (as of January 9, 2017)

Ehrlichiosis 6
Lyme disease 354

Spotted fever group rickettsiosesb 14
Q fever 1
TOTAL 375

aTable includes only confirmed or probable cases that have been reviewed and closed by Zoonotic Disease Epidemiologist. 
bIncludes Rocky Mountain spotted fever 
 



Lyme Disease
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Active Tick Surveillance
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 In collaboration with the National Park 
Service and the United States Army 
Institute of  Public Health Command, 
the West Virginia Department of  
Health & Human Resources began an 
active tick surveillance program for 
Ixodes scapularis at Harper’s Ferry 
National Historic Park (Jefferson 
County) and New River Gorge National 
Park (Fayette, Raleigh, and Summers 
counties) from September 14, 2011 
through May 25, 2012.

 Regular, weekly tick drags in Kanawha 
County starting in May 6, 2014.

 Sporadic tick drags to search for 
Ixodes scapularis populations infected 
with Borrelia burgdorferi.



West Virginia Veterinary Tick Submission Project
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 Since 2013, West Virginia veterinarians who participated in the 
West Virginia Veterinary Tick Submission Project (WVVTSP) sent 
ticks collected from animals seen at their practices to the state 
public health entomologist.

 A new interactive map shows the tick species collected from 
WVVTSP participating veterinary clinics.

http://www.dhhr.wv.gov/oeps/zoonosis/tick/pages/wv-veterinary-tick-submission-project.aspx



West Virginia Veterinary Tick Submission Project (cont.’d)
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Summary of veterinary tick submissions for the current reporting period in West Virginia.
1Vector of tularemia and Rocky Mountain spotted fever 2Vector of ehrlichiosis, tularemia, STARI, and spotted fever rickettsioses
3Vector of Lyme disease, anaplasmosis, babesiosis, and Powassan encephalitis 4Vector of Powassan encephalitis
5Vector of tularemia in rabbits 6Vector of spotted fever rickettsioses



Deer Ectoparasite Study
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 West Virginia Division of  
Natural Resources biologists 
examined 30 white-tailed 
deer at each of  the 20 
official game checking 
stations.

 Biologists collected 
representative sample of  all 
external parasites.

 Human pathogen testing 
conducted by Cornell 
University’s Animal Health 
Diagnostic Laboratory.



Deer Ectoparasite Study (cont.’d)
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Deer Ectoparasite Study (cont.’d)
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 282 Ixodes scapularis from white-tailed deer in 2013
 120 Ixodes scapularis from white-tailed deer in 2014



Tick Species Distribution in West Virginia
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 A new interactive map function shows the county-
scale distribution of  tick species from West Virginia.

http://www.dhhr.wv.gov/oeps/disease/zoonosis/tick/pages/default.aspx



Lyme Disease Geographic Distribution

48https://www.cdc.gov/lyme/stats/maps.html 



Lyme Disease Vector Geographic Distribution
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Lyme disease vector distribution 1907-1998

 Ixodes scapularis reported (blue) or established (red) in county
 Ixodes pacificus reported  (yellow) or established (green) in county

Dennis, D. T., T. S. Nekomoto, J. C. Victor, W. S. Paul & J. Piesman.  1998.  Reported distribution of Ixodes scapularis and 
Ixodes pacificus (Acari:  Ixodidae) in the United States.  Journal of Medical Entomology 35 (5):  629-638.



Lyme Disease Geographic Distribution

50https://www.cdc.gov/lyme/stats/maps.html 



Lyme Disease Vector Geographic Distribution
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 Ixodes scapularis reported (blue) or established (red) in county
 Ixodes pacificus reported  (yellow) or established (green) in county

Lyme disease vector distribution 1907-2015

Eisen, R. J., L. Eisen & C. B. Beard.  2016.  County-scale distribution of Ixodes scapularis and Ixodes pacificus (Acari:  Ixodidae) 
in the continental United States.  Journal of Medical Entomology 53 (2):  349-386. 



Lyme Disease Vector Geographic Distribution
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 Update to Eisen et al. (2016) to include data collected 
from August 25 through December 30, 2015.

Eisen, R. J., L. Eisen & C. B. Beard.  2016.  County-scale distribution of Ixodes scapularis and Ixodes pacificus (Acari:  Ixodidae) 
in the continental United States.  Journal of Medical Entomology 53 (2):  349-386. 



Summary

 LAC is the major mosquito-borne disease in West 
Virginia.

 Human incidence of  LAC can be reduced through 
personal mosquito bite prevention and environmental 
management.

 Lyme disease is the most prevalent tick-transmitted 
disease in West Virginia.

 Human cases of  Lyme disease have been recently 
increasing. 

 West Virginia has recently been designated a ‘high’ 
incidence state for Lyme disease.
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Contact
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Eric J. Dotseth
State Public Health Entomologist
West Virginia Department of  Health & Human Resources
Bureau for Public Health
Office of  Epidemiology & Prevention Services
350 Capitol Street, Rm 125, Charleston, WV 25301
Phone:  (304) 558-5358 ext. 1
Fax:  (304) 558-6335
Email:  Eric.J.Dotseth@wv.gov
Website:  http://www.dhhr.wv.gov/oeps/disease
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