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Abstract

During fall 2010 21 moose (Alces americanus) sera collected in Northeastern Vermont were 

screened for eastern equine encephalitis virus (EEEV) antibodies using plaque reduction 

neutralization. Six (29%) were antibody positive. This is the first evidence of EEEV activity in 

Vermont, and the second report of EEEV antibodies in moose.

Serologic evidence suggests that moose (Alces americanus Linnaeus) are exposed to a wide 

variety of arboviruses endemic to North America (e.g., Trainer and Jochim 1969; Zarnke et 

al., 1983). However, only one study (Carstensen et al., 2007) has reported evidence that 

moose are infected by eastern equine encephalitis virus (EEEV). Although EEEV has been 

isolated or detected in all surrounding states and provinces (Morris 1988; Armstrong et al., 

2008), EEEV activity has not been detected in Vermont (VT).

In 2009, we demonstrated that screening serum of free-ranging white-tailed deer 

(Odocoileus virginianus) was a sensitive method for detecting EEEV activity and that 

serosurveys of deer could be used as a tool to map EEEV activity (Mutebi et al., 2011). The 

VT Department of Health, the VT Agency of Agriculture, Food and Markets and the US 

Centers for Disease Control and Prevention (CDC) conducted serosurveys of VT white-

tailed deer 6 October to 14 November 2010 and collected 489 serum samples (Berl et al., 

unpubl. data). Additionally, in northeastern VT, during these serosurveys, blood samples 

were collected from 21 harvested moose carcasses. Our objective was to screen the moose 

sera for EEEV antibodies.

On 16 October 2010, moose blood samples were collected from moose carcasses brought for 

harvest registration in Essex, Lamoille, Caledonia, and Orleans Counties (Fig. 1, Table 1). 

Blood samples were collected from pools in body cavities using disposable plastic pipettes. 
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The samples were collected into 7.5 ml vacutainer tubes, stored on ice for 24–48 hr, and 

centrifuged (Beckman AccuSpin FR, Beckman Coulter, Inc., Brea, California, USA) at 80 × 

g for 15 min. to separate the serum at the VT Agency of Agriculture Laboratory. Sera were 

frozen at −20 C and shipped on dry ice to the CDC laboratories in Fort Collins, Colorado for 

antibody screening.

Serum samples diluted 1:10 were screened for EEEV-neutralizing antibodies by plaque-

reduction neutralization tests (PRNT; Beaty et al., 1995). Positive samples were retested and 

titrated in duplicate for confirmation. Serum samples were considered positive for EEEV 

antibodies if they neutralized 80% of a challenge dose of ≈100 plaque-forming units of 

EEE-Sindbis chimeric virus (Wang et al., 2007). To ensure that neutralization was specific to 

EEEV and not resulting from antibody cross-reactivity, samples with low neutralizing titers 

were screened for Highlands J virus antibodies. The Highlands J virus strain used for these 

PRNT was MW8–5AD, which was isolated from a mosquito pool in Maryland in 1968, 

obtained from the CDC virus Bank in Fort Collins.

Twenty-one moose serum samples were collected from four counties in northeastern VT; 17 

samples (81%) were from Essex County, 1 (5%) was from Lamoille County, 1 (5%) was 

from Caledonia County, and 2 (10%) were from Orleans County (Fig. 1). Six (29%) samples 

were positive for EEEV antibodies (Table 1). Two of the positive animals were calves 

suggesting recent infections (Table 1). In Essex County, 5 of the 17 (28%; Table 1) moose 

sera had EEEV antibodies and were collected in different townships (Table 1, Fig. 1). 

Sample sizes from the other counties were too small for robust estimates of EEEV activity, 

but the single moose sample collected from Lamoille County was EEEV antibody-positive 

(Table 1).

The percentage of moose with serologic evidence of EEEV infection in VT (29%) is among 

the highest reported for wild ungulate populations (range 0.5–31%; Bigler et al., 1975; Hoff 

et al., 1973; Tate et al., 2005; Mutebi et al., 2011). Recently, (Lubelcyck et al., unpubl. data) 

detected EEEV antibodies in moose in northern Maine suggesting that moose are widely 

exposed to EEEV in northern New England. Carstensen et al. (2007) reported 4% EEEV 

antibody-positive moose sera in northwestern Minnesota suggesting that moose are exposed 

to EEEV in the northern Midwestern US. Moose commonly graze on hydrophytes in 

wooded wetlands, marshes, and swamps, which are breeding sites for the EEEV enzootic 

mosquito vector Culiseta (Climacura) melanura (Coquillett) and the bridge vectors 

Coquillettidia (Coquillettidia) perturbans (Walker), Aedes (Ochlerotatus) canadensis 
(Theobald), Aedes (Ochlerotatus) sollicitans (Walker), which may increase the chances of 

exposure to EEEV. Blood meal analysis has not detected moose DNA in engorged field-

collected Cs. melanura (Molaei et al., 2006), but studies have not been conducted in areas 

with large moose populations such as northern New England.

Moose have home ranges of usually 20–30 km2 (Leptich and Gilbert 1989; Morris 1999; 

Van Dyke et al., 1995); therefore, the presence of EEEV antibodies in moose populations 

suggests localized EEEV transmission and that EEEV is endemic in VT. Additionally, the 

white-tailed deer serosurveys conducted in 2010, Berl et al. (unpubl.) detected EEEV 

antibodies in free-ranging deer from large areas of the state suggesting widespread EEEV 
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activity in VT. The outbreak of EEEV on an emu (Dromaius novaehollandiae) farm in 

Rutland County, VT, in September 2011 (Berl et al. unpubl.) provides additional 

documentation of EEEV activity in VT.
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College and Paul Smiths College and staff from the VT Department of Health; the VT 

Agency of Agriculture, Food and Markets; the VT Department of Forest, Parks and 

Recreation; the VT Center for Ecostudies and the United States Department of Agriculture, 
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LITERATURE CITED

Armstrong PM, Andreadis TG, Anderson JF, Stull JW and Mores CN. 2008 Tracking eastern equine 
encephalitis virus perpetuation in the northeastern United States by phylogenetic analysis. American 
Journal for Tropical Medicine and Hygiene 79: 291–296.

Beaty BJ, Calisher CH and Shope RE. 1995 Arboviruses In Diagnostic procedures for viral, rickettsial 
and chlamydial infections, 7th Edition. Lennette EH, Lennette R. DA and Lennette ET (eds.). 
American Public Health Association, Washington, DC, pp. 169–188.

Bigler WJ, Lassing EB, Lewis AL and Hoff GL. 1975 Arbovirus surveillance in disease Florida: Wild 
vertebrate studies 1965–1974. Journal of Wildlife Diseases 11: 348–356. [PubMed: 1152173] 

Carstensen M, Butler E, Pauly D, Lenarz M, Schrage M and Cornicelli L. 2007 Preliminary results 
from the 2007 hunter harvested moose health assessment project. http://www.nrri.umn.edu/moose/
download/MSLMooseResearchSummary2007.pdf. Accessed February, 2012.

Hoff GL, Issel CJ, Trainer DO and Richards SH. 1973 Arbovirus serology in North Dakota mule and 
white-tailed deer. Journal of Wildlife Diseases 9: 291–295. [PubMed: 4361503] 

Leptich DJ and Gilbert JR. 1989 Summer home range and habitat use by moose in northern Maine. 
Journal of Wildlife Management 53: 880–885.

Molaei G, Andreadis TG, Armstrong PM and Diuk-Wasser M. 2008 Host-feeding patterns of potential 
mosquito vectors in Connecticut, USA: Molecular analysis of bloodmeals from 23 species of Aedes, 
Anopheles, Culex, Coquillettidia, Psorophora, and Uranotaenia. Journal of Medical Entomology 45: 
1143–1151. [PubMed: 19058640] 

Morris CD 1988 Eastern equine encephalomyelitis In The Arboviruses: Epidemiology and ecology, 
Monath TP (ed.). CRC Press Boca Raton, Florida, pp. 1–20.

Morris KI 2007 Moose assessment. Revised/updated June 2007 Maine Department of Inland Fisheries 
and Wildlife, 6 1999, pp. 1–98.

Mutebi JP, Lubelczyk C, Eisen R, Panella N, Macmillan K, Godsey M, Swope B, Young R. P. Smith, 
Kantar L, Robinson S and Sears S. 2011 Vector Borne and Zoonotic Diseases 11: 1403–1409. 
[PubMed: 21736489] 

Tate CM, Howerth EW, Stallknecht DE, Allison AB, Fischer JR and Mead DG. 2005 Eastern equine 
encephalitis in a free-ranging white-tailed deer (Odocoileus virginianus). Journal of Wildlife 
Diseases 41: 241–245. [PubMed: 15827230] 

Trainer DO and Jochim MM. 1969 Serologic evidence of bluetongue in wild ruminants of North 
America. American Journal of Veterinary Research 39: 2008–2011.

Van Dyke F, Probert BL and Van Beek GM. 1995 Moose home range fidelity and core area 
characteristics in south-central Montana. Alces 31: 93–104.

Wang E, Petrakova O, Adams AP, Aguilar P, Kang W, Paessler S, Volk SM, Frolov I and Weaver SC. 
2007 Chimeric sindbis/eastern equine encephalitis vaccine candidates are highly attenuated and 
immunogenic in mice. Vaccine 25: 7573–7581. [PubMed: 17904699] 

Mutebi et al. Page 3

J Wildl Dis. Author manuscript; available in PMC 2020 April 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.nrri.umn.edu/moose/download/MSLMooseResearchSummary2007.pdf
http://www.nrri.umn.edu/moose/download/MSLMooseResearchSummary2007.pdf


Zarnke RL, Calisher CH and Kerschner J-A. 1983 Serologic evidence of arbovirus infections in 
humans and wild animals in Alaska. Journal of Wildlife Diseases 19: 175–179. [PubMed: 
6644915] 

Mutebi et al. Page 4

J Wildl Dis. Author manuscript; available in PMC 2020 April 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Distribution of eastern equine encephalitis virus antibody-positive and antibody-negative 

moose (Alces americanus) collected in Vermont, USA, 2010.

Mutebi et al. Page 5

J Wildl Dis. Author manuscript; available in PMC 2020 April 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mutebi et al. Page 6

Table 1.

Plaque reduction neutralization test (PRNT) results of eastern equine encephalitis virus antibodies for 21 

positive moose (Alces americanus) sera collected in Vermont, USA, 2010. The six positive sera are 

highlighted in bold print.

Moose no. Township County Sex
a

Weight (kg)
b Age (yr) Serum PRNT80

1 Newark Caledonia F 305.7 7 <10

2 Averill Essex F 249.5 5 <10

3 Averill Essex M 329.3 4 <10

4 Lewis Essex M 360.2 8 <10

5 Averill Essex M 122.9 <1 80

6 Avery’s Essex F 181.9 1 <10

7 Bloomfield Essex M 284.4 3 20

8 Brighton Essex M 372.9 7 <10

9 Brighton Essex F 174.6 1 <10

10 Brighton Essex M 254.9 2 <10

11 Brighton Essex M 286.2 2 20

12 East Haven Essex M 193.7 1 <10

13 Ferdinand Essex M 199.1 1 <10

14 Ferdinand Essex F 172.8 3 <10

15 Lemington Essex M 288.9 4 640

16 Lemington Essex F 136.5 4 <10

17 Brunswik Essex M 324.3 6 <10

18 Victory Essex M 290.8 3 ≥2560

19 Eden Lamoille F 97.52 <1 160

20 Westmore Orleans M 236.8 1 <10

21 Morgan Orleans M 260.8 2 <10

a
M = male, F = female.

b
dressed weight.
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