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Abstract. Sera from white-tailed deer (WTD, Odocoileus virginianus) hunter-harvested throughout New York State
(NYS), 2007–2015, were tested by plaque reduction neutralization for antibodies against nine mosquito-borne viruses
from the families Peribunyaviridae, Flaviviridae, and Togaviridae. Overall, 76.1% (373/490) of sampled WTD were sero-
positive against at least one virus, and 38.8% were exposed to multiple viruses. The seropositivity rate in adult WTD
(78.0%) was significantly greater (P < 0.0001) than that in fawns (47.7%). Neutralizing antibodies against California
serogroup viruses were most common in WTD sampled across all regions (67.1%), followed by the Bunyamwera
serogroup (BUN) (37.6%). JamestownCanyon and Cache Valley orthobunyaviruses were responsible for most California
and BUN infections, respectively. Seroprevalence rates to West Nile virus were higher in samples originating from Long
Island (LI) (19.0%) than in those originating from the central (7.3%), western (5.0%), and Hudson Valley (4.4%) regions of
NYS. Antibodies to Eastern equine encephalitis virus were seen primarily in WTD from central NYS (5.1%), where annual
enzootic activity occurs, but low rates were documented in western NYS (1.4%) and LI (1.7%). Low rates of Potosi and
LaCrosse orthobunyavirus, andHighlands J virus antibodieswere detected over the course of this investigation. St. Louis
encephalitis virus (or a closely related virus) antibodieswere detected in samples collected fromcentral andwesternNYS,
suggesting local virus transmission despite a lack of evidence from routine mosquito surveillance. Serologic results
demonstrate the value ofWTD in NYS as an indicator of arbovirus distribution and recent transmission on a relatively fine
spatial scale.

INTRODUCTION

Serosurveys of white-tailed deer (WTD, Odocoileus virgin-
ianus) and other cervids have been used to detect enzootic
transmission of arthropod-borne viruses (arboviruses) across
the United States.1–7 White-tailed deer are a useful sentinel
species to monitor arbovirus activity, because they have lim-
ited home ranges8; are fed upon frequently by hematopha-
gous arthropods (ticks, mosquitoes, and midges) capable of
transmitting a number of bacterial and viral pathogens9,10; and
can be readily sampled in large numbers during hunting
seasons.
Certain alphaviruses (Togaviridae), flaviviruses (Flavivir-

idae), and orthobunyaviruses (Peribunyaviridae) distributed
throughout the United States are known to infect deer at
varying rates, having been isolated from euthanized cervids
with neurologic symptoms and animals found moribund, as
illustrated herein. West Nile virus (WNV), a Flavivirus, and
Eastern equine encephalitis virus (EEEV), an Alphavirus, have
been isolated from deer and moose in several states.11–13

Recently, these viruses have been the source of continual
epidemic/epizootic activity in New York State (NYS) since
199914 and 2003,15 respectively. Cache Valley orthobunya-
virus (CVV), aBunyamwera serogroup (BUN) orthobunyavirus,
is a suspected human pathogen,16,17 and an important etio-
logic agent of livestock, causing spontaneous abortions and
malformations in sheep and cattle.18 Cache Valley orthobu-
nyavirus isolates have been documented from horses and

from a dying caribou in the midwestern United States,19,20

and,more recently, CVV has been detected from a euthanized
horse (NYS Department of Health [NYSDOH], unpublished
data) and two humans in western NYS (WNY).21,22 Deer are
routinely exposed to several other mosquito-borne viruses
capable of causing disease in humans including St. Louis
encephalitis virus (SLEV),23–25 and Jamestown Canyon (JCV)
and LaCrosse orthobunyaviruses (LACV).5,23–31

The NYSDOHmaintains an active arthropod-borne disease
surveillance system originally established in the 1970s. Be-
cause of limitations in spatial coverage of mosquito surveil-
lance and system design targeting certain viruses in particular
areas (i.e., EEEV in central NYS [CNY], and WNV in WNY and
New York City metropolitan area including Long Island [LI]),
the current distribution ofmosquito-borne viruses acrossNYS
is not defined and is the impetus for this study. Field investi-
gations involving vertebrate serosurveys have not been con-
ducted in NYS since the 1970s,32–39 with the exception of
comprehensive avian surveys for EEEV in CNY and WNV in
and aroundNewYork City and Albany.40–43Mammals had not
been sampled as part of arbovirus surveillance in NYS for at
least 25 years before the incursion ofWNV. Therefore, we took
advantage of the annual hunting seasons of WTD in NYS to
document arbovirus exposure in a large mammalian species
common in all parts of the state.

MATERIALS AND METHODS

Sample collection. Deer sampling was conducted at a
surveillance site for chronic wasting disease in Rome located
in CNY, 2007–2009. We also sampled at privately operated
venison processors in the Hudson Valley (HV) region and
WNY, 2011–2013, and deer culls on LI in 2015. Blood samples
were collected from each deer using a 5cc or 10cc 20-gauge
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syringe barrel to extract blood pooled in the abdominal or
chest cavity of field-dressed deer. At the mandatory check
station in CNY, NYS Department of Environmental Conser-
vation personnel severed the head of each deer below the jaw
line, providing a source of blood. The sample was transferred
from the needleless syringe barrel to a 1.5-mL pre-labeled
polypropylene skirtedandexternally threadedscrew-cap tube
with O-ring seal (USA Scientific, Ocala, FL). Tubes of blood
were held in racks on ice until centrifuged. Within 24 hours of
collection, blood samples were centrifuged for 5 minutes at
3,200 revolutions per minute to separate blood into clot and
serum. Sera were transferred to sterile pre-labeled cryogenic
2 mL Nalgene screw-cap tubes and stored at −80�C. Abnor-
mally appearing blood samples (i.e., obvious contamination,
diluted samples from rinsing of body cavities) were excluded
from analyses.
Recorded data included the date/time of blood collection,

date/time of deer kill (determined by hunter interview at the
time of sample collection), and county/town of kill. Sex was
determined for all sampled deer. Deer age was assessed for
some samples based on the extent of tooth eruption andwear
estimates. Deer aged 1 year or younger were classified as
fawns, and those older than 1 year were classified as adults.
Serology. Deer sera were tested by plaque reduction neu-

tralization tests (PRNTs). Samples were diluted in BA-1 {M199
mediumwith Hank’s salts, 1%bovine albumin, TRIS base (tris
[hydroxymethyl] aminomethane), sodium bicarbonate, 2%
fetal bovine serum, and antibiotics} and heat-inactivated at
56�C for 30 minutes. Sera were screened at a 1:10 dilution
against EEEV, CVV, JCV, SLEV, and WNV. Sera that neutral-
ized 50% (PRNT50) of the virus, as compared with the virus
control well (no antibody), were then serially diluted 2-fold.
Cross neutralizations were performed against related viruses
of the same family, that is, EEEV and Highlands J virus (HJV),
JCVandLACV,CVVandPotosi orthobunyavirus (POTV),WNV
andSLEV.44,45 In addition, 10–20deer samples fromeachyear
that had screened positive against a California serogroup
(CAL) virus were randomly selected and screened against
trivittatus orthobunyavirus (TVTV). Endpoint titers are
expressed as the reciprocal of the dilution of serum that
inhibited 90% (PRNT90) of the test virus inoculum. Plaque
reduction neutralization tests 90 cutoffs were used to assure
themost conservative interpretation of results. Antibody titers
that were less than 1:20 were considered negative. Titers of 1:
20 were considered equivocal and classified as exposure to
virus serogroup or a virus order, that is, CAL, BUN, FLAVI
(Flavivirus), or ALPHA (Alphavirus). Antibody titers greater than
or equal to 1:40 were considered positive and specific.

Eastern equine encephalitis virus, HJV, JCV, LACV, and WNV
strains used for the PRNTs were isolated in NYS.42,46–49

Trivittatus orthobunyavirus andPOTVwere originally provided
by the CDC.47,50,51 Cache Valley orthobunyavirus was pro-
vided by the National Institute of Allergy and Infectious
Diseases.36,52 St. Louis encephalitis virus (Parton) was origi-
nally obtained from the Rockefeller Foundation Virus Labo-
ratories (Table 1).35,53

Statistical analysis. The proportions of seropositive deer
by geographic region and age-group were compared using
the chi-squared test of independence (α = 0.05) or, when
noted, the Fisher’s exact test (α = 0.05), whenever expected
cell values were £ 5. The Holm–Bonferroni adjustment was
used to correct all P-values for multiple comparisons.

RESULTS

Overall, 490 WTD sera were tested for the presence of
arboviral antibodies (Figure 1A, Table 2). Exposure to at least
one mosquito-borne virus was noted in 76.1% (373/490) of
sampled deer. Across regions, arbovirus seropositivity rates
were 84.3% (CNY), 77.0% (HV), 73.8% (WNY), and 55.2% (LI).
Overall, arbovirus seropositivity was significantly less com-
mon (χ2 = 14.61, P = 0.0020) on LI than in the other three
regions. Among deer that were aged, the rate of seropositivity
was significantly higher (χ2 = 22.97, P < 0.0001) in adults
(78.0%, 224/287) than in fawns (47.7%, 31/65). The sero-
positivity rate among adult deer was highest in CNY (84.1%,
74/88), followed by WNY (80.6%, 100/124), HV (72.5%, 29/
40), and LI (60.0%, 21/35). The overall seropositivity rate
among adult deer was not significantly different (χ2 = 6.43, P =
0.1012) in LI compared with the overall rate of the other three
regions.
Alphavirus.Overall seropositivity to analphavirus across all

regions sampled was 2.9% (Table 3). The rate of alphavirus
seropositivity did not differ significantly (Fisher’s exact test,
P = 1.0) between adult WTD (3.5%, 10/287) and fawns (1.5%,
1/65). Alphavirus seropositivity rate was highest in the CNY
region, but was not significantly different from the rest of NYS
(χ2 = 3.71, P = 0.3253). Of 14 seropositive deer, nine were
harvested in CNY, three inWNY, and one each fromHV and LI
regions. Twelve deer were EEEV seropositive, and two deer
were classified as nonspecific ALPHA positives. One of the
ALPHA-positive deer had an EEEV antibody titer of 1:20 and
HJV < 1:20. The other ALPHA-positive deer had anHJV titer of
1:20 and EEEV < 1:20. In CNY, EEEV seropositivity was 6.8%
in 2007 and 5.3% in 2009. Eastern equine encephalitis virus
seropositivity was not detected in 28 hunter-harvested deer in

TABLE 1
Strain information for viruses used in plaque reduction neutralization test

Virus Strain Source

Eastern equine encephalitis 69-7836 Pheasant, Orange Co., NY, 1969
Highlands J 78-33495 Culiseta melanura, Suffolk Co., NY, 1978
Jamestown Canyon 78-30641 Source unknown, NY
LaCrosse 74-32813 Aedes triseriatus, Albany Co., NY, 1974
Trivittatus Prototype Aedes trivittatus, Bismarck, ND, 1948
Cache valley Prototype Culiseta inornata, Cache valley, UT, 1956
Potosi 89-3380 Aedes albopictus, Potosi, MO, 1989
St. Louis encephalitis Parton Human. St. Louis, MO, 1933
West Nile 3100365 Culex pipiens/restuans, Richmond Co.,

NY, 2000
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CNY in 2008. In WNY, one EEEV seropositive deer each was
harvested in 2011 and 2013. One deer sampled in 2012 was
ALPHA positive. In the HV region, one of 113 deer tested was
seropositive to an alphavirus. This deer was harvested in
Columbia County in 2012, and it was reactive against EEEV
only at a low titer (1:20), so it was conservatively classified as
ALPHA. Of the 58 deer tested from LI, one was positive for
EEEV antibodies.
Flavivirus.Mosquito-borne flavivirus reactivity in WTD was

14.1% across all regions and years (Table 4). Flavivirus sero-
positivity was most common in LI, where the rate (25.9%)
was significantly greater than that in WNY (7.8%) (χ2 = 10.27,
P = 0.0163) and the HV region (5.3%) (χ2 = 13.18, P = 0.0037).
No significant difference (χ2 = 0.39, P = 1.0) was ob-
served between seropositivity rates in LI and CNY (20.8%).
For all samples tested, WNV was responsible for 36 sero-
reactors and SLEV for six, whereas 27 were classified as
nonspecific FLAVI positive. Seroprevalence rates to WNV
were higher on LI (19.0%) than in CNY (7.3%),WNY (5.0%), or
HV (4.4%).
In the CNY region, overall flavivirus rates were 17.8%,

14.3%, and 26.7% for 2007, 2008, and 2009, respectively.
Thirteen of 37 seropositive deer across all years were reactive
to WNV, three to SLEV, and 21 deer were FLAVI reactive. One

and two SLEV reactive deer were harvested during the 2007
and 2009 hunting seasons, respectively.
In theWNY region, flavivirus reactivity was 0%, 16.0%, and

5.9% in deer harvested in 2011, 2012, and 2013, respectively.
WestNile virus-specific rateswere 0%, 10.0%, and 3.9%; and
SLEV specific rates were 0%, 4.0%, and 2.0% in 2011, 2012,
and 2013, respectively. One FLAVI-classified deer was de-
tected in 2012. Two SLEV seropositive deer were harvested in
2012, and one was harvested in 2013.
Flavivirus seropositive rates were lowest in the HV region.

Oneof 10 (10.0%) sampleddeerwasWNVantibodypositive in
2011. Three (8.3%) WNV seropositive and one (2.8%) FLAVI
positive deer were detected from 36 tested in 2012. In 2013,
one of 67 deer sampled was WNV antibody positive.
Long Island had the highest rate of flavivirus seropositivity,

with 11 deer (19.0%) testing positive for WNV antibodies, and
four were classified as FLAVI positive (6.9%). The rate of fla-
vivirus seropositivity was not significantly different (χ2 = 4.74,
P = 0.2062) between fawns (43.5%, 10/23) and adults (14.3%,
5/35) on LI.
Orthobunyavirus. California serogroup. Overall, 66.9% of

all deer sampled were antibody positive to at least one CAL
orthobunyavirus (Table 5). California serogroup seropositivity
was significantly more common (χ2 = 30.11, P < 0.0001)

FIGURE 1. Arbovirus testing results by New York State region. (A) Number of bloods tested by region, (B) California serogroup (CAL) orthobu-
nyaviruses, and (C) Bunyamwera serogroup orthobunyaviruses.
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among adult WTD (69.7%, 200/287) than among fawns
(32.3%, 21/65). Seropositivity rates were highest in CNY at
80.0%, followedbyWNY (68.1%), HV (66.4%), and LI (25.9%),
respectively (Figure 1B). The CAL seropositivity rate was sig-
nificantly lower on LI among adults (χ2 = 18.27,P = 0.0003) but
not fawns (χ2 = 7.48, P = 0.0624) when compared with overall
rates in the other three regions. Jamestown Canyon virus
accounted for the majority of CAL seropositive deer (81.7%,
268/328). Jamestown Canyon virus seropositivity was most
common in CNY, where the rate (71.3%) was significantly
greater than that in WNY (50.4%) (χ2 = 13.85, P = 0.0028), HV
(52.2%) (χ2 = 10.16,P=0.0163), andLI (19.0%) (χ2 = 47.30,P<
0.0001). Specific neutralizing antibodies against TVTV were
not detected in any of the screened samples.
In CNY, CAL seroprevalence rates varied from year to year

butweregreater than75.0% in all years. In 2007, exposure to a
CAL virus was 80.8%. The following year, 85.7% of harvested

deer were seropositive, and in 2009, the rate was 77.3%.
JamestownCanyonviruswas thesourceof infection for 127of
143 CAL virus-infected CNY deer. Fourteen deer were clas-
sified as nonspecific CAL positive, and two deer were sero-
positive against LACV, both harvested in 2009.
California serogroup virus seroprevalence in WNY was

82.1%, 60.0%, and 64.7% during 2011, 2012, and 2013, re-
spectively. Jamestown Canyon virus accounted for 71 of the
96 seropositive deer. LaCrosse orthobunyaviruses was re-
sponsible for one infection in 2011. Twenty-four deer were
classified as CAL positive.
In the HV region, seroprevalence of CAL antibodies was

variable; 60.0%, 50.0%, 74.6% across the 3 years sampled,
2011–2013. Similar to the other regions, JCV antibodies pre-
dominated. LaCrosse orthobunyaviruses antibody positive
deer were not observed, although 15 of 74 seropositive deer
were classified as CAL positive.

TABLE 2
Sampling information of hunter-harvested white-tailed deer

Region* Sex

Age

TotalFawn (£ 1 year old) Adult (> 1 year old) Not assessed

CNY (2007–2009)† Male 20 55 51 126
Female 6 31 13 50
Total 26 88 64 178§

WNY (2011–2013)‡ Male 10 92 1 103
Female 5 32 1 38
Total 15 124 2 141

HV (2011–2013) Male 0 36 58 94
Female 1 4 14 19
Total 1 40 72 113

LI (2015) Male 13 1 0 14
Female 10 34 0 44
Total 23 35 0 58

State Male 43 184 110 337
Female 22 101 28 151
Total 65 287 138 490

*CNY = Central New York; HV = Hudson Valley; LI = Long Island; WNY = Western New York.
† Includes two deer, one each harvested in 2011 and 2013.
‡ Includes one deer harvested in 2009.
§ Sex was not noted for two deer.

TABLE 3
Alphavirus testing results

Region* Year Number of samples tested

Number of positive samples (%)

EEEV HJV ALPHA Total

CNY 2007 73 5 (6.8) 0 0 5 (6.8)
2008 28 0 0 0 0
2009 75 4 (5.3) 0 0 4 (5.3)
2011 1 0 0 0 0
2013 1 0 0 0 0
Total 178 9 (5.1) 0 (0.0) 0 (0.0) 9 (5.1)

WNY 2009 1 0 0 0 0
2011 39 1 (2.6) 0 0 1 (2.6)
2012 50 0 0 1 (2.0)† 1 (2.0)
2013 51 1 (2.0) 0 0 1 (2.0)
Total 141 2 (1.4) 0 (0.0) 1 (0.7) 3 (2.1)

HV 2011 10 0 0 0 0
2012 36 0 0 1 (2.8)‡ 1 (2.8)
2013 67 0 0 0 0
Total 113 0 (0.0) 0 (0.0) 1 (0.9) 1 (0.9)

LI 2015 58 1 (1.7) 0 0 1 (1.7)
State 490 12 (2.4) 0 (0.0) 2 (0.4) 14 (2.9)
EEEV = Eastern equine encephalitis virus; HJV = Highlands J virus.
* CNY = Central New York; HV = Hudson Valley; LI = Long Island; WNY = Western New York..
†One ALPHA-positive deer was EEEV < 1:20, HJV 1:20.
‡One ALPHA-positive deer was EEEV 1:20, HJV < 1:20.
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OnLI, 11deer (19.0%)werepositive for JCV, and four (6.9%)
CAL positives were recorded.
Bunyamwera serogroup.Overall, 38.0%of all deer sampled

were positive for anti-BUN (CVV and POTV) antibodies
(Table 6). Bunyamwera serogroup seropositivity rate was
significantly higher (χ2 = 32.12, P < 0.0001) in adults (46.7%,
134/287) than in fawns (7.7%, 5/65). Antibody prevalencewas
highest in WNY deer (51.1%), followed by HV (38.8%), CNY
(32.8%), and LI (15.5%) (Figure 1C). Cache Valley orthobu-
nyavirus accounted for the majority of BUN–positive samples
(67.7%, 126/186).
In CNY, seroprevalence to BUN viruses varied by year from

2007 to 2009, at 35.6, 14.3, and 37.3%, respectively. Cache
Valley orthobunyaviruswas the etiologic agent responsible for
antibody in 32 deer, and POTV in 12 deer. Fifteen deer were
classified as nonspecific BUN positive.
In WNY, seroprevalence rates decreased year to year

from 2011 to 2013. In 2011, 66.7% of 39 deer sampled were
positive against at least one BUN virus. Seropositive rates

decreased to 50.0% in 2012 and 41.2% in 2013. Cache
Valley orthobunyavirus infections were most common in
WNY in all years, compared with POTV, and accounted for
54 of 72 (75.0%) BUN–positive deer, whereas POTV
accounted for six (8.3%). The source of the antibody could
not be determined for the remaining 12 (16.7%) BUN-
positive deer in WNY.
Bunyamwera serogroup rates in the HV region from 2011

to 2013 were 40.0%, 33.3%, and 43.3%, respectively.
Similar to trends seen in the other regions, CVV antibody
was more prevalent, accounting for 34 of 45 (75.6%) sero-
positive deer versus seven (15.6%) for POTV and four (8.9%)
for BUN.
OnLI, 10BUN reactivedeerweredetected.Six (60.0%)deer

were positive for CVV-specific antibody and four (40.0%)were
classified as BUN positives.
“Poly”-infection. Infection with more than one mosquito-

borne virus or serogroup was apparent in 38.8% (190/490) of
all deer sampled (Figure 2). The rates of poly-infection were:

TABLE 4
Flavivirus testing results

Region* Year Number of samples tested

Number of positive samples (%)

West Nile virus St. Louis encephalitis virus FLAVI Total

CNY 2007 73 6 (8.2) 1 (1.4) 6 (8.2) 13 (17.8)
2008 28 3 (10.7) 0 1 (3.6) 4 (14.3)
2009 75 4 (5.3) 2 (2.7) 14 (18.7) 20 (26.7)
2011 1 0 0 0 0
2013 1 0 0 0 0
Total 178 13 (7.3) 3 (1.7) 21 (11.8) 37 (20.8)

WNY 2009 1 0 0 0 0
2011 39 0 0 0 0
2012 50 5 (10.0) 2 (4.0) 1 (2.0) 8 (16.0)
2013 51 2 (3.9) 1 (2.0) 0 3 (5.9)
Total 141 7 (5.0) 3 (2.1) 1 (0.07) 11 (7.8)

HV 2011 10 1 (10.0) 0 0 1 (10.0)
2012 36 3 (8.3) 0 1 (2.8) 4 (11.1)
2013 67 1 (1.5) 0 0 1 (1.5)
Total 113 5 (4.4) 0 (0.0) 1 (0.9) 6 (5.3)

LI 2015 58 11 (19.0) 0 4 (6.9) 15 (25.9)
State 490 36 (7.3) 6 (1.2) 27 (5.5) 69 (14.1)
*CNY = Central New York; HV = Hudson Valley, LI = Long Island; WNY = Western New York..

TABLE 5
California serogroup testing results

Region* Year Number of samples tested

Number of positive samples (%)

Jamestown Canyon orthobunyavirus LaCrosse orthobunyavirus California serogroup Total

CNY 2007 73 57 (78.1) 0 2 (2.7) 59 (80.8)
2008 28 22 (78.6) 0 2 (7.1) 24 (85.7)
2009 75 46 (61.3) 2 (2.7) 10 (13.3) 58 (77.3)
2011 1 1 (100.0) 0 0 1 (100.0)
2013 1 1 (100.0) 0 0 1 (100.0)
Total 178 127 (71.3) 2 (1.1) 14 (7.9) 143 (80.3)

WNY 2009 1 0 0 1 (100.0) 1 (100.0)
2011 39 27 (69.2) 1 (2.6) 4 (10.3) 32 (82.1)
2012 50 17 (34.0) 0 13 (26.0) 30 (60.0)
2013 51 27 (52.9) 0 (0.0) 6 (11.8) 33 (64.7)
Total 141 71 (50.4) 1 (0.7) 24 (17.0) 96 (68.1)

HV 2011 10 5 (50.0) 0 1 (10.0) 6 (60.0)
2012 36 12 (33.3) 0 6 (16.7) 18 (50.0)
2013 67 42 (62.7) 0 8 (11.9) 50 (74.6)
Total 113 59 (52.2) 0 (0.0) 15 (13.3) 74 (65.5)

LI 2015 58 11 (19.0) 0 4 (6.9) 15 (25.9)
State 490 268 (54.7) 3 (0.6) 57 (11.6) 328 (66.9)
*CNY = Central New York; HV = Hudson Valley; LI = Long Island; WNY = Western New York.
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WNY (49.6%), CNY (42.1%), HV (32.7%), and LI (13.8%). The
majority of poly-infections were to both California and BUN
viruses (85.8%, 163/190). Poly-infection was significantly more
common (χ2 = 15.13,P=0.0016) in adults (45.6%, 131/287) than
in fawns (18.5%, 12/65).

DISCUSSION

The earliest arbovirus investigations in NYS occurred in
the late 1950s and early 1960s to assess prevalence and
distribution of groups A (alphaviruses) and B (flaviviruses)
viruses.35,36 Serosurveys were performed on sera collected
from dairy herds, foxes, deer, raccoons, bats, and rodents.
Results indicated widespread activity of flaviviruses, espe-
cially in raccoon and fox sera. Alphavirus activity was limited.
Two of 70 deer sampled were found to have antibodies to an
arbovirus. Both deer were exposed to an alphavirus, likely
HJV, and both sera were collected in Seneca County, which
lies along the border of the CNY and WNY regions sampled
during our study. A more exhaustive deer serosurvey was
conducted on 352 samples collected from nine NYS counties
during 1959–1969. Seropositivity rates against the alphavi-
ruses, determined by PRNTs, were low (0% for EEEV and
3.9% for HJV), and none of the samples originated from
counties with recognized EEEV activity.39

Results from the current study indicate limited alphavirus
exposure on a state-wide or regional scale (2.9%), and only in
deer harvested from counties with historical or recent EEEV
activity.41,54,55 The overall EEEV seropositivity rate found in
NYS WTD, 2.4%, is lower than those recently reported for
cervids harvested in Vermont (10.2% in deer, 29% in
moose),56,57 Maine (7.1% in deer),58 Georgia (14% in deer),11

Florida (11.9%),59 and from historic reports in North Dakota
(23% in deer).60 Eastern equine encephalitis virus seroposi-
tivity rates by county/site within those states were highly
variable, and some rates were similar to those observed for
the CNY-harvested deer in this study (5.1%), demonstrating
the focal and episodic transmission dynamics of EEEV in the
northeastern United States. The EEEV seropositivity rate
in NYS was similar to those reported in harvested WTD in

Alabama (2.5%), Indiana (2.2%), Louisiana (3.1%), Minnesota
(1.7%), Mississippi (3.1%), New Jersey (3.4%), and Pennsyl-
vania (2.9%).59 Since 2003, EEEV has persisted in the CNY
region, with some years (2006, 2009–2011, and 2014–2015)
experiencing increased levels of mammalian transmission as
evidenced by human and equine fatalities and numerous
mosquito isolates.54 Eastern equine encephalitis virus was
isolated from brain tissue of two deer (one each 2008 and
2009) displaying neurologic symptoms in Oswego County
(CNY), indicative of increased epizootic activity during those
transmission seasons. Fatal EEEV infections in deer have
been reported in Georgia andMichigan.11,13 Highlands J virus
seropositivity was not detected during the current study, al-
though previously reported in NYS deer.39

Evidence of group B (Flavivirus) activity was not observed in
deer sampled during one of the earlier NYS studies; however,
SLEV hemagglutination inhibition (HI) antibodies were recor-
ded in 26 samples from other species.35 A number of these
were determined to be Powassan virus (POWV) infections by
PRNTs, but a handful were inconclusive, suggesting possible
cross-reactivity with a virus closely related to SLEV. Results
from the deer serosurvey published later indicated seven deer
with serologic evidence of exposure to SLEV (or a SLEV-like
virus).39 Screening tests were performed using the HI test, an
assay with known limitations especially against flaviviruses.48

Two of the seven deer were negative to POWV by HI exami-
nation. The five remaining deerwere reactive to both antigens.
Plaque reduction neutralization testss confirmed three POWV
and two SLEV infections. During the current study, six deer
were considered specific SLEV reactors, three each in CNY
and WNY. Four of the six deer had SLEV titers at least 4-fold
higher than any other flavivirus tested (WNV and POWV). The
remaining two deer had less than 4-fold differences in anti-
body titer to POWV (data not shown). Using a strict conser-
vative interpretation, these twosampleswouldbeclassifiedas
FLAVI reactors. Considering the closest SLEV relative circu-
lating in the United States is WNV (antibody titers to WNV
were < 1:20), and POWV is distributed across NYS, one pos-
sible interpretation is that these samples represent dual in-
fections with SLEV and POWV. Of note, SLEV has never been

TABLE 6
Bunyamwera serogroup testing results

Region* Year Number of samples tested

Number of positive samples (%)

Cache Valley orthobunyavirus Potosi orthobunyavirus Bunyamwera serogroup Total

CNY 2007 73 22 (30.1) 3 (4.1) 1 (1.4) 26 (35.6)
2008 28 1 (3.6) 1 (3.6) 2 (7.1) 4 (14.3)
2009 75 9 (12.0) 8 (10.7) 11 (14.7) 28 (37.3)
2011 1 0 0 0 0
2013 1 0 0 1 (100.0) 1 (100.0)
Total 178 32 (18.0) 12 (6.7) 15 (8.4) 59 (33.1)

WNY 2009 1 0 0 0 0
2011 39 19 (48.7) 4 (10.3) 3 (7.7) 26 (66.7)
2012 50 19 (38.0) 1 (2.0) 5 (10.0) 25 (50.0)
2013 51 16 (31.4) 1 (2.0) 4 (7.8) 21 (41.2)
Total 141 54 (38.3) 6 (4.3) 12 (8.5) 72 (51.1)

HV 2011 10 3 (30.0) 0 1 (10.0) 4 (40.0)
2012 36 7 (19.4) 3 (8.3) 2 (5.6) 12 (33.3)
2013 67 24 (35.8) 4 (6.0) 1 (1.5) 29 (43.3)
Total 113 34 (30.1) 7 (6.2) 4 (3.5) 45 (39.8)

LI 2015 58 6 (10.3) 0 4 (6.9) 10 (17.2)
State 490 126 (25.7) 25 (5.1) 35 (7.1) 186 (38.0)
*CNY = Central New York; HV = Hudson Valley; LI = Long Island; WNY = Western New York.
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isolated in NYS, although multiple human cases were docu-
mented in 1975, which coincided with a large outbreak in the
Mississippi and Ohio River valleys, and in 2003, a single
confirmed case with no recent history of travel was detected
in Ontario County (WNY). Similar observations were docu-
mented for deer sampled in New Jersey, where 11 samples
were SLEV antibody positive, yet virus activity was not de-
tected in mosquitoes or humans.24 In another study, 3.9% of
WTD in New Jersey were seropositive for SLEV antibodies.59

The detection of SLEV (or SLEV-like) antibodies in NYS deer
suggests a cryptic enzootic cycle, an alternative vector, or an
unrecognized virus closely related to SLEV.

Compared with unvaccinated horses, clinical or fatal WNV
infections of cervids are rare. In 2002, four captive reindeer at
the National Animal Disease Center in Ames, Iowa, were de-
termined to have succumbed toWNV infection.61 At the same
farm, nine additional reindeer and six WTD were exposed to
the virus but did not present with clinical signs. In Georgia,
WNV RNA was detected in the brain of a euthanized deer that
displayed neurologic symptoms in 2003.12 In 2012, WNV was
isolated fromaWTDbrain originally submitted to theNYSDOH
for rabies testing (unpublished data). A study by Farajollahi
et al.24 observedWNVseroprevalence ratesof 0.9% inhunter-
harvested deer in New Jersey in 2001. A later study found

FIGURE 2. Antibody rates to mosquito-borne viruses, including “poly”-infections, of white-tailed deer in New York State.

ARBOVIRUS SEROLOGY OF WHITE-TAILED DEER, NEW YORK STATE 599



9.0% of New Jersey deer harvested between 2010 and 2016
were seropositive against WNV.59 In Iowa, before WNV in-
troduction in the Midwest, flavivirus seroprevalence rates
ranged from 2.2 to 3.2%. In 2002 and 2003, the period
encompassing the WNV epizootic in the Midwest, seropre-
valence rates increased to 7.9% and 8.5%, respectively.62

During the current study, WNV rates in NYS (7.3%) were
similar to those reported in the Iowa study (6.0%), although
obvious temporal relationships, mosquito species composi-
tion (enzootic and bridge vectors), and likely other trans-
mission dynamics differ across the two states. Rates in the
current study differed by region and year, reflecting local and
annual variability in virus maintenance and transmission.
Despite continuous WNV and EEEV activity in NYS since at

least 2003, deer exposure to these viruses is relatively low,
especially compared with exposure rates to orthobunyavi-
ruses. One likely explanation is that the mosquitoes re-
sponsible for enzootic transmission of WNV (Culex pipiens)
and EEEV (Culiseta melanura) in NYS are predominantly
ornithophilic.9,10,63,64 Recent studies have reported that both
mosquito species take a small percentage of meals from
mammals, including WTD,9,10 suggesting that bridge vectors
are not necessary for transmission to these dead end hosts.
Consistent with prior published WTD serosurveys, sero-

prevalence rates to JCV and CVV in the current study are
higher than rates to the alpha- and flaviviruses. Unlike WNV
and EEEV, WTD have been implicated as an amplifying host
for JCV andCVV,7,65–68 althoughmany orthobunyaviruses are
maintained by vertical transmission.69–73 Jamestown Canyon
virus and CVV infection rates in the current study were 54.7%
and 25.7%, respectively, but varied by region and year. Rates
for the two viruses in the 1969 NYS study were 29% for JCV
and 30.6% for CVV.37 Rates from the 1969 study were based
on PRNTs using single viruses, whereas rates in the current
study were the result of cross-neutralizations using JCV and
LACV (CAL) and CVV and POTV (BUN). Determining the
seroprevalence using lesser standards (i.e., single represen-
tatives of serogroups and lower cutoff for PRNT positivity) on
the current samples would increase rates to 67.4% for JCV
and 35.4% for CVV, or 1.2–1.4 times higher than the historical
rates. The reason for this difference likely cannot be attributed
to a single cause, but one plausible contributing factor is the
expansion of the WTD population in the United States, in-
cluding NYS, since the original study was published.74,75

Potosi orthobunyavirus was first isolated from Aedes
albopictus mosquitoes collected in Missouri in 1989,50 and
then subsequently detected in mosquitoes throughout the
midwestern United States and the Carolinas. The first evi-
dence of POTV in the northeastern United States was from
mosquitoes collected inConnecticut in 2000.76 In 2003, POTV
was first isolated in NYS from a pool ofOchlerotatus trivittatus
(Aedes trivittatus) mosquitoes.77 Twenty-five deer during the
course of this study were confirmed POTV antibody positive.
Results of POTV neutralization in deer sera collected from
each region of NYSduring this study and 242 isolates of POTV
from 19 counties in nine of the 16 years during mosquito
surveillance since 2003 (NYSDOH, unpublished data) suggest
widespread, episodic transmission of the virus in NYS.White-
tailed deer are susceptible to infectionwith POTV andmount a
viremia sufficient to infect mosquitoes.68

A single virus could not be implicated for observed antibody
responses in a large proportion of seropositive deer despite

the use of closely related, sympatric viruses in the cross-
neutralization tests. This is especially true for deer with Cal-
ifornia and BUN antibodies. To determine CAL positivity, we
included JCV and LACV in our testing strategy. Very few deer
were confirmed LACV reactors (0.6%), consistent with other
studies.1,26,28,60 Thehostsof this virus are typically chipmunks
and squirrels.78 We screened a number of JCV-, LACV-, and
CAL-positive reactors against another CAL virus, TVTV, which
has been routinely isolated during mosquito surveillance ac-
tivities in NYS. All deer samples screened from our studywere
negative against TVTV. A study fromWisconsin in 1989 found
no deer infected with TVTV, whereas an earlier study, also in
Wisconsin, found only four of 587 deer with specific antibody
to TVTV.4,28 Trivittatus orthobunyavirus is likely maintained
transovarially in mosquitoes, but replicates in small mammal
hosts as well, similar to LACV.79 It is possible that nonspecific
CAL antibody positive deer may be the result of yet another
CAL virus circulating in NYS. Both snowshoe hare and South
River orthobunyaviruses have been isolated during NYS ar-
bovirus surveillance (NYSDOH, unpublished data), and Key-
stone orthobunyavirus is known to circulate along the Atlantic
coast.26,30 Alternatively, the nonspecific CAL and BUN posi-
tives may represent infections with two or more viruses,
considering spatiotemporal overlap of multiple viruses and
relative longevity of deer. Similar serologic results were ob-
served in studies conducted in California, Indiana, North
Carolina, Texas, and Wisconsin.4,5,26,68,80–82 The most com-
mon poly-infection we observed was with California and BUN
viruses. This observation is not surprising, given the high
overall rates of JCV, CVV, and POTV in each region sampled.
Low antibody titers to JCV (and possibly other arboviruses) in
fawns may represent maternally acquired antibodies.83

One of the limitations of the current study is the inability to
compare temporal and regional seroprevalence rates due to
inconsistent sampling. County of origin for harvested deer
varied each year with LI sampled for only 1 year. Statistical
comparisons of seroprevalence rate differences in sexes of
deer were not considered because mostly bucks were sam-
pled in the CNY, WNY, and HV regions, whereas LI samples
were from a cull that targeted female deer, although other
studies did not show a difference in seroprevalence rates to
orthobunyaviruses between sexes.4,68

Positive serologic results in NYSWTD indicate recent, local
virus transmissionof several knownhumanpathogens.Before
2009, only two human cases of EEEV infection were recog-
nized in NYS, one in 1971 and the other in 1983.15,41,55 Since
2009, nine cases have been reported,55 four of which were
fatal. It is unlikely that this is the result of improveddiagnostics,
considering that the NYSDOH has had an active arbovirus
surveillance systemoriginally designed for EEEVmonitoring in
the Oneida Lake (CNY) region since the 1970s,41,54,55 and
physicians and local health departments have been aware of
thedisease.Conversely, thedetectionof humancasesof JCV,
CVV, and SLEV infection were likely the result of enhanced
arboviral surveillance and newly developed testing methods
enacted after the arrival of WNV in NYS in 1999.21,31 Hunter-
harvested deer testing provides an efficient passive surveil-
lance system to assess the presence of arthropod-borne
viruses of human health significance on a local and regional
scale. It can be an especially important tool in areas where
active arboviral surveillance is lacking or to augment an
established program. Testing can be made more practical,
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high-throughput, and biosafety level-2 compatible with the
use of chimeric viruses and the development of serologic
techniques such as microsphere immunofluorescence and
enzyme-linked immunoassays to avoid working with in-
fectious virus.
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