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Abstract

White-tailed deer (WTD) are abundant mammals widely distributed across the United States. As a result, WTD
are considered to be excellent sentinels for detecting arboviral activity in certain geographic areas. Evidence of
West Nile virus (WNV) antibody in WTD has been reported previously in several states. However, WNV
infection in WTD has not been reported from Texas, where the incidence of human West Nile (WN) cases is
among the highest in the United States. Therefore, the aim of this study was to determine the prevalence of
WNV antibody in WTD in central Texas. Sera samples (n = 644) were collected from deer during the fall and
winter in western Travis County, Texas from 2014 to 2018 and tested for WNV immunoglobulin G (IgG)
antibody by an indirect enzyme-linked immunosorbent assay (ELISA). ELISA antibody-positive samples were
further tested for WNV and St. Louis encephalitis virus (SLEV) antibodies by an 80% plaque-reduction
neutralization tests (PRNT80). Overall, 9% (n = 58) and 0.31% (n = 2) of the deer samples had serological
evidence of WNV and SLEV infections, respectively. WNV seroprevalence differed significantly by age
( p < 0.05), but there was no significant difference between sex. Interestingly, 3.1% (n = 20) of the samples were
positive for Flavivirus IgG antibody by ELISA, but negative for SLEV and WNV antibodies, suggesting that
other Flaviviruses may be circulating among WTD in Texas. Finally, these results supported WNV infection
among WTD and highlight their potential role as sentinels for the detection of WNV in Texas and warrant
further studies to determine the role WTD play in the maintenance and transmission of WNV.
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Introduction

Although white-tailed deer (WTD; Odocoileus
virginianus) are susceptible to infection by several ar-

boviruses (arthropod-borne viruses), their role in the main-
tenance and transmission cycle for most of these viruses is
poorly understood (Yuill and Seymour 2001). However, as
one of the most abundant and widely distributed large ru-
minant mammal species in North America, testing of sera
samples from WTD for arbovirus antibodies has been re-
ported to be a reliable indicator for monitoring arboviral
activity (DeNicola et al. 2000, Yuill and Seymour 2001,
Farajollahi et al. 2004, Santaella-Tenorio et al. 2005, Mutebi
et al. 2011, Nofchissey et al. 2013, Pedersen et al. 2017). Of
the Flaviviruses studied, West Nile virus (WNV) antibody
has been among the most frequently detected in WTD with
seroprevalence ranging from an overall of 6.0% in deer
sampled from 18 U.S. states and the U.S. Virgin Islands, with

a high of 18.7% in Lousiana (Pedersen et al. 2017). In other
areas, seroprevalence ranged from 0.9% in New Jersey
(Farajollahi et al. 2004) to 8.5% in Iowa (Santaella-Tenorio
et al. 2005).

West Nile (WN) infection in WTD has not been reported
from Texas where the incidence of human WN cases is among
the highest in the United States (CDC, 2019). Population
density of WTD in Texas has increased dramatically from near
extermination in the early 1900s to an estimated population of
5.3 million (Texas Parks and Wildlife Department, 2019).
Therefore, because of an opportunity to collect sera samples
from WTD, a survey for serological evidence of WNV in-
fection among WTD in suburban and rural communities, with
a seasonal circulation of WNV since 2002, was conducted in
Travis County, Texas. This serosurvey was also extended to
test for St. Louis encephalitis virus (SLEV) antibody. SLEV is
the only other Flavivirus, that is, well documented to be en-
zootic in certain areas of Texas (DSHS 2019).
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Materials and Methods

Sample collection

Blood samples were collected from free ranging, rural, and
suburban WTD taken by experienced sharpshooters in ac-
cordance with Scientific Permit SPR-0801-168 issued by the
Texas Parks and Wildlife Department, Austin, Texas in
several different areas in Travis County, Texas from 2014 to
2018 (fall and winter). Initially, deer density in these areas
averaged £ 4 acres/deer where, in this region, a deer density
of 10–15 acres/deer is desired. Travis County is located in
south-central Texas, between San Antonio and Dallas-Fort
Worth. The County is divided by the Colorado River from the
northwest to southeast, forming a series of lakes, including
Lake Travis, Lake Austin, and Lady Bird Lake. According to
the 2010 census, the human population reaches 1,024,266
inhabitants. Travis County altitude ranges from 120 to 400
feet above sea level and its climate is subtropical, with an
average low of 4�C and a high temperature of 38�C during the
winter and summer season, respectively. The annual average
rainfall is 812 mm. The landscape in western Travis County is
dominated by Ashe juniper and mixed hardwood species
interspersed with grassland and steepwalled canyons.

The collection sites are all located within Travis County
and west of State Highway 183. Four study areas designated
as Area A, B, C, and D were identified and 20 collection sites
within those areas were established. Areas A, B, and D are
separated from one another by 7–10 miles, whereas Area C is
*20 miles distant from the other Areas. These Areas are
undeveloped land, but some are surrounded by residential
and commercial development. Area A is private and local
government-owned land closed to the public and bordering
the north and south shores of Lake Austin at its western end.
Area B consists of tracts of local government-owned land,
closed to the public, but surrounded by residential and
commercial development and situated between Lake Austin
and MoPac Boulevard extending northward to highway 620.
Area C is rural county-owned property situated at the western
edge of Travis County. This Area has public access and is
bordered by Lake Travis on the north and the Travis County
line on the south and west. This area is *20 miles west of
Areas A, B, and D. Area D is undeveloped local government-
owned land, closed to public access, bordered by highway 620
on the south, Lake Travis on the west and State Highway 183
on the east and extending northward to the Travis County line.

Data collected on each deer included date, sex, age, and
location. Age was determined by a standard dental exami-
nation (Cain and Wallace 2003). Blood samples were
obtained by postmortem cardiac puncture at a central pro-
cessing site and transported to the laboratory for processing.
Samples were centrifuged at 1200 · g at 4�C for 10–15 min
and then the sera were stored in aliquots of one to 2 mL at
20�C until tested for antibodies.

Indirect immunoglobulin G enzyme-linked
immunoabsorbent assay

WTD sera samples were tested for immunoglobulin G
(IgG) antibody to WNV by an indirect enzyme-linked im-
munosorbent assay (ELISA) using a lysate of Vero cells as
previously described (Palermo et al. 2019) with slight mod-
ifications. In brief, sera samples were diluted at a 1:100 di-

lution in blocking buffer (5% skim milk, 1% Tween, in
phosphate-buffered saline [PBS] 1X pH 7.4) and tested in
duplicate against WNV antigen prepared as infected Vero
cell lysates, and uninfected lysate cells as a control antigen.
Then, 96-well microplates were coated with the cell lysates
(100 lL) and incubated overnight at 4�C. The next day, the
wells of the microplates were washed with PBS 1X tween
0.1% and 100 lL of each of the diluted sera samples was
added to each microplate well. Then, 100 lL of a secondary
antibody (horseradish peroxidase-conjugated rabbit anti-deer
IgG) was added to each well of the microplates, followed
by the addition of 100 lL of a colorimetric substrate ABTS
(2, 2¢-Azinobis [3-ethylbenzothiazoline-6-sulfonic acid]-
diammonium salt). After incubation for 40 min, the optical
density (OD) values were recorded at 410 nm.

The cutoff OD value was calculated as the ratio of the
OD/sample obtained for the WNV antigen (P) and the Vero
uninfected antigen (N). Samples with an OD ratio (P/N) >2.0
were considered positive. A set of six WNV antibody-
negative and six WNV antibody-positive deer control sera
samples were included in the assay. Positive controls had a
WNV 80% plaque-reduction neutralization tests (PRNT80)
and a hemagglutination inhibition titers greater than 1:20
(ranging from 1:40 to 1:1280) and were SLEV PRNT80 an-
tibody negative by neutralization assays. Negative control
sera were confirmed to be negative for SLEV and WNV
antibodies by neutralization assays.

Plaque reduction neutralization test

WTD sera samples that were reactive in the indirect IgG
ELISA to WNV were also tested by PRNT to WNV (NY-99
strain) and SLEV (TVP 12917 strain). In brief, a 1:10 dilution

Table 1. Seroprevalence of Flavivirus Antibody

in White-Tailed Deer by Locations in Travis

County (2014–2018)

Location (n)
WNV

Suspected
flavivirus SLEV SLEV/WNV

% (n) % (n) % (n) % (n)

Area A (170) 10.59 (18) 1.18 (2) 0.59 (1)
Area B (90) 14.4 (13) 4.44 (4)
Area C (183) 4.37 (8) 3.83 (7) 0.55 (1)
Area D (201) 8.96 (18) 3.48 (7)

SLEV, St. Louis encephalitis virus; WNV, West Nile virus.

Table 2. Distribution of the Optical Densities

Ratio (P/N) Determined by the Indirect WNV IgG

ELISA for the 20 White-Tailed Deer Sera Samples

That Were Negative for WNV/SLEV Antibodies

OD ratio (P/N*) No. of deer samples

2–2.5 7
2.5–3 4
3–3.5 3
3.5–4 2
4–5.2 4

*OD ratio was ‡ 2.0 for antibody positive samples.
ELISA, enzyme-linked immunosorbent assay; IgG, immunoglob-

ulin G; OD, optical density.
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of the heat-inactivated WTD sera samples were incubated at
4�C overnight with 30–60 plaque-forming units (PFU) of
either WNV or SLEV suspensions. The next day, mixtures of
sera/virus (final sera dilution 1:20) were inoculated on Ma-
caca mulatta monkey kidney (LLCMK2) and baby hamster
kidney (BHK-21) cells for WNV and SLEV neutralization
assays, respectively. After 3 to 5 days of incubation, cells
were fixed and stained with a naphthol blue-black solution.
Virus dose was determined as the mean number of PFU re-
corded on each of 10 wells cells infected with 30–60 PFU
based on testing of an equal volume of a dilution of the virus
stock and antibody-negative control deer serum. PFU were
counted, and if the sera dilution (1:20) reduced ‡ 80% of the
virus dose, the sample was considered as antibody positive. If
samples were positive for SLEV and WNV at 1:20 dilution,
twofold serial dilutions were tested (1:20 to 1:640) and
endpoint titers of fourfold higher antibody difference be-
tween SLEV or WNV were considered to specifically dif-
ferentiate antibody to either one of the viruses. Otherwise,
samples were considered as SLEV/WNV antibody positives.
A chi-square test was used to compare antibody ser-
oprevalence with the categorical variables as sex and age. All
the statistical analyses were performed using the GraphPad
8.0 (San Diego, CA).

Results

A total of 644 WTD samples were collected from four
areas (A–D) consisting of 20 distinct collection sites in Travis
County, Texas, and tested for Flavivirus antibody. The
overall antibody prevalence for WNV and SLEV was 9% and
0.31%, respectively, which varied among areas. Sera from
deer collected at Areas A and B had the highest WNV ser-
oprevalence (Table 1). Of all the deer samples, 0.16% (n = 1)
had antibody to both WNV and SLEV, and 3.11% (n = 20)
were WNV IgG antibody positive (OD ratio >2.0), but neg-
ative for SLEV and WNV neutralizing antibodies (Table 2).

WNV seroprevalence varied from 8% to 11.28% from
2014 to 2017 and decreased in 2018 (Table 3). Almost similar
numbers of WTD were sampled by sex: male (54.5%) vs.

female (45.5%). No significant differences in the WNV an-
tibody seroprevalence were associated with sex (Table 4).

Age class was categorized into five groups (0.5, 1.5, 2.5,
3.5, and ‡ 4.5 years), with a range of 110 to 151 WTD per
group. WNV antibody prevalence differed significantly by
deer age ( p < 0.05) (Fig. 1), displaying an increasing trend,
being the highest (18.57%) in WTD older than 4.5 years.

Discussion and Conclusions

Our findings documented serological evidence of WNV
infection in WTD that were collected between 2014 and 2018
in Travis County, Texas. The overall 9% and 0.31% preva-
lence for WNV and SLEV antibody, respectively for WTD,
in Travis County, Texas, represented the first reported in-
formation on these two Flaviviruses in the Southwestern
regions of the United States. Most of the serosurveys among
WTD for WNV antibody have been carried out in the
Northeast, Midwest, and Southeast regions of the United
States. A survey for WNV and SLEV antibodies among
hunter-killed deer in New Jersey in 2001 reported ser-
oprevalence of 0.9% and 1.6%, respectively (Farajollahi
et al. 2004). In Iowa, seroprevalence of WNV among WTD
was 7.9% and 8.5% in 2002 and 2003, respectively
(Santaella-Tenorio et al. 2005). Also, a recent survey of
1,508 WTD from 97 counties in 18 U.S. states (collected
between January 2010 and March 2016) revealed serologi-
cal evidence of infection by three Flaviviruses, including
Powassan (4.2%), St. Louis encephalitis, (3.7%), and WNV
(6.0%) (Pedersen et al. 2017).

The increase in WNV antibody seroprevalence with age
was also reported among WTD in the United States (Pedersen
et al. 2017), with peak rates being observed in older deer as in
the present study. However, the seroprevalence of WNV
antibody did not differ by sex as previously reported for deer
in the United States (Pedersen et al. 2017). Furthermore, the
WNV antibody seroprevalence was higher in Areas A and B
in Travis County than other areas. These areas are surrounded
by urban, recreational, and touristic settings and therefore
may have supported a higher population density of Culex
quinquefasciatus, the primary vector species of WNV in
Texas. Cx. quinquefasciatus breeds in clean and dirty water,
ditches, and areas with organic waste, and is widely distrib-
uted in Travis County (DSHS 2018). Furthermore, previous
studies have indicated that Cx. quinquefasciatus is an op-
portunistic feeder on avian and mammal hosts in Texas
(Molaei et al. 2007).

In Travis County communities, WNV infection was re-
ported in 13 WN human cases, 31 mosquito pools, and
2 horses from to 2014 to 2018 (DSHS 2018) (Table 5).
During that period, WNV activity in Travis County was
higher every biennial (2014, 2016, 2018) than other years

Table 3. Flavivirus Antibody Seroprevalence in White-Tailed Deer by Year in Travis County (2014–2018)

Flavivirus antibodies
2014 (n = 150) 2015 (n = 167) 2016 (n = 21) 2017 (n = 195) 2018 (n = 111)

% (n) % (n) % (n) % (n) % (n)

WNV 8 (12) 9.58 (16) 9.52 (2) 11.28 (22) 4.5 (5)
Flavivirus 3.33 (5) 1.78 (3) 4.1 (8) 3.6 (4)
SLEV 0.67 (1)
WNV/SLEV 0.51 (1)

Table 4. Flavivirus Antibody Seroprevalence

in White-Tailed Deer by Sex in Travis

County (2014–2018)

Antibodies
Male(351) Female (293) Total (644)

% (n) % (n) % (n)

WNV 7.69 (27) 10.23 (30) 8.8 (57)
Suspected flavivirus 2.57 (9) 3.75 (11) 3.11 (20)
SLEV 0 0.34 (1) 0.16 (1)
WNV/SLEV 0 0.34 (1) 0.16 (1)
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(2015, 2017), when WNV activity was minimal or zero.
Burnet and Williamson are neighboring counties to the north
and west of Travis County. WNV activity in Williamson
County (WNV infections in 4 human WN cases, 30 mosquito
pools and 1 horse) had a similar trend as Travis County from
2014 to 2018, while only 1 WNV-infected horse was reported
in Burnet County at the same period.

The increased WNV activity in Travis County might have
contributed to the WNV antibody seroprevalence observed
among WTD (Table 3). Interestingly, WNV activity was not
reported among humans in Travis County in 2019 (DSHS
2019); however, deer sera have not yet been tested from
Travis County in 2019 to determine if the absence of human
cases was reflected by a decrease of antibody in WTD.

As observed during our study, antibody suggestive of an
undescribed Flavivirus (non-WNV and non-SLEV) was re-
ported in a deer serosurvey from Iowa using an indirect WNV
ELISA (Santaella-Tenorio et al. 2005). In our study, a total of
20 WTD samples were WNV Flavivirus positive (OD >2.0),
and 9 of 20 (45%) had an OD ratio >3.0 by the ELISA IgG
antibody assay (Table 2), suggesting that other Flavivirus(es)
had infected WTD in Travis County, Texas. Due to limitations
in the volume, samples were not tested for other Flavivirus
antibodies. However, evidence of tick-borne Flaviviruses
(e.g., Powasan virus [POWV]) infection in WTD was reported

in the Northeast and Midwest regions of the United States and
Louisiana (5.3% prevalence to POWV) (Nofchissey et al.
2013, Pedersen et al. 2017).

According to a recent report, evidence of WNV infection
has been demonstrated in at least 100 mammalian species
(Root and Bosco-Lauth 2019). However, the potential role of
most of these mammals, including WTD in the maintenance
and transmission cycle of this virus, is unknown. The lack of
a virus amplifying role by equine, due to the low and transient
viremia levels during WNV infection (Bunning et al. 2002),
suggest that WTD may also serve as a dead-end host (Blitvich
2008, Angenvoort et al. 2013). However, WTD are likely to
play an important role as a source of blood to sustain the
reproduction of the Culex spp. and other vector mosquito
species (Molaei et al. 2006, 2008). Finally, this study high-
lights the importance of WTD for monitoring the distribution
of WNV and SLEV and possibly other arboviruses in Texas.
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