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First molecular and serological detection of Epizootic Hemorrhagic Disease virus in white
tailed deer (Odocoileus virginianus) from Tamaulipas, Mexico
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ABSTRACT

Epizootic hemorrhagic disease viruses (EHDV) are dsRNA arboviruses transmitted by biting midges of
the genus Culicoides that cause disease in domestic and wild ruminants. Epizootic hemorrhagic disease
(EHD) is considered the most important infectious disease of white tailed deer (WTD) in North America,
some studies in Northeast Mexico reported EHDV-seropositive WTD and EHDV-infected Culicoides
vectors. The increasing population of WTD that share habitat with livestock in Northeast México
highlights the importance of EHD for the livestock industry in the transboundary region with the U.S.
One hundred and twenty two samples from WTD in Tamaulipas state, Mexico were tested by ELISA and
RT-PCR for EHDV antibodies and nucleic acid, respectively. Twelve animals were seropositive to
ELISA and eleven animals were positive by RT-PCR. This is the first report of EHDV nucleic acid
detection in WTD from Mexico. It is hypothesized that applying the transboundary disease approach to
interdisciplinary research will help fill knowledge gaps, which could help develop countermeasures to
mitigate the threat of EHDV infection in wildlife and livestock along the U.S.-Mexico border.
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RESUMO

Virus da doenca hemorragica epizootica (EHDV) sdo arbovirus dsRNA transmitidos por mordidas do
genus Culicoides que causam doencas em ruminantes domésticos e selvagens. Doenca hemorragica
epizodtica (EHD) é considerada uma das doencas infecciosas mais importantes dos veados de cauda
branca (WTD) na América do Norte. Alguns estudos no Nordeste do México relatam soropositividade
para EHDV em WTD e vetores Culicoides infectados com EHDV. A crescente populacdo de WTD que
compartilham hébitats com pecuaria no Nordeste do México realgam a importancia de EHD para a
indUstria pecuaria na regido de fronteira com os Estados Unidos. Cento e vinte duas amostras de WTD no
estado de Tamaulipas, Mexico, foram testados por ELISA e RT-PCR para anticorpos e &cido nucleico de
EHDV, respectivamente. Esse é o primeiro relato de deteccéo de &cido nucleico de EHDV em WTD do
México. A hipotese é de que a aplicagdo de uma resposta transfronteira e pesquisa interdisciplinar ajudara
a preencher lacunas de conhecimento levando a medidas reativas para mitigar a ameaca de infeccdo por
EHDV na pecuéria e animais selvagens na fronteira entre os Estados Unidos e o Mexico.

Palavra-chaves: veado, detec¢do, EHDV, RT-PCR, sorologia

INTRODUCTION et al., 2011; Maclachlan et al., 2015). Although

originally reported in north America affecting

Epizootic hemorrhagic disease viruses (EHDV) white-tailed deer (WTD), Odocoileus virginianus
are dsRNA orbiviruses transmitted by biting (Shope et al., 1960), Epizootic Hemorrhagic
midges of the genus Culicoides that cause Disease (EHD) is now considered an emerging
disease in domestic and wild ruminants (Savini and re-emerging Culicoides-borne animal disease

affecting livestock in several parts of the world
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(Temizel et al., 2009; Kedmi et al., 2011; Toye
et al., 2013; Cétre-Sossah et al., 2014). In brazil
EHDV infection was shownto be lethal to grey
crocket deer Mazama gouazoubira (Favero et al.,
2013). There are seven EHDV serotypes
recognized worldwide (Ruder et al., 2015a), and
EHD is considered one of the most important
infectious diseases of WTD (Stallknecht et al.,
2015). However, recent epidemiological shifts
have increased the concern of livestock
producers in North America for EHD (Breard et
al.,, 2013; McVey et al., 2015; Stevens et al.,
2015).  Despite  advancements in  our
understanding of EHD and its diagnosis (Wilson
et al., 2015), there are gaps in our knowledge of
aspect related to its epidemiology in North
America (Ruder et al., 2015a). Serotypes EHDV-
1 and EHDV-2 were known to be endemic, and
in 2006 EHDV-6 was isolated from WTD in
North America (Allison et al., 2010; Maclachlan
and Guthrie, 2010). The significance of the
emergence of EHDV-6 to livestock and wild
ruminant population remains to be determined
(Stallknecht et al., 2015). Additionally,
Culicoides-host-EHDV interactions and
environmental ~ factors  influencing EHD
outbreaks remain to be fully understood in some
parts of North America (Pfannenstiel et al.,
2015), including the transboundary region
encompassing the Mexico-US border.

The transboudary region comprising the Mexico-
US border along the Rio Grande lies within a
disease hotspot (Esteve-Gassent et al., 2014). An
abundant WTD population on both sides of the
border represents a risk for the emergence and
re-emergence of animal and zoonotic diseases,
several of which are arthropod-borne like EHD
(Cantu et al., 2008; Medrano et al., 2012; Pérez
de Ledn et al., 2012; Feria-Arroyo et al., 2014).
Seroepidemiological data indicated EDHV
circulate among WTD in Texas and parts of
Mexico (Wilhelm and Trainer, 1966; Stallknecht
et al., 1996; Martinez et al., 1999). Known and
suspected Culicoides vectors of EHDV are
present in the south Texas — Northeastern
Mexico transboundary region (Smith and
Stallknecht, 1996; Sanchez-Rojas and Gallina,
2007; Huerta et al., 2012; Lozano-Rend6n et al.,
2015).

Our group investigated suspected EHD cases in

WTD that occurred in the state of Tamaulipas,
Mexico where cattle and WTD co-habit pastures.
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The results of our serological and molecular
studies documenting the infection of WTD with
EHDV are reported here. These findings are
discussed in the context of the need to adapt
current practices to minimize the risk of EHD
morbidity and mortality in livestock and WTD
populations.

MATERIAL AND METHODS

This study was approved by the Animal Ethics
committee of the Faculty of Veterinary Medicine
at the University of Tamaulipas, México
(Approval number CBBA-1520). Blood samples
from WTD were obtained according to good
animal handling practices and procedures set
forth by the same Animal Ethics committee, as
well as the wvarious samples in forensic
postmortem study in the field.

Blood samples were taken from 122 WTD that
were suspected of being afflicted by EHD in 9
municipalities of Tamaulipas state, Mexico.
Ninety-five samples were collected from WTD
residing in farms, and 27 samples were collected
from WTD that were either harvested or found
dead in the wild. Two samples were taken from
each animal using sterile vacutainer blood
collection tubes, blood for RNA extraction was
obtained in a tube containing EDTA as the
anticoagulant and a tube without anticoagulant
was used to obtain serum from the blood sample.
Both tubes were maintained at 4°C until arrival
at the laboratory. Serum was then separated by
centrifugation and stored at—20°C.

Samples of WTD liver, heart and spleen were
obtained from suspected cases of EHD for gross
pathology and histopathological —analyses.
Histological procedures were followed to
provide good quality sections for light
microscopic evaluation of animal tissue changes
associated with EHD (Ruder et al., 2016).
Tissues were fixed with neutral formalin 10%,
embedded in paraffin, and then manually
sectioned with a microtome to obtain 4-5 um-
thick paraffin sections. Dewaxed sections were
stained with hematoxylin and eosin (H&E).

Total RNA was extracted from WTD blood
samples using a commercially available kit
following  manufacturer’s recommendations
(Trizol® RNA purification Kit; Invitrogen
carlbad, CA, USA). The final RNA pellet was
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resuspended in 50pl of nuclease free water. RNA
concentration and purity were determined by
measuring the optical density at 260nm in a
JENWAY 6405UV/VIS spectrophotometer and
the extracted RNA stored at -80°C until use.

Serum samples were assayed for antibody titers
determined by antigen-specific indirect ELISA
using the EHDV Antibody Assay Kit (Bioo
Scientific, Austin, TX). The cut-off for positive
samples was set at an OD value of 0.4 at a 1:100
dilution of the serum sample following the
manufacturer’s instructions.

Total RNA was used for RT-PCR that was
performed in a final volume of 50ul using a
commercial kit according to manufacturer’s
instructions (Access RT-PCR system; Promega,
Madison, WI, USA). The oligonucleotide
primers used were EHDVFW 5-
ACWGGVATCATGTTTGAGCT and
EHDVRV 5 -TTCATAACCGCACCTTCATC-
3", which amplify a 105bp product of the NS1
gene encoded in EHDV genome segment 6
(Clavijo et al. 2010). An Applied Biosystems
2720 Thermal Cycler was used following the
manufacturer’s recommendations to run the RT-
PCR under these conditions: 45°C for 40min and
95°C for 10min; 35 amplification cycles with
denaturation at 95°C for 15s, annealing at 50°C
for 30s, extension at 72°C for 90s; and finally, an
extension at 72°C for 3min with termination of

the reaction at 4°C. The product was stored at
—20°C until further analysis.

RT-PCR products were loaded in a 1.5% agarose
gel, for electrophoresis. Subsequently, the gel
was stained using Diamond™ Nucleic Acid Dye
(Promega, Madison, WI, USA), visualized, and
photographed under ultraviolet light using an
ENDURO GDS gel documentation system
(LABNET).

RESULTS

Table 1 summarizes the results of the serological
analysis conducted on WTD from 9
municipalities  in  Tamaulipas, México.
Antibodies against EHDV were detected in 9.8%
(12/122) of the WTD tested. Seventy-five % of
the seropositive WTD were females (9/12), and
25% males (3/12). Females composed 75% of
the total number (92/112) of WTD sampled;
three samples were not included as seropositive
because they had antibodies titers very close to
the cut off value.

Seropositive cases appeared to cluster in the
northern municipalities of Nuevo Laredo and
Mendez. The municipality of Nuevo Laredo,
which had the largest number of seropositive
samples (7/12), borders south Texas. In general,
WTD from municipalities located in the southern
part of the state were seronegative.

Table 1. Epizootic hemorrhagic disease virus serological and molecular test results for white-tailed deer
from nine municipalities in the state of Tamaulipas, Mexico

Municipality Number of Number of Number of EI_-I-SA RT-P-CR

samples Males females Positives Positives
Burgos 4 4 0 0 0
Cruillas 9 9 0 1 1
Jiménez 1 1 0 0 0
Llera 2 1 1 0 0
Mendez 34 0 34 2 5
Nuevo Laredo 58 3 55 7 3
Padilla 1 1 0 0 0
San Carlos 1 0 1 0 0
Victoria 12 11 1 2 0
Total 122 30 92 12 9

Seven % of the WTD sampled were positive by
RT-PCR (9/122) (Table 1). The majority (89%)
of the PCR-positive samples were from females
(8/9). Only one male from the municipality of
Cruillas, which is located in the north-central
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part of the state, was PCR positive. PCR
amplicons with a molecular weight of 105bp
were considered positive (Figure 1). However,
this molecular assay does not identify the
serotype of the EHDV detected.

79



Merino et al.

M S1 S2

800 bp

600bp

400 bp

200 bp

S3 S4 S5

S6 S7 S8 S9 C-

Amplified
product

Figure 1. Detection of epizootic hemorrhagic disease virus nucleic acid in white-tailed deer from
Tamaulipas state, Mexico by RT-PCR. Photograph of agarose gel electrophoresis at 1.5% showing in
each lane (M): 1kb bases pair ladder; S2-S9: samples positive for 105bp fragment produced using primers
to amplify segment of EHDV non-structural protein 1; C: negative control (Double distilled water).

Sixteen% of the WTD sampled (20/122) were
positive for EHDV by ELISA, PCR, or both
(Table 2). Fifty-five% of the PCR positive
samples (5/9) were from group of 3.5-yr old
female WTD in Mendez municipality, which is
in the northeast sector of the state close to U.S
border. One of those female WTD (sample ID:
49) in Mendez municipality was ELISA and
PCR positive.

Significant gross pathology was noted in the
liver, heart, and lungs (Figure 2). These lesions
were reflected microscopically as evidence of
widespread microvascular damage, which is
consistent with the effects of replication in
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endothelium. Histopathological findings in the
liver included foci of mononuclear inflammatory
cell infiltrate, which was accompanied by mild
fatty degenerative change with formation of thin
vacuoles (Figure 3). Additionally, liver sections
in which diffuse moderate congestion was
observed corresponded histologically with mild
dissociation of hepatic cords, multifocal
hemorrhages, and discrete  inflammatory
infiltrate. Widespread hemorrhage with edema
and endothelial damage was observed in the
myocardium (Figure 4). Varying degrees of
myofibrillar  distension, with  myocardial
polymorphonuclear cell infiltration were also
observed in these sections.
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Table 2. Epizootic hemorrhagic disease virus positivity by ELISA or RT-PCR test for white-tailed deer
from the state of Tamaulipas Mexico

Deer age

Sample ID Municipality ELISA Result RT-PCR result (Years) Sex

D15 Victoria + - 4 Male

D18 Victoria + - 6 Male

D22 Nuevo Laredo + - 15 Female
D30 Nuevo Laredo + - 15 Female
D39 Nuevo Laredo + - 35 Female
D44 Mendez - + 35 Female
D45 Mendez + - 35 Female
D49* Mendez + + 35 Female
D65 Mendez - + 35 Female
D66 Mendez - + 35 Female
D71 Mendez - + 35 Female
D77 Cruillas + - 4.5 Male

D79 Cruillas - + 45 Male

D89 Nuevo Laredo + - 15 Female
D92 Nuevo Laredo + - 45 Female
D99 Nuevo Laredo + - 15 Female
D109 Nuevo Laredo - + 15 Female
D112 Nuevo Laredo - + 15 Female
D114 Nuevo Laredo - + 15 Female
D120 Nuevo Laredo + - 15 Female

*Single white-tailed deer that was ELISA and RT-PCR positive.

Figure 2. Deer with EHD had liver (A) with severe blood congestion and focal hemorrhages (arrows),
which were accompanied by severe blood congestion and hemorrhages (other arrows) in the lungs (B),
and multifocal epicardial hemorrhages and moderate edema (arrow head).
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Figure 3. Histopathological analysis of the liver reveled foci of mononuclear inflammatory cell infiltrate

(arrow), and mild fatty degenerative change noted in formation of thin vacuoles. H & E staining, Obj. 40x
Ocul 10/26. Bar=10 microns.
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Figure 4. A, B, C. in which the presence of severe bleeding (A, B, C)

congestion, severe endothelial damage is observed mild inflammatory infiltrate and discreet. H & E

staining Obj. 40x Ocul 10/26, Bar=10 microns.
DISCUSSION

This study documented for the first time the
detection of EHDV RNA from WTD in Mexico.
A previous study reported EHDV nucleic acid
amplification from Culicoides vectors in
Northeast Mexico (Lozano-Renddn et al., 2015).
These findings are in agreement with results
indicating that EHDV are endemic in parts of
Mexico.

EHDV reactive antibodies in WTD were
reported in Northeast Mexico, including the state
of Tamaulipas (Martinez et al., 1999). Big horn
sheep (Ovis canadiensis) where shown to be
exposed to EHDV in the state of Baja California,
which is part of another region in México where
known Culicoides vectors exist (Sanchez-Rojas
and Rojas-Martinez, 2007; Huerta et al., 2012).
Serological and nucleic acid assays are important
techniques to detect EHDV (Manual..., 2014).
Nucleic acid detection in one of the criteria
required for EHDV diagnosis. The RT-PCR
approach we took is regarded as a suitable
method to assess the prevalence of EHDV
infection in susceptible animals like WTD
(Clavijo et al., 2010; Manual..., 2014) ELISA
test like the one used in our study can be used for
diagnostic and surveillance research. The
detection of specific antibodies indicates
exposure to EHDV (Wilson et al., 2015) but the
serological test results reported here do not
confirm presence of viral antigen in WTD. If
WTD do not succumb to EHD, seroconversion
occurs around 10 days post-infection (Ruder et
al., 2015b). The results of serological and
molecular assays suggest that in addition to
WTD, livestock is also at risk of EHDV infection
in northeast Mexico.
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Taking into account previous studies and the
results presented here on EHD in WTD from
Texas and Northeast Mexico, it is hypothesized
that applying the transboundary disease approach
to research will help fill knowledge gaps on this
economically important disease of wildlife and
livestock (Esteve-Gassent et al., 2014; Maan et
al., 2016). The serodiagnosis of EHD in WTD
occurred in Texas not too long after the disease
was first reported in the U.S. in the 1950s (Shope
et al., 1960; Wilhelm and Trainer, 1966). The
apparent endemicity of EHDV in Texas and
Northeast Mexico seems to be associated with
differences in innate resistance to infection
between WTD populations, which may influence
EHD epidemiology (Stallknecht et al., 1996;
Martinez et al., 1999; Gaydos et al., 2002).
However, EHDV virulence, WTD herd
immunity, and Culicoides vector competency,
among other components of this economically
important disease system, remain to be fully
understood for the U.S.-Mexico transboundary
region.

As an arthropod-borne disease, the epidemiology
of EHD is influenced by climatic factors that
determine the abundance of infected Culicoides
vectors, which is a risk factor for EHD outbreaks
in WTD and livestock (Lozano-Rendén et al.,
2015; Stallknecht et al., 2015; Stevens et al.,
2015). Winds are a risk factor for the emergence
and re-emergence of EHDV infection in WTD
and livestock (Sellers and Maarouf, 1991; Kedmi
et al., 2010). However, the movement of viremic
livestock has been suggested to be a pathway for
the emergence of exotic EHDV in North
America (Allison et al., 2012).

In this study we sampled free-ranging and

captive WTD, Although the susceptibility to
EHDV can vary between subspecies of WTD
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(Gaydos et al., 2002) a protracted EHD outbreak
in the U.S. in 2012 apparently affected captive
and free-ranging WTD equally (Stevens et al.,
2015). However, the management of caprive
WTD facilitates the detection of lethaly
associated with an EHD outbreak in particular
area. Mortality is a risk for captive WTD when
kept in the same premises with other ungulate
species that undergo mild infection, which could
also serve as a source of EHDV (Nol et al.,
2010). Therefore, the presence of EHD can have
several implications for the livestock industry
and wildlife health (Allison et al., 2010; Cétre-
Sossah et al., 2014; Stevens et al., 2015).

Mexico falls within the predicted global range of
EHDV between latitudes 35°S and 49°N
(McVey et al., 2015). But, Savini et al. (2011)
reported the infection status of Mexico as
unknown. Together with previous results, this
report documenting the detection of EHDV RNA
in WTD from Tamaulipas state support the
hypothesis that EHDV are endemic in the
Northeast Mexico-US transboundary region. It
appears that, like in the U.S., addressing
knowledge gaps through interdisciplinary
research will help develop countermeasures
(Lozano-Rendon et al., 2015; Pfannenstiel et al.,
2015; Ruder et al., 2015b), which could mitigate
the threat of EHDV infection on wildlife and
livestock in Mexico.

CONCLUSIONS

Results reported in this study documented for the
first time the detection of EHDV RNA in deer
from the northeast area of Mexico. According to
the World Organization for animal health the
technique reverse transcriptase polymerase chain
reaction (RT-PCR) technique can be used for
laboratory diagnosis, but the results may be
difficult to interpret because EHDV nucleic acid
may persist in blood of deer much longer than
infectious virus. Mexico is located within the
geographic range of EHDV and the detection of
nucleic acids in the insect was reported in
northeast Mexico. Thus, the results reported here
support the presence of EHDV in Mexico, which
highlights the need for further research to
develop EHD countermeasures to protect
livestock and wildlife health. All authors declare
that there are no financial or other relationships
that might lead to a conflict of interest. All
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