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EPIZOOTIC HEMORRHAGIC DISEASE OUTBREAK IN A CAPTIVE
FACILITY HOUSING WHITE-TAILED DEER (ODOCOILEUS
VIRGINIANUS), BISON (BISON BISON), ELK (CERVUS ELAPHUS),
CATTLE (BOS TAURUS), AND GOATS (CAPRA HIRCUS)

IN COLORADO, USA

Pauline Nol, D.V.M., ML.S., Ph.D., Cecilia Kato, Ph.D., Will K. Reeves, Ph.D., Jack Rhyan, D.V.M.,
ML.S., Terry Spraker, D.V.M., Ph.D., Dipl. A.C.V.P., Thomas Gidlewski, D.V.M., M.S., Kurt
VerCauteren, Ph.D., and Mo Salman, B.V.M.S., M.P.V.M., Ph.D., Dipl. A.C.V.P.M.

Abstract:  An ungulate research facility in Fort Collins, Colorado, USA, experienced mortality in white-tailed
deer (Odocoileus virginianus) because of epizootic hemorrhagic disease virus (EHDYV) infection from 20 August
2007 through 26 September 2007. Epizootic hemorrhagic disease virus (EHDV) was detected by reverse
transcriptase polymerase chain reaction and virus isolation from the spleen and lung tissues of two white-tailed
deer. Virus neutralization tests were performed on pre- and postoutbreak sera from other species maintained in the
same facility, including bison (Bison bison), elk (Cervus elaphus), domestic cattle (Bos taurus), and domestic goats
(Capra hircus), as well as postoutbreak sera from the surviving white-tailed deer. Serum samples that represented all
species in the facility neutralized EHDV-1 and EHDV-2 either before or after the outbreak. The animals that
neutralized EHDV-1 did not neutralize EHDV-2. No clinical signs attributable to EHDV infection were noted in
any of the species other than the deer during the outbreak. Although experimental EHDV infections have been
reported in bison and elk, natural exposures have not been previously documented in these species in North
America. The roles that elk, bison, cattle, and goats might play in the epidemiology of EHDYV in a close-contact
multispecies situation remain unknown.

Key words: Bison, Bison bison, cattle, Bos taurus, elk, Cervus elaphus, epizootic hemorrhagic disease, goat,
Capra hircus, white-tailed deer, Odocoileus virginianus.

INTRODUCTION reportable Multiple Species List disease. Infection
by EHDV, of which there are three North
American serotypes, EHDV-1, EHDV-2, and
EHDV-6, can cause significant morbidity and
mortality in free-ranging and captive white-tailed
deer (Odocoileus virginianus)."*'* Clinical signs of
EHD in white-tailed deer are highly variable.
Initial signs can include depression, fever, respi-
ratory distress, and, sometimes, rapid death.”
Animals that do not die of acute disease can
develop a chronic form of EHD typified by
lameness and continued lethargy and inappetence
as a result of hoof deformation and ulceration
within the rumen and the gastrointestinal tract.”
EHD is clinically indistinguishable from disease
caused by bluetongue virus (BTV) infection in
cervids.''* Laboratory infections by EHDYV have
been reported in ungulates found in North
America, such as American bison (Bison bison),

Epizootic hemorrhagic disease virus (EHDV)
(Orbivirus: Reoviridae) is an arbovirus transmit-
ted by Culicoides spp. (Diptera: Ceratopogoni-
dae)."? Epizootic hemorrhagic disease (EHD) is a
World Organization for Animal Health (OIE)
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and elk (Cervus elaphus subsp.), in addition to
white-tailed deer.'>?¢ Natural infections occur in
mule deer (Odocoileus hemionus subsp.), prong-
horn antelope (Antilocapra americana), bighorn
sheep (Ovis canadensis subsp.), cattle (Bos taurus),
goats (Capra spp.), and sheep (Ovis
es).>10.1619.2227 Qimijlar to white-tailed deer, clini-

ari-
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cal signs of EHDYV infection in these species vary
greatly, depending on the species and individual
host. Many exotic ungulates that have been
introduced to North America are susceptible to
EHDV, including Oryx spp., and various deer
species.'**” The aim of this article is to describe an
outbreak of EHD and document exposure to
EHDYV in several species being held in a research
facility at Colorado State University.

Description of the facility

The Colorado State University, Animal Popu-
lation Health Institute/U.S. Department of Agri-
culture, Animal and Plant Health Inspection
Service Wildlife Research Facility occupies ap-
proximately 2.6 ha and is located in Fort Collins,
Colorado 80521, USA (Lat: 40°35'23"N; Long:
—105°8’'58"E). Species held in this facility at the
time of the 2007 outbreak included white-tailed
deer, elk, bison, cattle, and goats.

Initial outbreak and index cases

On 20 August 2007, a 2-yr-old female white-
tailed deer was found dead in its pen; there was no
history of illness. The deer was part of a hand-
raised captive herd of 12 animals that were
obtained as fawns from a captive herd in
Missouri, USA. At necropsy, lesions included
severe edema of the lungs, with a prominent
reticular pattern in all lobes. The chest cavity
contained approximately 1 L of serosanguineous
fluid. The serosal surface of the jejunum was
multifocally and variably dark red, with moderate
amounts of intraluminal dark red fluid. Tissues
were submitted to Colorado State University for
further diagnostics. Microscopic findings includ-
ed pulmonary edema, with fibrinoid necrosis of
the vessel walls; lymphoid depletion (primarily B
cells) and congestion of the spleen; and endothe-
lial swelling and edema of the small arterioles of
the heart, as well as in the arcuate and interlobular
arteries of the kidney. Other tissues examined
included the cerebral retes, cerebrum, corpus
striatum, pituitary gland, Gasserian ganglia,
tongue, soft palate, tonsil, abomasum, duode-
num, rumen, urinary bladder, and liver. The liver,
tonsil, and soft palate exhibited congestion but no
other lesions. There was no histologic evidence of
mononuclear cell accumulation or other evidence
of malignant catarrhal fever-causing herpes vi-
ruses in any of the tissues examined. No histologic
evidence of bacterial pneumonia was detected.
Because intestinal hemorrhage was suspected,
tests were performed for Clostridium spp. and
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Salmonella spp.; however, neither genus was
isolated on fecal culture. There was mixed growth
on aerobic fecal culture. The laboratory obtained
a weak positive for Clostridium perfringens toxin.
Reverse transcriptase polymerase chain reaction
(RT-PCR) performed on spleen tissue was posi-
tive for EHDV and negative for BTV. Based on
the PCR results and lesions that were highly
suggestive of EHD, the diagnosis regarding the
cause of mortality in this deer was EHDV
infection.'”? On 16 and 26 September 2007, two
more white-tailed deer, respectively, were found
dead, with similar pathologic findings. Beginning
on 15 August 2007, a bull elk was observed to be
lethargic for several days but appeared to recover.
The elk was euthanized on 10 October 2007
because of traumatic injuries.

Sample types and collection methods

Before the outbreak, sera from the goats (n =
19), elk (n = 13), cattle (n = 11), and bison (n = 7)
were collected on 4 April 2007 (138 days before the
outbreak) (goats), 6 July 2007 (45 days before the
outbreak) (elk), and 11 July 2007 (40 days before
the outbreak) (cattle and bison) for other reasons.
The same animals and several additional elk were
resampled after the outbreak, on 4 October 2007
(8 days after the outbreak) (goats and elk), and 5
October 2007 (9 days after the outbreak) (cattle
and bison). Sera were collected from the remaining
white-tailed deer (n = 9), on 15 November 2007
(50 days after the outbreak); however, no samples
from the white-tailed deer were available from the
preoutbreak period. In addition, spleen and lung
tissue were collected from two white-tailed deer,
not including the index case, that died on 16 and
26 September 2007, respectively, and from one elk
that was euthanized on 10 October 2007 because
of severe injuries.

Testing procedures

Both pre- and postoutbreak sera were tested in
quadruplicate for antibodies against EHDV at
the USDA/ARS Arthropod-Borne Animal Dis-
ecases Research Laboratory by virus neutraliza-
tion by using the protocol described previously
for EHDV-1 and EHDV-2.2% All sera were
diluted 1:10 in minimal essential media. The
animals were considered positive if their sera
neutralized EHDYV on all replicates. Virus isolates
from the lung of an affected deer were neutralized
by using the same protocol.

Total ribonucleic acid (RNA) was extracted
from the spleen and lung tissue of three white-
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tailed deer and one elk by using an RNeasy Kit
(QIAGEN, Valencia, California 91355, USA).
The RNA was eluted in 30 ul of nuclease free
water by using the manufacturer’s protocol. The
extracts were then screened for RNA from EHDV
by RT-PCR by using the reaction conditions
described previously.®* Additional RT-PCR was
conducted on the positive samples by using the
same thermocycling conditions with primers
EHDv63-F1 (5'-AACAGTTACTACGCAAAT
CA-3") and EHDv245-R1 (5-AGCCATTT
CAGCCAATCT-3") to amplify a portion of the
NS1 gene. A positive control that consisted of
RNA extracts from cultured EHDV-1 and
distilled water negative controls were used. The
PCR products were separated by 3% agarose gel
electrophoresis and visualized under ultraviolet
light with GelStar (Cambrex BioScience Rock-
land, Inc., Rockland, Maine 04841, USA). The
PCR products were purified with a QIAquick
PCR Purification Kit (QIAGEN) and sequenced
by using a BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, Foster City,
California 94404, USA) by using PCR primers.
Sequences were determined by using an ABI 3700
capillary sequencer (Applied Biosystems), aligned
and assembled with Chromas Lite 2.01 (Techne-
lysium Pty. Ltd., Tewantin, Queensland, 4565,
Australia) and ClustalW (Kyoto University
Bioinformatics Center, Institute for Chemical
Research, Kyoto University, Uji, Kyoto, 611-
0011, Japan), and were compared with sequences
in GenBank by using the BLAST 2.0 program
(National Center for Biological Information,
Bethesda, Maryland 20814, USA).

The RNA extracts were screened for the
presence of BTV by real time RT-PCR by using
primers BTV-11F (5-GTCGCTGCCATGCT
ATCC-3") and BTV-246R (5'-CGTACGATGC
GAATGCAG-3’) and a probe BTV-pl (5'-HEX-
GCTGATCCAAAGGTTCGA-BHQI1-3") (IDT
Inc., Coralville, Iowa 52241, USA). These prim-
ers target the BTV NS3 protein (S10). Reactions
were prepared by mixing 2.5 ul of template RNA
in a 96-well optical reaction plate (Applied
Biosystems) with 0.5 ul of both forward and
reverse primers (100 umol stock concentrations).
The mixture was denatured at 95°C for 3 min and
then chilled. A Tagman one-step RT-PCR
Master Mix (Applied Biosystems) was used.
The PCR master mix for each reaction was
12.5 ul of 2X master mix, 0.625 ul of 40X
MultiScribe (Applied Biosystems), 8.6 ul of
RNase free water, and 0.1 ul of BTV-pl (stock
concentration 100 pumol). Reaction conditions
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were 50°C for 30 min, 95°C for 10 min, and 40
cycles of 95°C for 30 sec, 52°C for 30 sec, 72°C
for 1 min. The positive control consisted of
double stranded RNA (dsRNA) from BTV-22
and distilled water as the negative control.

Virus isolation was attempted in triplicate from
spleen and lung tissues positive for EHDV by
RT-PCR. Approximately 500 mg of tissue was
homogenized by using the protocol described
previously for Culicoides spp.'® One milliliter of
tissue homogenate was then placed on 100 ul of
cattle pulmonary artery endothelial (CPAE) cells
(2.5 X 10° cells/ml). All the cells were incubated at
37°C with 5-6% carbon dioxide for 7 days. The
cells were checked for cytopathic effect after 48 hr
and 7 days. RNA was extracted from wells that
showed cytopathic effect, and homogenate from
these wells was passed to fresh CPAE and Vero
cells. The RNA was tested for EHDV by RT-
PCR as described above. The PCR products were
purified with a QIAquick PCR Purification Kit
(QIAGEN). Duplicate sequencing reactions were
performed with a BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems) by using
PCR primers, and excess dye was removed with a
DyeEx 2.0 column (QIAGEN). Sequences were
determined by using an ABI 3100 capillary
sequencer (Applied Biosystems). Primer sequenc-
es were removed, and sequences were assembled
with Seqmerge (Accelrys, San Diego, California).
Assembled sequences were compared with those
in GenBank by using the BLAST 2.0 program
(National Center for Biological Information).
The complementary DNA (cDNA) sequence
from the NS3 gene of EHDV-2 was deposited in
GenBank (EU595029).

Serology results

Preoutbreak sera from nine goats, four bison,
and one cow neutralized EHDV-1 and preout-
break sera from one cow and three elk neutral-
ized EHDV-2. Postoutbreak sera from three
goats, three elk, and one deer neutralized
EHDV-1. Postoutbreak sera from seven goats,
one deer, two elk, three bison, and two cattle
neutralized EHDV-2 in all four virus neutraliza-
tion replicates. None of the animals that neutral-
ized EHDV-2 after the outbreak neutralized
EHDV-1 after the outbreak. Two of the three
elk that were seropositive for EHDV-2 before the
outbreak lost neutralizing antibodies. None of
the goats seropositive for EHDV-1 before the
outbreak were positive for EHDV-1 after the
outbreak. Data are summarized in Table 1. The
euthanized elk with a history of clinical illness
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Table 1.
the number of animals tested for each species.®
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Number of animals positive by serum neutralization for antibody against EHDV-1 and EHDV-2 over

EHDV-1 EHDV-2
Preoutbreak Postoutbreak Preoutbreak Postoutbreak
Cattle 1/11 0/11 1/11 2/11°
Bison 4/7 0/7 0/7 3/7
Goats 9/19 3/19¢ 0/19 7119
Elk 0/13 3/19 3/13 2/19v4
White-tailed deer N/A 1/9 N/A 1/9

*EHDYV, epizootic hemorrhagic disease virus; N/A, not applicable.

®One animal in the group was seropositive at both sample events.

¢ Goats seropositive for EHDV-1 in the postoutbreak period were not the same as those seropositive in the preoutbreak period.
9 One seropositive animal in the group was not sampled in the preoutbreak period.

was among those positive for neutralizing anti-
bodies for EHDV-2 in preoutbreak serum but not
in postoutbreak serum.

Molecular analysis and virus isolation results

By using RT-PCR, cDNA was amplified from
EHDV from spleen and lung tissue of the two
white-tailed deer that died on the 16 and 26
September 2007, respectively. Epizootic hemor-
rhagic disease virus (EHDV) was isolated on
CPAE cells from the spleen of the animal that
died on 16 September 2007 and from both lung
and spleen from the animal that died on 26
September 2007. No other viruses were isolated.
Virus isolated from the lung tissue was neutral-
ized by antisera against EHDV-2 but not EHDV-
1. The viruses isolated from the spleens could not
be maintained in cell culture long enough to
perform neutralization testing. The NS3 and NSI
gene sequences were identical between the spleen
and lung tissues of the animals and >99% similar
to previously sequenced isolates of EHDV-2
(AY714647, X59000) in GenBank. The 2 base
pair differences in the NS3 sequence were silent
mutations and did not change the predicted
amino acids sequence, which was identical to
that of EHDV-2. No cDNA from EHDYV could
be amplified in the spleen from the euthanized elk
bull nor was virus isolated from this tissue.

DISCUSSION

To the authors’ knowledge, this is the first
report of serologic evidence of natural exposure
to EHDYV in elk and bison. Although antibody
production against EHDV has been reported in
both species after experimental infection, sero-
logic and viral evidence of natural infection of
EHDYV in these two species in North America
have not been previously documented in the

published literature. Unpublished cases of EHDV
in elk have been reported by cervid farmers
(Reeves, pers. comm.).'>* Numerous outbreaks
of EHDV-2 occurred during 2007 throughout
North America. Some affected regions were areas
where the disease had previously never been
reported (D. E. Stallknecht, 2008, unpubl. data).
Serologic surveys for EHD have been performed
in wild populations of North American elk;
however, to date, the presence of antibodies to
EHDYV has not been detected.*!>!¢ Similar to elk,
evidence of exposure to EHDV in wild bison
herds has been investigated but not confirmed,
although antibodies to BTV have been docu-
mented in free-ranging bison.**

It is possible that, in a captive setting with
multiple species, such as that at the Wildlife
Research Facility, bison and elk, in addition to
cattle, may have served as asymptomatic sources
of the virus to more susceptible species, such as
white-tailed deer. There is experimental evidence
that infection and viremia can occur in both
bison and elk. In a previous study in which elk
were experimentally inoculated with EHDV, the
investigators found red blood -cell-associated
virus up to 30 days after infection.’” Aside from
mild fever in one elk, they found no other clinical
signs associated with this experimental infection.
In an unrelated study, the investigators describe
inadvertently infecting bison with EHDV during
an experimental BTV infection trial, wherein one
of the six bison in the experimental trial became
viremic with EHDV. The inocula had been
provided by the Arthropod-Borne Animal Dis-
eases Research Laboratory, which later verified
contamination of its laboratory stocks with
EHDV-2.*¢ As with elk, no clinical signs were
noted from either BTV or EHDV infection in
bison, although the potential effects of coinfec-
tion on this outcome remain unclear. Cattle are
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susceptible to EHDYV infection and, in rare cases,
suffer severe disease.” Cattle are frequently used
as sentinels for EHDV, BTV, and other orbivi-
ruses because they can sustain subclinical infec-
tions and seroconvert, and are capable of
amplifying virus.? It is possible that cattle serve
as a source or reservoir of virus during outbreaks
of disease in deer or other susceptible species. As
expected, cattle housed at the Wildlife Research
Facility did not exhibit any clinical signs of EHD,
although they potentially contributed to the
epidemiology of the outbreak.

The reason for loss of neutralizing antibodies
in the cattle, elk, bison, and especially in the
goats, is currently unknown. The lack of evidence
of coinfection with EHDV-1 and EHDV-2 is also
interesting, because the neutralization data indi-
cate some activity of both viruses, although
EHDV-1 could not be isolated from any of the
affected animals. The animals seropositive for
EHDV-1 before the 2007 EHDV outbreak were
likely exposed to EHDV-1 in the previous year(s)
and could have experienced a waning of antibody
to below the assay detection level by the
postoutbreak period and then may have avoided
any further exposure. Those animals that appar-
ently developed neutralizing antibodies to sero-
type 1 may have been experiencing new infec-
tions, or there is a possibility that the assay was
detecting cross-reactive antibodies, particularly at
the 1:10 dilution level.”** Recent evidence of
novel Orbivirus infections in European goats
could make serology in this species difficult to
interpret without obtaining virus isolations,®
which were not done in this study. Viremia in
goats has yet to be documented, even in an
experimental setting, although antibodies to
EHDV have been detected. Some goats are
considered refractory to EHDV infection but
that is not considered true for all goat breeds.”” In
a study conducted in goats in Georgia (USA), a
low seroprevalence of EHDV was reported;
however, these animals were tested with an assay
that is known to cross-react with antibodies to
other orbiviruses, e.g., BTV.%?!

The 2007 outbreak of hemorrhagic disease
caused by EHDV-2 in white-tailed deer in a
captive research facility created a unique oppor-
tunity to explore serologic data from multiple
species in close proximity to the affected deer.
The results indicated that natural exposures to
EHD viruses occurred in goats, elk, bison, and
cattle, likely in years previous to the outbreak as
well as during the outbreak. The roles these
seroconverting species might have played in the
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transmission of the viruses are unknown. Con-
trolled investigations that involve experimental
EHDYV infection and transmission would allow
researchers to examine more closely the potential
of these species to participate in the epidemiology
of this disease.
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