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ABSTRACT: Our objectives were to examine the immunity conferred by epizootic hemorrhagic

disease virus serotype 2 (EHDV-2) infection in white-tailed deer (Odocoileus virginianus) and
determine if this immunity was protective during challenge with homologous (EHDV-2) or het-
erobogous (bluetongue virus serotype 10; BTV-10) virus. Trials were conducted in the fall of 1992

and 1993. In the first experiment, naive white-tailed deer were infected intradermally and sub-
cutaneously with EHDV-2 and monitored via physical examinations, complete blood counts, a

and �3 interferon (IFN) assays, viral isolation, and serology. Infected deer had a wide range of
clinical signs in response to infection. Eleven of the 16 deer had body temperature elevations

�O.5 C between post-infection day (PID) 4 and 8. Infected deer had decreased lymphocyte

counts between PID 6 and 10 that returned to normal levels by PID 17. Severely lymphopenic
animals had the most severe clinical signs; five of 10 deer with lymphocyte counts less than 1000

cells/p.l succumbed to the infection. Viremia was detected in all 16 EHDV-2 infected animals by

PID 4, and peak viremias occurred between PID 4 and PID 10. Three deer remained viremic
until PID 56, the study endpoint. Interferon was first detected between PID 2 and 6. Peak a

and �3 IFN levels coincided with peak viremia in 1 1 deer. Precipitating and neutralizing antibodies
were detected in infected deer by PID 10. In the second experiment, convalescent deer were

challenged subcutaneously and intradermally with either EHDV-2 or BTV-10 and similarly mon-
itored. Virus was detected in the blood of all four deer challenged with BTV-10, but viremia was
not detected in three EHDV-2-challenged deer. Temperature fluctuations, blood cell parameter

changes, and IFN and antibody responses seen in BTV-l0-challenged deer were similar to those

seen in the initial experiment. Deer challenged with EHDV-2 had mildly increased temperatures,

but minimal IFN response and lymphocyte alterations.

Key words: Experimental infection, epizootic hemorrhagic disease virus, EHDV, bluetongue
virus, BTV, white-tailed deer, Odocoileus virginianus, humoral immunity, interferon

INTRODUCTION

Hemorrhagic disease of white-tailed

deer (Odocoileus virginianus) and other

wild ruminants is caused by orbiviruses in

the epizootic hemorrhagic disease virus

(EHDV) and bluetongue virus (BTV) ser-

ogroups. Epizootic hemorrhagic disease vi-

rus serotypes 1 and 2 (EHDV-1, EHDV-2)

and BTV serotypes 2, 10, 11, 13, and 17

(BTV-2, BTV-10, BTV-1 1 , BTV-13, and

BTV-17) may act either singly or concur-

rently causing morbidity and mortality, not

only in white-tailed deer but also in other

wild and domestic ruminant species.

Based on prevalence estimates using pre-

cipitating antibodies, exposure to EHDV

and BTV appears to be is widespread in

white-tailed deer populations in the south-

eastern United States (Stallknecht et al.,

1991); EHDV-2 is enzootic throughout

much of the region with occasional sero-

logic evidence of EHDV-1 and BTV se-

rotypes (Stallknecht et al., 1995). Epizo-

otics may be related to low herd immunity

combined with the periodic introduction

of disparate serotypes of EHDV or BTV

in susceptible populations of deer (Stallk-

necht et al., 1995).

While the resultant clinical signs and le-

sions are well-described (Hoff and Trainer,

1978), little is known about host defense

mechanisms of white-tailed deer infected

with either EHDV or BTV, or how the im-

mune response is modulated by subse-

quent infections with other serotypes of

EHDV or BTV as can occur under natural
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conditions. The available information from

experimental challenge infections is con-

flicting and limited in scope. Vosdingh et

al. ( 1968) indicated that two white-tailed

deer that survived BTV infection were im-

mune to EHDV. Yet when Hoff and Train-

er (1974) inoculated an EHDV-vaccinated

deer with BTV and a BTV-vaccinated deer

with EHDV, both animals became ill with

signs compatible with hemorrhagic dis-

ease. Interferon (IFN) production in deer

has not been evaluated yet a and 13 IFNs

are recognized as potent antiviral agents

that are important in the initial antiviral

response in BTV-infected sheep (Foster et

al., 1991) and cattle (MacLachlan and

Thompson, 1985).

Our objectives were to evaluate the

temporal relationship between clinical re-

sponse, viremia, a and �3 IFN production,

and antibody response in naive white-

tailed deer infected with EHDV serotype

2 (EHDV-2). Subsequently, these same

host defense parameters were measured

after convalescent deer were challenged

with homologous (EHDV-2) or heterolo-

gous (BTV-10) virus to determine if the

immunity conferred by the initial

EHDV-2 infection was protective.

MATERIALS AND METHODS

Twenty-two hand-raised, 3-to-4-mo-old
white-tailed deer fawns obtained from the

North Carolina (USA) Wildlife Resources

Commission were used in the study. Deer

ranged in weight from 9. 1 to 13.6 kg (median
= 11.6 kg) with 11 males and 11 females. Prior

to the beginning of the study, all fawns were
determined to be serologically negative to
EHDV and BTV via agar-gel immunodiffusion
(AGID) test kits as described by the manufac-

turer (Veterinary Diagnostic Technology, Inc.,
Wheatridge, Colorado, USA). Animals were

housed indoors to prevent contact with Gnu-
coides spp. vectors.

The study was divided into two trials that
were conducted from September to November

of 1992 and 1993. Ten deer were used in 1992
and 12 deer were used in 1993. In the first

experiment in each trial, eight deer were in-
fected with EHDV-2, and two deer served as
uninfected sham-inoculated controls. In the
second experiment, which was conducted after
28 days, surviving convalescent deer were di-

vided into two groups. In 1992, three of the
five surviving convalescent deer were chal-

lenged with EHDV-2 while two deer served as
convalescent controls. In 1993, four surviving
convalescent deer were challenged with

BTV-10 and two deer served as convalescent
controls. The two uninfected control animals
from each year were monitored throughout the

trial. In 1993, two additional fawns were held
until the challenge infection to test the BTV-10

inoculum.
Deer were sampled for a total of 56 days (28

days in each trial). During both experimental

infections, animals were manually restrained

every other day for the first 14 days and bi-
weekly thereafter for physical examination;

body temperature evaluation; and blood coblec-
tion for complete blood counts, viral isolation,
IFN assays, serology, and blood coagulation

analyses. Complete blood counts were per-

formed on a Baker System 9000 automated cell
counter (Baker Instrument Corporation, Allen-
town, Pennsylvania, USA). Parameters evalu-
ated included white blood cell counts, red

blood cell counts, and hematocrits. The white

blood cell differential counts were performed
manually. From post-infection day (PID) or
post-challenge day 4 to 10, body temperatures
were taken daily via digital thermometer rec-

tally. All blood collections were done via jugular

venipuncture. Samples were collected at ap-
proximately the same time daily to reduce any
diurnal variation in blood component valises.

Additional blood was taken weekly for studies
of cell-mediated immunity. Hemostasis studies
and cell-mediated immune function will be re-
ported elsewhere. All surviving animals were

euthanized with sodium pentobarhital at 1 m115
kg (Butler Company, Columbus, Ohio, USA)

and necropsies were performed after 8 wk.
The EHDV-2 inocubum for the initial infec-

tions was prepared from an EHDV-2 isolate
obtained from a white-tailed deer lymph node

cultured on baby hamster kidney cells (BHK21
cells) (American Type Cell Culture, Rockville,
Maryland, USA). The original isolate was oh-
tamed from a white-tailed deer submitted to
Southeastern Cooperative Wildlife Disease
Study as a diagnostic case from Clarke County,
Georgia USA, in 1990. To prepare the inocu-
lum, a serologically negative yearling white-

tailed deer was subcutaneously inoculated with
2.2 ml of a sonicated BHK91 cell suspension

containing 108 u 50% tissue culture infective
doses (TCID50). On PID 6 and 7, blood from

this infected animal was collected in sodium ci-
trate and pooled. Blood cells were washed and
resuspended three times with Dulbecco’s phos-
phate-buffered saline (DPBS), sonicated, and
frozen in multiple aliquots at -70 C. The viral
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titer of the resulting EHDV-2 inoculum, as de-

termined by endpoint titration, was i0��
TCID50 per ml. The inoculum used in the ho-
mologous challenge experiment was similarly
prepared by giving 10 ml of blood from the first
deer subcutaneously to a second serologically
negative yearling white-tailed deer. On PID 5,

6, and 7, blood from this second deer was col-
bected and processed as described. The titer of

that second inoculum was 10�.0 TCID50 per ml.

The inoculum used in the heterologous viral
challenge was prepared by giving BTV-10-in-
fected blood from an experimentally infected
deer to a third serobogically negative white-

tailed deer. Blood was collected and aliquoted
as described for the EHDV-2 inocula. The titer
of the BTV-1O inoculum was 10�� TCID50 per
ml.

In both experiments, deer were sedated with
0.5 mg/kg xylazine (Rompun’t, Miles, Inc.,
Shawnee Mission, Kansas, USA), and the in-

oculation sites were clipped. Approximately

half of the 10 ml inoculum was administered

subcutaneously and half intradermally at mul-
tiple sites along the both sides of the neck.
Control animals were similarly inoculated with
uninfected deer blood that had been washed
and sonicated.

For virus isolation, blood samples collected
in acid citrate were washed three times with
DPBS, then sonicated. Samples were diluted 1:
10 in minimal essential media (MEM) and ad-

sorbed onto BHK21 cell cultures for 1 hr at
33.5 C. Monolayers were washed with DPBS

and overlaid with maintenance media consist-
ing of MEM supplemented with 3% heat-in-

activated fetal bovine serum (FBS), 200 mM/I
L-glutamine, and antibiotics (100 U penicillin,
0. 1 mg dihydrostreptomycin, and 0.25 �g am-
photericin B/mb) (Sigma Chemical Company,

St. Louis, Missouri, USA). Cultures were in-

cubated in 5% CO2 at 33.5 C. After 7 days,

cells were scraped and 100 p.b of cell suspension

were inoculated onto an additional BHK21 cul-

ture. Cultures with no cytopathic effect after 7

days in the second passage were considered
negative.

Viral titers of positive blood samples were

determined by endpoint titration on BHK21
cells. All titrations from an individual animal
were done on the same day, and included sam-
ples collected 1 day before the initial virus iso-
lation to 1 day after the final virus isolation.

Blood was diluted 1:10 in maintenance media

(as described) and sonicated. Ten-fold dilutions

were made up to 106 and 100 p.1 of each di-

lution were placed in four wells of a 48-well
plate. Each well was seeded with 1 ml of main-
tenance media and approximately 5 X iO’�
BHK21 cells. Plates were incubated for 7 days

at 33.5 C in 5% CO2. On day 7, individual wells
were scraped and 100 p.l of cell suspension
were passed into another 48-well plate for an

additional 7 days. Titers were calculated as de-
scribed by Reed and Muench (1938).

All isolated viruses were identified by virus
neutralization against all North American

EHDV and BTV serotypes. Infected tissue cul-

ture media from culture attempts with a cyto-
phatic effect were diluted 1:10 in maintenance

media, and 25 p.l were inoculated into eight
wells of a 96-well tissue culture plate. Each of

seven wells were inoculated with 25 pi of a 1:
10 dilution of heat-inactivated bovine antisera
to BTV-2, BTV-10, BTV-11, BTV-13, BTV-17,

EHDV-1 or EHDV-2 (National Veterinary Ser-
vices Laboratory, Ames, Iowa, USA). The final

well served as a positive control and received
25 �.d of maintenance medium. Plates were in-

cubated for 2 hr at 37 C in 5% CO2. and 150
p.l (approximately 1 X iO’� cells) of cattle pul-

monaiy artery endothelial (CPAE) cells (Amer-
ican Type Cell Culture) were added to each

well. Plates were read from 48 to 72 hr to de-
tect cytopathic effect.

Primary cell cultures were prepared from fe-
tal white-tailed deer kidneys via trypsin diges-

lion for use in the IFN assays. A white-tailed
deer fetus was obtained within 1 hr of the
death of the female. Kidney sections weighing

approximately 2 g were minced into 1 mm2
pieces and washed three times in 37 C DPBS.

The tissue was then placed in 30 ml of a 0.25%

trypsin solution (Sigma Chemical Company)
maintained at 37 C and stirred for 10 mm. The
resultant supernatant was harvested and re-

tinned at 4 C. The volume was replaced with
37 C trypsin solution and the samples were

again stirred. This process was repeated four
times. The resultant cell solution was centri-

fuged at 1000 X G for 10 mm. The cell pellet
was resuspended in 25 ml of MEM supple-

mented with 10% FBS and antibiotics (as de-
scribed). Cell aliquots were frozen at -70 C in

cell freezing media with dimethyl sulfoxide
(Sigma Chemical Company) and stored in liq-

uid nitrogen vapor pending use. Upon thawing,
the growth media for cells was MEM-supple-
mented with 10% FBS, 200 mM/I L-glutamine,

1 X 106 U/I penicillin, and 10 mg/i dihydro-
streptomycin. Cell cultures were incubated at
37 C in 5% CO2. Cell cultures used in the IFN

assay were fourth to sixth passage.
The a and �3 IFN was quantitated using a

microtiter assay of cytopathic effect as de-
scnbed by Lewis (1987), with vesicular stoma-
titis virus (VSV) (New Jersey serotype; National
Veterinary Services Laboratory) as the indicator
virus. Prior to assay, serum samples were dia-
lyzed overnight at 4 C in pH 2 acetic acid in
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distilled water to destroy inciting virus and to
eliminate gamma IFN activity (Joklik, 1991).

Samples were redialyzed overnight at 4 C in
DPBS to pH 7.2. Selected undialized samples
were measured for gamma IFN activity to in-

sure inactivation. Duplicate two-fold dilutions

of sera in MEM from 1 :2 to 1: 1024 were made

in 96-well plates. All samples from an individ-
ual deer were run at the same time. Human

recombinant a IFN (Hoffman-LaRoche, Inc.,
Nutley, New Jersey, USA), which was active on

deer cells, was used at an initial concentration
of 100 U/mb as a positive control in the assay.

Fetal deer kidney cells were added at approx-
imateby 3 x io� cells/webb and plates were in-

cubated for 24 to 30 hr at 37 C in 5% CO2

until cells were confluent. Well supernatants

were removed and cell monolayers were

washed with sterile DPBS. Vesicular stomatitis

virus-NJ diluted in 100 �b of cell growth media
was added at iO� TCID.�/well, and plates were

incubated until virus control wells had 100%
cytopathic effect (24 to 48 hr). Well superna-

tants were decanted, cell monolayers were

rinsed with tap water then stained as per Mea-

ger (1987) for 30 mm with 0.1 mI/well of a
0.05% amido black in 9% acetic acid and 0.1

M sodium acetate solution. The cells were then
fixed for 15 mm with 0. 1 mI/well of a 10%
formaldehyde in 9% acetic acid with 0. 1 M so-

dium acetate solution. Plates were rinsed with

tap water and air dried. To allow for measure-
ment of optical densities via a spectrophotom-

eter, the dye was extracted for 5 mm with 150
p.1/well of a 50 mM sodium hydroxide solution.
Plates were read via an ELISA microplate

reader set at 600 nm. Cell staining and artifac-

tual disturbances in cell monolayers were eval-

uated manually. Interferon titers were ex-
pressed as the reciprocal of the dilutions that

caused a 50% protection from cytopathic effect

in cell monolayers as described by Meager
(1987).

Precipitating antibodies to BTV and EHDV
serogroups were detected using agar-geb im-

munodiffusion (AGID) test kits as described by

the manufacturer (Veterinary Diagnostic Tech-
nobogy, Inc.). Serotype specific antibodies were
quantitated via serum neutralization as de-

scribed by Stallknecht et al. (1995).
Bacterial cultures performed on deer with

secondary bacterial infections were done at the
Athens Diagnostic Laboratory, College of Vet-
erinary Medicine, University of Georgia, Ath-
ens, Georgia. Samples were initially inoculated

onto blood agar plates (Difco Company, De-
troit, Michigan, USA) and thioglycolate broth
(Difco). After 24 hr or when bacterial growth
was observed, bacteria were tentatively identi-

fled based on colony morphology and Gram

stains. Individual bacterial colonies were sub-

cultured on appropriate media for final identi-

fication (Carter and Cole, 1990).
For statistical analysis, the data collected

during the first experiment of EHDV-2 infec-

tion of naive deer were analyzed separately
from the data collected during the second ex-

periment on the viral challenge of convalescent
deer.

Body temperatures, blood cell parameters,
virus titers, and serum neutralizing antibody ti-

ters were analyzed using a two-factor analysis
of variance using animal group and PID as fac-

tors (Zar, 1974). In the first experiment,
EHDV-2-infected deer were divided into con-

trol animals and three infected groups (mild,
moderate, or severe) based on clinical signs

(Table 1) to allow for more in-depth compan-
sons of response to infection. During the sec-

ond experiment, the statistical groups used con-
sisted of the three EHDV-2-challenged, four
BTV- 10-challenged, four convalescent-controls

and four non-infected controls. Significance
was located using a Dunnett’s multiple com-

parison test at a � 0.05. This was a specialized
multiple comparison test where the only com-

parisons desired were between the appropriate
control group and the various experimental
groups. Since the sample size was widely vary-
ing, a standard error was calculated for each
comparison.

To determine the relationship between the
variable alive/dead and other continuous vari-

ables, a point-bisenal calculation was made
(Bruning and K.intz, 1987). To determine the
relationship between pairs of continuous vari-

ables, a Pearson product-moment correlation
(r) was calculated. Data with significant corre-
lations were further analyzed using an analysis
of variance for linear regression.

RESULTS

ExperIment I : EHDV-2 infection of naive
white-taIled deer

Based on the scoring system used to

rate the clinical signs observed in affected

deer, five deer had mild clinical signs (in-

creased body temperature, subtle redness

of thinly haired regions: ear pinna, peri-

neum, nares, periorbital zones), five deer

had moderate clinical signs (increased

body temperature, noticeable redness of

thinly haired regions: ear pinna, perineum,

nares, periorbital zones; mild depression

and lethargy), and six deer had severe din-

ical signs (increased body temperature,

marked redness of thinly haired regions:
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TABLE I. Experiment 1: Comparison of clinical morbidity rating (MR), virus titer on peripheral blood (in

log 10), an(1 antibody titers (dilution reciprocal) during initial EHDV-2 infections. None of the control deer

had VI or antii)o(ly titers. Serum samples were initially screened for precipitating antibodies by ACID. All

positive samples were titered by serum neutralization.

I)eer

titutsiher Year MR Test 0

Post-infection day

2 4 6 8 10 12 14 17 21 24

30 92 3 Vir Tr1’ -� 4.7 5.0 3.7 (Died)

AbTr�1 - - - - 80

44 92 3 Vir Tr

AbTr

- -

- -

5.3

-

5.7

-

(Euthanized)

48 92 3 VirTr

Ab Tr

- -

- -

5.7

-

5.7

-

4.7 4.0

10 10

4.0

NAC

3.3

40

(Died)

49 92 3 VirTr

AbTr

- -

- -

4.7

-

3.5

-

3.4 2.0

640 2,560

2.7

2,560

1.7

5,120

1.7

5,120

2.0

5,120

1.7

2,560

76 93 �3 Vir Tr

Al) Tr

- - 5.7 5.5 6.0 6.5

10

5.0

20

3.3

40

3.3

40

3.3

20

3.0

40

77 93 3 VirTr

Al) Tr

- - 5.7 6.3 6.7 5.5

40

4.7

40

4.5

40

4.5

320

3.7

320

2.3

160

46

80

92

93

2

2

Vir Tr

Al) Tr

VirTr

Ab Tr

- -

- -

- -

2.5

-

5.5

2.5

-

6.3

2.0 -

1,280 1 .280

5.7 5.7

40

-

2,560

+

80

-

1,280

4.5

160

-

2,560

4.5

80

-

320

4.3

320

-

32()

4.0

160

81 93 2 VirTr

AbTr

- 1.7

- -

5.3

-

6.5

-

(Euthanized)

84 93 2 Vir Tr

Al) Tr

- - 3.5 6.0 5.5 4.5

40

+

80

4.0

80

4.3

40

3.7

40

-

40

91 93 2 Vir Tr

AbTr

- 2.5

- -

6.3

-

6.7

-

6.5 4.7

80 20

(Died)

31 92 1 Vir Tr

Ab Tr

- 1.7 4.3 5.3 3.5 2.3

20

1.7

40

2.5

40

2.3

20

2.0

40

-

80

33 92 1 VirTr

Ab Tr

- - 3.5 4.3 3.0 -

40

-

160

1.7

320

<1.7

160

-

320

-

640

36

79

92

93

1

1

VirTr

Al) Tr

Vir Tr

Ab Tr

- -

- -

1.7

3.7

2.7

5.5

<1.7 <1.7

10

5.3 4.5

80

1.7

40

3.5

160

NA

80

2.7

40

<1.7

80

3.3

80

-

80

3.3

80

-

80

2.0

80

83 93 1 Vir Tr

Ab Tr

- - 4.3 6.3 5.7 5.5

20

5.3

20

4.5

80

4.0

160

4.0

160

3.7

160
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.4 MR = niortahtv ratitug; 0 tso clinical signs. I mild clinical signs. 2 moderate clinical signs. 3 severe clinical signs.

Ste text for specific (let�uls of rating tuetlsods.

h Vir Tr. virus titer.

(. I)aslu (-) tsdicatcs lack of (Iete.ctal)Ic titer.

(I Al) Tr. atitiiexlv tit(r.
(. Itufortitatiotstsot avulal)lt.

ear pinna, perineum, nares, periorbital

zones; severe depression and lethargy, de-

hydration, subcutaneous swelling about

head, bleeding tendencies) (Table 1). Clin-

ical signs were initially noticed on PID 4

or 5 and generally were most severe by

PID 7 to 8. Deer that survived gradually

returned to normal over the next 1 to 2

wk; however, the three severely affected

deer that survived were thin and appeared

weak 4 wk after infection.

Three deer died and two deer were eu-

thanized because of the severity of clinical

signs during the acute phase of infection.

Two euthanized deer and one deer that

died succumbed in the first 10 days of in-

fection. Lesions typical of hemorrhagic

disease were minimal to extensive pete-
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chial and ecchymotic hemorrhages on var-

ious internal organs, but uniformly at the

base of pulmonary artery and over the py-

borus. Other common lesions were hyper-

emia in the forestomachs and buccal pa-

pillae, subcutaneous and pulmonary ede-

ma, and pericardial and pleural effusions.

The t\V() animals that died at PID 12 and

15 had secondary bacterial infections.

Both animals had bacterial bronchopneu-

monia; one also had necrotic laryngitis. A

mixture of bacterial pathogens were isolat-

ed from the lungs of these deer including

Pasteu rella rnultocida , Streptococcus sp.,

Actinomyces pyogenes , Escherich ia coli,

and Enterococcus sp.

Body temperatures in infected deer var-

ied with degree of excitement or activity

prior to temperature monitoring making

interpretation of temperature changes dif-

ficult. However, when assessed in conjunc-

lion with other clinically apparent signs of

fever, such as cutaneous hyperemia, 11 of

the 16 EHDV-2-infected deer developed

body temperature increases of �0.5 C

(range 39.5 C to 40.1 C) by PID 4 to 8,

as compared to baseline temperatures and

temperatures of control deer; increased

body temperatures lasted 1 to 6 days. One

deer had little temperature change, but

had to be euthanized at PID 7 because of

severe bloody diarrhea and dehydration.

Seven moderately or severely affected

deer became hypothermic with body tem-

peratures dropping to <38.5 C between

PID 8 and 12. Baseline levels and tem-

peratures of control deer never dropped

below 38.5 C during the same time period.

Three of the hypothermic animals from

the severely affected group died.
While no statistically significant differ-

ences were found in the mean total leu-

kocyte counts of EHDV-2-infected deer,

distinct trends were apparent. Mean total

leukocyte counts of infected deer de-

creased until PID 6, and returned to base-

line levels by PID 8 or 10. At its nadir on

PID 6, the mean (± SD) total leukocyte

counts seen in mildly, moderately, and se-

verely affected groups were similar: 2,760

FIGURE 1 . Average lvusplsocvte counts of lisfect-

ed and control �vhite-tailed (leer (lunlsg Experiisieist

I (initial EI1l)V-2 exposure) and Experiment 2 (clsal-

lenge with BTV-lO or E11I)V-2). 1)uring initial

EFIDV-2 infections, tlse isuissber of atsitsials (Ic-

creased frotu 16 at P11) 0 to I 1 b� P11) 28. Fotir

anisnals �vere challenged �vith BTV-l0: otse usiusal

(lie(l. Three atiiiiials were challenged svitls Elll)V-2:

no atsimals were lost. Control animals 4. ( ois�a-

lesceist control atsitsials 4.

± 984 cells/mi, 2,680 ± 687 cells/mb, and

2,920 ± 1,246 cells/mi, respectively. In

comparison, the mean ( ± SD) leukocyte

count of control animals on the same day

was 4,500 ± 2,043 cells/ml.

The most notable leukocyte changes in

infected deer were decreased average lym-

phocyte counts, which generally deveboped

6 to 10 days after infection (Fig. 1). Over-

all, 10 of 16 infected animals had absolute

lymphocyte counts of less than 1000 cells!

�.d at some point between PID 4 and PID

10; five of these 10 deer died. The degree

of decrease in the average lymphocyte

count varied between groups of infected

animals with severely affected animals hay-

ing significantly lower lymphocyte counts

on PID 6 and 8 (P 0.01) than control

animals or baseline levels for those ani-
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mals. No association between minimum

number of lymphocytes and death was

found; however, animals with more

marked clinical signs or high virus titers

had low lymphocyte counts. The degree of

clinical signs and lymphocyte counts were

inversely correlated (Pearson product-mo-

ment correlational coefficient -0.0581,

P = 0.02) as were the peak virus titers and

lymphocyte counts (correlational coeffi-

cient = -0.49, P = 0.05). Similarly, the six

mildly lymphopenic deer (lymphocyte

counts below control average but >1,000

cells/ml) during this same period had

milder clinical signs than profoundly lym-

phopenic deer.

No significant changes were detected in

neutrophil counts of EHDV-infected or

control animals. However, the deer that

developed secondary bacterial infections

had increased neutrophil counts for 1 to 2

days prior to death (� ± SD 3,698 ±

1,763 cells/ml) when compared to the

mean baseline values for those animals

(2,188.67 ± 275 cells/ml).

Mean hematocrits of infected deer de-

creased between PID 8 and 20, then grad-

ually rebounded but never returned to

baseline levels (Fig. 2). While there were

no significant differences between infected

versus control groups of deer during the

first 2 wk of infection, the three severely

affected deer that survived the first 14 days

of infection had significant decreases (P �

0.01) in hematocrits during the second 2

wk of the study. Mean ( ± SD) hematocrits

for these three animals dropped from a

baseline of 38.4 ± 4% to 30.33 ± 10% by

PID 28. Other erythrocyte indices re-

maimed within range of normal as com-

pared to control animals. On an individual

basis, hematocrits of nine of the EHDV-2-

infected deer decreased after initial

EHDV-2 infections from a baseline of

38.73 ± 5.8% to 27.68 ± 4.9% by PID 28,

yet the hematocrits of four infected ani-

mals and the four control animals stayed

relatively constant throughout the study.

Mean ( ± SD) hematocrits of three animals

that died during the acute phase of infec-

P�N ;

� Vt\�

�/#{149}�� �v
� � �‘� ��T::�-’� �

v___v �

28 32 36 40 44 45 52

Post- nfection day

FIGURE 2. Average hematocrits of infected and

control white-tailed deer during Experiment 1 (initial

EHDV-2 exposure) and Experiment 2 (challenge

with BTV-10 or EHDV-2). During initial EHDV-2

infections, the number of animals decreased from 16

at PID 0 to 11 by PID 28. Four animals were chal-

lenged with BTV-10; one animal died. Three animals

were challenged with EHDV-2; no animals were lost.

Control animals 4. Convalescent control aninuals 4.

tion increased gradually from a baseline

average of 40.1 ± 1.5% to an average of

49.7% ± 3% by PID 6, reflecting hemo-

concentration secondary to dehydration

which was noted clinically.

All naive EHDV-2-infected animals

were viremic by PID 4 (Table 1). Three of

the 16 infected deer were viremic by PID

2; two of these three animals later died.

There was a significant (P 0.001) differ-

ence in peak virus titers the second year

of the study (logiofl.3l ± 0.40 TCID5Wm1)

as compared to the first year of the study

(log�o4.5O ± 1.26 TCID5�y1ml).

Viremia was last detected in surviving

deer from PID 9 to PID 56. Two deer in

the second year of the study that were un-

challenged by BTV were still viremic at

PID 56. The longest viremia found in the
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first year of the study was in one animal

that was still viremic at PID 30. This ani-

mal was challenged with EHDV-2 at PID

28, but no increase in viral titer was de-

tected post-challenge. The duration of vi-

remia was longer in deer with higher peak

viral titers than in animals with lower titers

(P - 0.007). Although the peak virus titer

was lower in animals with mild clinical

signs (� ± SD = log�o4.92 ± 1.46 TCID5o/

ml) than deer showing severe clinical signs

(logjo5.71 ± 0.79 TCID5Wm1), a statistical

difference was not detected. Based on

point-biserial correlation, there was no as-

socialion between the degree of clinical

signs and duration of viremia in surviving

deer or between the degree of viremia and

death.

Interferon levels rose abruptly in all in-

fected deer after initial EHDV-2 infection,

peaked between PID 4 and 6 with levels

varying between deer (range 1:8 to 1:512),

and fell rapidly with no IFN activity de-

tected after PID 10. In 11 deer, peak IFN

levels and peak viremia occurred simulta-

neously followed by initial decline of the

viremias (Fig. 3). Control animals pro-

duced no detectable IFN. Deer with mod-

erate or severe clinical signs generally had

peak IFN levels that developed on about

Day 4 (i ± SD = PID 4.8 ± 1.8 and PID

4.67 ± 1.0, respectively). In contrast, peak

IFN titers in deer with mild clinical signs

occurred slightly later (Day 6; PID 6 ± 0),

but the differences in levels of IFN be-

tween these groups were not significant.

There was no correlation between peak vi-

rus titers and peak IFN levels. Temporally,

the mean peak viremia coincided with the

mean peak IFN titers on PID 6, and pre-

ceded the presence of detectable antibod-

ies (Fig. 3).
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By PID 10, all EHDV-2-infected ani-

mals developed precipitating and neutral-

izing antibodies to EHDV-2 that persisted

for the duration of the study (Tables 1, 2).

The appearance of antibodies in periph-

eral blood was associated with a continued

reduction of viremia, yet viremia persisted

despite these antibodies. Statistically, there

was no correlation between the degree of

peak viremia and the height of the anti-

body titer produced later. Similarly, there

were no significant differences detected

between peak antibody levels between

mild, moderate, or severely affected deer.

Experiment 2: Viral challenge of convalescent
white-tailed deer

Clinical signs were not detected in the

three deer that were challenged with ho-

moiogous virus. A range of clinical signs

similar to those noted in the initial EHDV

infection were seen in all four animals

challenged with BTV-10 (Table 2). A pre-

viously uninfected deer given the BTV-10

inoculum developed clinical signs at the

same time as, and similar to, the BTV-10-

challenged animals. This deer and one se-

verely affected challenged animal were eu-

thanized on post-challenge day 7. Lesions

seen at necropsy in both deer were com-

patible with hemorrhagic disease as de-

scribed during initial infections. The se-

verely affected BTV-10-challenged animal

also had cranioventral bronchopneumonia;

a mixture of bacterial pathogens including

Enterococcus sp. , Escherichia coli, Enter-

obacter sp. , and Actinobacter sp. , were iso-

lated from its lungs.

Three of 10 white-tailed deer necrop-

sied at PID 56 (challenge day 28) had mild

pericardial effusions; one animal had been

challenged with EHDV-2, one animal had

been challenged with BTV-10, and one an-

imal received the initial EHDV-2 but no

challenge inoculum.

Body temperature elevations seen in

EHDV-2-challenged animals were not as

marked as initial temperature increases.

All three deer challenged with homolo-

gous virus had mild temperature eleva-

lions ranging from 39.2 C to 39.6 C be-

tween challenge day 2 and 8. Body tem-

perature elevations seen in BTV-10-chal-

lenged deer were similar to elevations seen

in those same animals during initial

EHDV-2 infections. All four deer chal-

lenged with heterologous virus had tem-

perature elevations �39.5 C between chal-

lenge day 4 and 8.

Overall during the second experiment,

total leukocyte and lymphocyte counts of

both EHDV-2 and BTV-10 infected deer

were slightly higher than those seen dur-

ing the initial EHDV-2 experiment. He-

matocrits were lower during the challenge

infections than during initial infections,

but the average initial count at PID 0 was

lower (34% compared to 38% initially).

Neutrophils counts were similar during

the two experiments.

Mean (±SD) leukocyte counts of both

EHDV-2- and BTV-10-challenged deer

decreased by challenge days 4 to

3133±503 cells/�jJ and 3500±945 cells/pA,

respectively, while leukocyte counts of

convalescent control deer remained stable.

However, these changes were not signifi-

cantly different from either baseline levels

or control deer. Mean (±SD) lymphocyte

counts in EHDV-2-challenged deer de-

creased progressively from an initial count

of 2,080±413 cells/pA on challenge day 0

to 1,259±627 cells/pA on challenge day 12,

which was significantly lower (P 0.01)

than baseline or control counterparts

(3,656± 1,024 cells/pA) (Fig. 1). Deer chal-

lenged with BTV-10 had decreased lym-

phocyte counts by challenge day 4 (1,752

± 799 cells/pA), which rebounded rapidly;

however, the changes were not significant

when compared to baseline or control an-

imals (Fig. 2).

Mean neutrophil counts ofboth EHDV-

2-challenged and BTV-10-challenged deer

decreased slightly during the first 8 days

post-infection . The mean neutrophil

counts of the EHDV-2 and BTV-10 chal-

lenged groups were significantly lower on

challenge day 4 than non-infected controls

(P = 0.01), but the counts were not sig-
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T.sBI.E 2. Experiissent 2: Comparison of clinical tsiorbiclitv rating (MR), virus titer in periplseral blood (in

log 10). an�l antil)odv titer (dilution reciprocal) of (leer challenged by infectiots witls either ElIl)V-2 or BTV-

10. Noise of the control (leer had �inis or antibody titers. Senim samples were initially screened for precip-

itatiisg aistibodies by AGLI). Saniples svitls detectible antibodies were titered by serum neutralization. Post-

challeisge day is listed; post-infectiots (la� of initial stud� is in parenthesis.

I)ttr
itt’’,)- �sl

Post-thaI lenge (ldt\

() 2 .4 6 S 10 12 14 17 21 24 2S

lajr Year H lest (28) (30) (32) (34) (36) (38) (40) (42) (45) (49) (52) (56)

El I l)V-2-challenged (leer

:3l92lVirTr1 -( - -

Ab Tr’1 40 40 40 40 40 40 80 40 80 40 40 NAt

4692lVirTr - -

Al) Tr 640 640 640 320 640 320 160 320 320 1280 640 1280

49 92 1 VirTr <l.7� <l.7�

AbTr 1280 160 160 320 640 5120 5120 2560 5120 5120 2560 1280

BTV- lO-clsallenged deer

76 9:3 �3 Vir Tr 3.0� 2.5’ 3.7g 4.0l� (I)ied)

Elli) Al) 80 320 320 160

BT\’Ab - - - -

79 93 2 \‘ir Tr 2.0k 2.5k 3#{149}7g 35g NA8 NA8 2.3k

EIII) Al) 80 40 80 80 40 40 20 40 40 40 20 40

BTV Al) - - - - 20 20 40 40 40 40 20 40

83 93 1 VirTr 331 351 :3.7� 3.38 35g NA8 2.711 2.5k 2.5k 2.51 201 1.71

Elil) Al) l6() 320 320 80 40 160 160 160 80 320 320 160

BTV Al) - - - _ _ 20 20 20 20 40 40 40

84931\’irTr - :30g 3.0g3.3g2.78

Elli) Al) 80 40 40 80 80 80 80 80 160 40 80 80

BTV Al) - - - - 20 10 20 20 20 20 20 20

( otsvalescent controls:

:3:392OVirTr _ -

El-Il) Al) I 28() 64() 640 640 1 60 1 60 <SO 160 160 80 80 Mo

36920\’irTr - -

EllI) Ab MO) MO) 80 40) 40 80 160 160 80 80) 40 MO

77 93 1) \‘ir Tr 4�t 3�7f 3.5� 40’ 4.O� NAt 2#{149}3f 33f 331 3.Of 2.O� 2.O�

EIID Al) 320 160) 160 80) 40 20 80 40) 40) 40 40 40)

MO 9:3 0 VirTr 3.7k 4.O� 371 371 4#{216}f NA1 30f 30f 2.3k 2.0� 2511 1.7k

Eli D Al) 160 MO) MO MO) 160 160 80 MO) 20 40 MO MO

.� �‘41R = tiiortalitv ratitsg: 0 ito clitsical signs. 1 mild clinical signs. 2 - nioderate clinical signs. 3 severe clinical signs.

See text for slM’ciIi(� details of r.ttitsg ttsetlsxls.
t, \‘ir Ti. �irtis titer.
(#{149}I)asli ( - ( iIKliCtt(S lack of (kte(tal)le titers.

(IAb Tr. atitilxxlv titer.

,. NA = Ittlorination not .t�aiIable.

t EHDV-2 isolate�d.

F BU’s’- 1(1 isohtte(I.

I, No 1X)SitiV( i(lttttilitUtiOtt of isol�ttt1 � tti.ule.

nificantly different from convalescent con- lenge day 2 (Fig. 2). No significant differ-

trols. ences between groups could be located

Mean hematocrits of the EHDV-2-chal- with Dunnett’s test.

lenged, BTV-10-challenged, and convales- No increase in viremia was detected in

cent control groups remained lower than the EHDV-2 challenge inoculation (Table

the control group through challenge day 2). Viremia increased in all four animals

28. Mean hematocrits of BTV-10-chal- challenged with BTV-10. Since three of

lenged deer decreased slightly by chal- the four animals challenged with BTV-10
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still had EHDV-2 titers at the time of chal-

lenge (Table 2), viral liters could not be

attributed to BTV-10 alone and may have

represented the combined effect of

EHDV-2 and BTV-10. However, BTV-10

was isolated from the blood of all four deer

and, in two deer, both EHDV-2 and

BTV-10 were intermittently isolated from

blood during the period of BTV viremia.

Detectable BTV-10 viremias were of

shorter duration than those seen with mi-
tial EHDV-2 infections as isolations iden-

tified as BTV-10 were last detected on

challenge day 8 in one animal and on chal-

lenge day 10 in two of the animals. How-

ever, it is possible that later unidentified

isolates in one animal (Deer 83) may have

been BTV-10.

Only one of the three animals chal-

lenged with EHDV-2 developed detect-

able IFN, which was a low level (dilution

of 1:8) that was only seen on PID 2 and 4

with a peak on PID 4. All animals chal-

lenged with BTV-10 produced detectable

IFN with peak levels occurring either on

challenge days 4 or 6. The three animals

with EHDV-2 titers at the time of BTV-10

challenge had lower peak titers (range 1:2

to 1:32) than did the single animal (Deer

84; IFN peak at a dilution of 1:128) that

had no detectable EHDV-2 titer at the

time of BTV-10 challenge.

Two of three EHDV-2-challenged deer

had an increase in neutralizing antibody ti-

ters, at challenge day 10 and 21, respec-

lively (Table 2). The third animal (Deer

31) that had the IFN response had no

meaningful increase in antibody titer. The

average antibody liters of convalescent

controls gradually decreased. As was seen

during initial EHDV-2 infections, BTV-10-

challenged animals developed neutralizing

antibodies to BTV-10 by challenge day 10;

antibody titers peaked on or before chal-

lenge day 21 (Table 2). Both BTV and

EHDV antibodies persisted in all deer un-

til the end of the study. Control animals

did not seroconvert to either EHDV or

BTV

DISCUSSION

Optimally, the initial and challenge in-

ocula should have had the same virus titer.

Unfortunately, the inoculum used in the

EHDV-2 challenge experiment had a low-

er titer (i0�#{176} TCID50 per ml) than did the

initial EHDV-2 inoculum (i0�� TCID50

per ml). The reason for this difference was

that two deer were used to prepare the

inocula to avoid possible Type II hyper-

sensitivity reactions due to repeated injec-

tions of blood from a single donor deer. In

spite of this difference, the challenge in-

oculum was capable of causing infection;

it successfully caused viremia in naive

white-tailed deer used in a separate study

(Smith et al., 1995). Thus, it was felt that

the difference in the inoculum liter was

not the cause of the lack of detectable vi-

remias seen in EHDV-2 challenged deer.

Although EHDV can have a significant

impact on white-tailed deer populations

through widespread morbidity and

tality (Nettles and Stallknecht, 1992), early

studies of hemorrhagic disease in white-

tailed deer resulted in extremely high es-

timates of mortality rates, often greater

than 90% (Hoff and Trainer, 1978). How-

ever, based on the presence of chronic foot

lesions and serologic studies, it is apparent

that many deer survive infections (Couvil-

lion et al., 1981; Nettles and Stallknecht,

1992). Our study is supportive of field ob-

servations that there is tremendous mdi-

vidual variability in clinical response in

deer infected with either EHDV or BTV.

While our initial EHDV-2 infection pro-

duced 100% morbidity in naive deer,

death occurred in only 31% of the deer.

Subtle clinical signs, that probably would

have gone undetected under field condi-

tions, were seen in another 31% of the an-

imals. This individual variation in clinical

response may be reflective of an outbred

population with wide genetic variability in

resistance to infection. Nettles and Stalik-

necht (1992) hypothesized that genetic re-

sistance to infection has evolved in wild

ruminants in areas where hemorrhagic dis-

ease is endemic.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 23 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



QUIST ET AL-HEMORRHAGIC DISEASE IN WHITE.TAILED DEER 595

The degree of lymphopenia seen in

EHDV-2-infected animals was directly

correlated with morbidity and mortality. In

previous studies, decreased lymphocyte

counts occurred in EHDV-infected white-

tailed deer (Wilhelm and Trainer, 1969)

and BTV-17-infected white-tailed deer

(Howerth et al., 1988), but no correlations

were made between the degree of lym-

phopenia and morbidity or mortality. Lym-

phopenia also was seen in sheep infected

with BTV (Ellis et al., 1990). In contrast,

cattle infected with BTV became neutro-

penic versus lymphopenic (MacLachlan

and Thompson, 1985). The pattern of lym-

phopenia seen during the BTV-10 chal-

lenge resembled initial EHDV-2 infec-

lions. While no clinical illness was seen in

EHDV-2-challenged animals, mild lym-

phocyte decreases were present. These de-

creased lymphocyte counts , combined

with slight temperature elevations, are ev-

idence that the virus entered the lymphoid

system and stimulated an immune re-

sponse prior to containment.

Several mechanisms may be involved in

development of the lymphopenia. Since vi-

rus can be isolated from peripheral blood

mononuclear cells of EHDV-2-infected

deer for approximately 2 wk after infection

(Stallknecht et al., 1997), lymphopenia

may relate to direct virus destruction of

lymphocytes or to viral-induced lympho-

cytic apoptosis. Alternatively, the lympho-

penia may be a manifestation of cytokine-

induced alterations in lymphoid trafficking

in lymph nodes and other sites ofviral rep-

lication similar to that shown in BTV-in-

fected sheep (Ellis et al., 1991) and cattle

(Barratt-Boyes et al., 1995). Regardless of

the mechanisms, the development of sec-

ondary infections during the subacute

phase of disease is further evidence for

possible immune dysfunction in EHDV-

and BTV-infected deer. Concurrent stud-

ies of cell-mediated immune function in

these EHDV-2 and BTV-10 infected

white-tailed deer showed a significant re-

duction of lymphocyte proliferative

sponses to concanavalin A during the acute

phase of infection in naive animals (Quist

et al., in press). The combined data are

evidence that white-tailed deer have tran-

sient compromise of cell-mediated im-

mune function during the first few weeks

of EHDV-2 or BTV-10 infection.

The anemias observed by the second

week of the study in severely affected

EHDV-2-infected deer are compatible

with the vascular damage and resultant

hemorrhage that is a hallmark of severe

hemorrhagic disease caused by either

EHDV (Debbie and Abelseth, 1971) or

BTV (Howerth et al., 1988). In contrast,

mild and moderately affected animals de-

veloped no significant decrease in hemat-

ocrits, possibly reflecting minimal vascular

damage. latrogenic blood loss during the

study was an initial concern as a contrib-

utory cause of anemia, but the stability of

hematocrits of four infected and the four

control deer is evidence that blood sam-

pling was not a major factor.

Serum neutralizing antibodies were de-

tectable by the 10th day after both the mi-
tial EHDV-2 and the BTV-10-challenge

infections; however, viremia persisted de-

spite these antibodies. This is in contrast

to the previous observation that white-

tailed deer experimentally infected with

EHDV and BTV had no detectable vire-

mia within 2 to 8 days after neutralizing

antibodies appeared in circulation (Hoff

and Trainer, 1974). The persistence of vi-

remia despite the presence of circulating

neutralizing antibodies has been reported

in BTV-infected cattle (MacLachlan et al.,

1990) and sheep (Luedke, 1969). In BTV-

infected cattle, protection from immune

elimination may be due to the association

of virus particles with red cell membranes

(MacLachlan et al. , 1990). In in vitro stud-

ies with BTV, virus was found sequestered

in pits in bovine erythrocyte membranes

(Brewer and MacLachlan, 1992). Stall-

knecht et al. ( 1997) found EHD virions

similarly sequestered within mnfoldings of

white-tailed deer red blood cell mem-

branes infected in vitro. This close asso-

ciation with the red cell membrane may
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protect the viruses from circulating anti-

bodies and immune clearance (Barratt-

Boyes and MacLachlan, 1995).

The higher viremias found in fawns dur-

ing the second trial of the 2-yr study re-

main unexplained, but could involve dif-

ferences in the fawns, in experimental fac-

tors between years, or in the deers’ envi-

ronment. While the fawn groups were

similar, the fawns used the second year

were possibly slightly younger as they

weighed less as a group, though not sig-

nificantby SO. In regard to experimental

factors, because virus isolations were per-

formed on different years, there were dif-

ferences in other uncontrollable factors

such as cell culture media. Biting insects

were a problem in the animal facility the

second year of the study, and it is possible,

though not probable, that they contributed

to the higher virus titers seen that year.

The facility was closed during the entire

experiment to minimize ingression of in-

sects, and Gulicoides spp. , the known vec-

tors of EHDV and BTV, typically do not

frequent covered enclosures (Blanton and

Wirth, 1979). Furthermore, no Culicoides

spp. were found using light traps near the

deer pens during the study. However,

while the Culicoides spp. midge is the only

known biological vector of EHDV and

BTV� mechanical transmission of EHDV

and BTV may be possible. Transmission of

BTV by sheep keds (Melophagus ovinus)

(Luedke et al., 1965) and Ornithodoros

spp. ticks (Stott et al. , 1985) has occurred.

Fleas (resembling Ctenocephalides felis)

and biting stable flies (probably Stornoxys

sp. ) were observed on the deer early in the

study, necessitating treatment of the deer

and premises with insecticides. It is con-

ceivable that fleas and stable flies may have

been the source of the EHDV-2 that in-

fected a deer that was being held sepa-

rately in the same facility and may have

transmitted additional virus to infected

deer.

For several statistical analyses, deer

were combined into subgroups based on

severity of clinical signs. The resultant

small group sizes made it difficult to sta-

tistically verify differences that were ob-

served. Nonetheless, statistical correlations

were detected between the severity of

clinical disease and some parameters such

as decreased lymphocyte counts and de-

creased hematocrits. A correlation also ex-

isted between high virus liters and low

lymphocyte counts. However, only trends

were observed in these same categories

with mild disease. For several parameters,

such as hematocrits and body tempera-

tures, temporal differences in the occur-

rence of increased or decreased values

among animals hampered the ability to

identi1�y statistically significant points. Fail-

ure to identify certain associations also was

deemed important; there was no correla-

lion between peak virus titer and disease

outcome or subsequent peak antibody 1ev-

els. Thus, while some meaningful correla-

lions or lack of correlation were made, no

single factor or combination or factors

could be identified as invariably associated

with a particular level of disease.

The prolonged viremias seen in some of

the deer showed that white-tailed deer can

maintain EHDV for much longer than

previously realized, albeit at low titers. In

earlier studies with EHDV in experimen-

tally infected white-tailed deer, Hoff and

Trainer (1974) documented viremias only

to PID 20; yet three of our deer remained

viremic until the end of the study (PID

56). This interval is similar to that seen in

BTV-infected cattle where viremias of 59

days have been reported (MacLachlan et

al., 1984). Erythrocytes from BTV-infected

cattle may harbor viral nucleic acid for

their lifespan (Barratt-Boyes and Mac-

Lachlan, 1995), as a polymerase chain re-

action detected BTV nucleic acid in nat-

urally infected cattle up to 160 days post-

infection (Katz et al., 1994). Certainly, this

may be the case in deer as well, although

the lifespan of deer erythrocytes is un-

known. The polymerase chain reaction-

based assays that have been performed on

deer (Aradaib et al., 1995) have not deter-

mined the length of time viral nucleic acid
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can be detected post-infection. However,

the biological importance of positive poly-

merase chain reaction findings may be in-

significant because detected viral nucleic

acid does not correlate with infectivity

(MacLachlan et al., 1994). While end-

point viremias were quite low (range from

loglo 1.7 to 2.0 TCID5()/ml) in our deer,

Culicoides variipennis can become infect-

ed while feeding on EHDV-2-infected

deer with virus titers of loglo 3.0

TCID5o/ml (Smith et al., 1996).

Deer in our study had a widely variable

initial clinical response to infection with

EHDV-2, and there was with no indication

that immunity to EHDV-2 tempered sub-

sequent infection with BTV-10. In con-

trast, Hoff and Trainer (1978) reported

that a prolonged incubation occurred

when white-tailed deer vaccinated with

EHDV or BTV were challenged 75 days

later with heterobogous virus. In our study,

equivalent 4-day incubation periods were

seen in the initial EHDV infection and the

BTV challenge, which gave no evidence

that virus activity was diminished due to

previous exposure to heterologous virus.

Our findings are similar to those of Jeggo

et al. ( 1983) where heterotypic viral chal-

lenge of sheep 66 days after initial BTV

infection resulted in a course of pyrexia

and viremia indistinguishable from that

seen in naive animals.

The outcome of hemorrhagic disease in

white-tailed deer appears to be multifac-

eted, involving an interaction of many host

defense systems. The pattern of concur-

rent fever, viremia and IFN production

observed between PID 4 and 6 in deer

given EHDV-2 and BTV-10 was similar to

that reported in BTV-infected sheep (Fos-

ter et al., 1991), but differed from BTV-

infected cattle in which IFN production

occurred prior to PID 4 and was unasso-

ciated with peak viremia (MacLachlan and

Thompson, 1985). How these differences

and similarities relate to species suscepti-

bility are unknown and should be ex-

pbored.

Cattle rarely have clinical illness from

BTV, yet the prolonged viremias seen in

cattle have led to their consideration as the

natural reservoir host of BTV (Mac-

Lachlan et al., 1990). While sufficient vec-

tor studies have not been done with white-

tailed deer to determine the actual role

non-symptomatic yet viremic deer play in

the epizootiology of hemorrhagic disease,

the prolonged viremias seen here are evi-

dence that white-tailed deer may act as

reservoirs of EHDV up to 56 days after

infection.
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