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ABSTRACT: In vitro and in vivo infections were conducted to determine if the epizootic hem-
orrhagic disease (EHD) and bluetongue (BT) viruses would replicate in peripheral blood mono-

nuclear (PBM) cells of white-tailed deer (Odocoileus virginianus). All of the North American
EHD and BT viruses (EHD virus serotypes 1 and 2, and BT virus serotypes 2, 10, ii, 13, and
17) replicated in vitro in cultures of white-tailed deer PBM cells. However, this replication ap-

peared to be monocyte-dependent and was not enhanced by lymphocyte blastogenesis induced

by the addition of concanavalin A. In white-tailed deer infected with either EHD virus serotype
2 or BT virus serotype iO, virus could be isolated consistenfly from PBM cells only from post-

infection day 4 through 8, although they remained viremic through post-infection day 21 . In deer,
highest viral titers were associated with the erythrocyte fraction, and in no cases did viral titers

detected in the platelet, PBM cell or polymorphonuclear cell fractions approach titers observed
in whole blood. In the in vitro infections of white-tailed deer erythrocytes, the EHD and BT

viruses were associated with pits in the erythrocyte membrane. This association may be important

in the long-term viremia observed in deer.
Key words: Bluetongue virus, cell association, epizootic hemorrhagic disease virus, hemor-

rhagic disease, lymphocytes, monocytes, Odocoileus virginianus, replication, white-tailed deer.

INTRODUCTION

Hemorrhagic disease (HD) in white-

tailed deer (Odocoileus virginianus), is

caused by viruses in either the epizootic

hemorrhagic disease (EHD) or blue-

tongue (BT) virus serogroups, and is char-

acterized by lymphopenia and a cell-asso-

ciated viremia (Hoff and Trainer, i974;

Howerth et al., 1988). The cause of this

lymphopenia is currently unknown, but it

may relate to viral replication in lympho-

cytes. Hoff and Trainer (i974) reported

that virus in white-tailed deer infected

with an unspecified EHD virus serotype

was associated with both erythrocytes and

huffy coat cells. However, little informa-

tion is available regarding potential repli-

cation of the EHD or BT viruses in white-

tailed deer peripheral blood cells. To date,

this has been investigated only with the BT

viruses in cattle.

In cattle, a long-term viremia that per-

sists in the presence of neutralizing anti-

bodies is evidence that the BT viruses are

cell-associated (Richards et al., 1988). This

cell association primarily involves erythro-

cytes, but virus has been isolated from the

buffy coat fraction (Luedke, i970). Infect-

ed monocytes and lymphocytes were de-

tected in BT virus infected cattle by elec-

tron microscopy (Morrill and McConnell,

1985). However, the association with the

buffy coat fraction appeared to be tran-

sient and in cattle experimentally infected

with BT virus serotype iO (BTV-iO), virus

could be isolated from blood leukocytes

only during the first iO days of infection

(Whetter et al., i989). In sheep infected

with BT virus serotype 23, infection of pe-

ripheral blood mononuclear (PBM) cells,

as detected by polymerase chain reaction,

also was transient and was detected from

3 to 14 days post-infection (McColl and

Gould, i994).

In vitro replication of BTV-iO in PBM

cells of cattle primarily has been associated

with monocytes (Whetter et al., 1989) and
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stimulated lymphocytes (Barratt-Boyes et

al., 1992). In other in vitro studies, BT vi-

rus serotype 17 (BTV-i7) replication was

not demonstrated in freshly isolated PBM

cells from cattle, even when cultures were

stimulated with mitogen (Stott et al.,

1990). Replication of BTV-i7, however,

was observed in established lymphocyte

cultures from cattle, and was restricted to

cells undergoing blastogenesis. At the cell

population level, in vitro BTV-i7 replica-

tion was demonstrated in T-helper, T-cy-

totoxic/suppressor, and null cell popula-

lions (Stott et al., 1992). Although these

results are evidence that the BT viruses

can replicate in lymphocyte populations,

long-term or persistent lymphocyte infec-

tions in cattle currently are lacking

(MacLachlan et al., i990).

In this study, we utilized both in vitro

and in vivo techniques to: (1) determine if

the North American EHD and BT viruses

will replicate in white-tailed deer PBM

cells; (2) identify which cell fractions

(monocytes and lymphocytes) are neces-

sary for viral replication; (3) evaluate the

potential effects of mitogen stimulation on

viral replication; (4) determine if these vi-

ruses are PBM cell associated during ex-

perimental infections of deer; (5) deter-

mine the distribution of virus in peripheral

blood components, such as platelets, PBM

cells, polymorphonuclear (PMN) cells, and

erythrocytes in white-tailed deer experi-

mentally infected with EHDV serotype 2

(EHDV-2) and BTV-iO; and (6) demon-

strate the association between EHD and

BT viruses with white-tailed deer eryth-

rocytes by electron microscopy.

MATERIALS AND METHODS

To determine if the BT and EHD viruses
would replicate in PBM cells, approximately 20
ml of blood was collected in heparinized tubes

from each of 10 hand-reared white-tailed deer
fawns (3- to 6-mo-old). All fawns were negative
for antibodies to viruses in the EHD and BT
vinls serogroups as determined by agar gel im-

munodiffusion (AGID) tests (Pearson and Jo-
chim, 1979). Blood samples were centrifuged

at 250 X G for 10 mm and platelet-rich plasma
was removed. The original blood volume was

restored with Dulbecco’s phosphate buffered

saline (DPBS) (Sigma Chemical Co., St. Louis,

Missouri, USA) and 15 ml were overbaid on a
ficol gradient (15 ml Histopaque 1077, Sigma
Chemical Co.). After 45 mm of centrifugation
at 400 X G, the band containing PBM cells was
harvested. Harvested cells were washed three

times in DPBS, resuspended in 2 ml of main-

tenance medium consisting of minimal essen-

tial medium with non-essential amino acids,
supplemented with L-glutamine, iO% fetal ho-
vine serum and antibiotics (100 units penicillin,

0. 1 mg streptomycin, and 0.25 pg amphotericin
B!ml) (Sigma Chemical Co.) and cells were

counted.
Cells were diluted to a concentration of 5 X

� cells!ml in maintenance medium. For each
deer, 1 ml of the cell suspension was seeded

into eight wells of a 24-well tissue culture plate.
An additional eight wells were inoculated with
maintenance medium only and served as a no-
cell negative control. For each deer and no-cell
negative control, one well each was inoculated
with 50 p.l of viral suspension containing ap-
proximately 400 median tissue culture infective

doses (TCID�o) of EHD virus serotype i

(EHDV-1), EHDV-2, BT virus serotype 2
(BTV-2), BTV-iO, BT virus serotype ii (BTV-
ii), BT virus serotype 13 (BTV-i3), or BTV-

17. The final well for each animal and the con-
trol were inoculated with 50 p1 of maintenance
medium to serve as a negative (no virus) con-
trol. All viruses used in this trial were grown
on baby hamster kidney cells (BHK21) (Amer-

ican Type Culture Collection, Rockville, Mary-
land, USA) from original stocks obtained from
the National Veterinary Services Laboratories
(NVSL, Science and Technology, Animal and
Plant Health Inspection Service, USDA, Ames,
Iowa, USA) (BTV-2) and the Arthropod-Borne
Animal Disease Research Laboratory (USDA,

ARS, Laramie, Wyoming, USA) (all other
EHDV and BTV serotypes). All of the test vi-
ruses were quantified by endpoint titration in

96-well tissue culture plates using BHK21 cells.
Eight replicate wells were used for each dilu-
tion, and titers were determined as described

by Reed and Muench (1938).
At 8 days post inoculation, all wells were

scraped with a pipette tip and tissue culture
medium and cells were harvested and frozen at
-70 C. Upon thawing, tissue culture media and

suspended cells were sonicated and viral titers
were determined by endpoint titration in
BHK21 cells as described above. Evidence of
viral replication in this and all subsequent trials

was based on a 10-fold rise in titer compared
with the titer of the original inoculum.

To determine if replication of EHDV-2 and
BTV-iO was occurring in lymphocytes and!or
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monocytes, peripheral blood mononuclear cells
were harvested as described from four deer.

Cells were counted, and evenly divided for in-
ocubation into six 25 cm2 tissue culture flasks.

Four of these flasks, containing 5 ml of main-
tenance medium, were inoculated directly. Cell

counts varied by deer and ranged from 5 X 10�

to 2.2 X 106 cells per flask. Cells for the re-
maiming two flasks were first suspended in

maintenance medium supplemented with 5
mM l-leucine methyl ester (Sigma Chemical
Co.) to deplete monocytes (Wacholtz and Lip-
sky, 1993). After 45 mm at 37 C, these cells
were washed once with DPBS and added to the
two remaining flasks also containing 5 ml of

maintenance medium . Flasks were incubated
at 37 C with 5% CO2 for 24 hr. At this time,

the medium containing primarily non-adherent
lymphocytes from two of the directly inoculat-

ed flasks was transferred into two additional tis-
sue culture flasks. Maintenance medium was

then added to the original flasks in which the
primarily adherent monocytes remained.

At this point, each deer was represented by
eight flasks representing four treatments, two
each of total PBM cells (lymphocytes and
monocytes), non-adherent cells (primarily lym-
phocytes), the adherent cells (primarily mono-
cytes), and l-leucine methyl ester monocyte de-

pleted cells (primarily lymphocytes). One flask
for each deer and cell type was inoculated with
50 �d of either EHDV-2 or BTV-iO at an initial
titer ranging from 1 x iO’#{149}5to 1 X iO�

TCID�,W50 pb. For each virus, a control flask
containing maintenance medium, but no cells,
also was inoculated. At day 8 post-inoculation

the contents of each flask was collected and fro-
zen at -70 C. Upon thawing, cells and medium
were sonicated and virus titers were deter-
mined by endpoint titration as previously de-
scribed.

The potential effects of mitogen stimulation
on BTV-iO and EHDV-2 replication in white-
tailed deer PBM cells and lymphocytes was in-
vestigated in two additional trials. PBM cells
were harvested as previously described from

two deer. For each deer, 1 ml of cell suspension
containing from 6 x i0� to 1 X 106 cells was
inoculated into 16 wells of a 48-well tissue cub-
ture plate. An additional 16 wells were inocu-
bated with maintenance medium to serve as a

no-cell control. Eight wells representing each
animal and the control were inoculated with 25
p1 of either EHDV-2 or BTV-iO. Four of these
eight wells were treated with 5 pb of concana-
valin A (Con A) (Sigma Chemical Co.), which
represented a final concentration of 5 pg Con
A/webb as described by Quist et al. (1997). At
this Con A concentration, lymphocyte blasto-

genesis could be easily visualized by light mi-

croscopy. Contents of wells were harvested on
post-inoculation days 2, 4, 6, and 8, and were
frozen at -70 C for future virus titrations.

For the lymphocyte trials, PBM cells were
harvested from four deer and monocytes were
allowed to adhere for 24 hr in a 25 cm2 flask.
The non-adherent cells (lymphocytes) were
used to seed the 48-well tissue culture plate.
The experimental protocol was identical to the
PBM cell mitogen trial except that cells were
harvested for virus titrations on days 2, 4 and

6 post-inoculation.
The distribution of EHDV-2 and BTV-iO in

infected white-tailed deer was investigated in
nine white-tailed deer which were infected

with either EHDV-2 (n 8) or BTV-iO (n
i) as part of another study (Quist et al., 1997).

Blood was collected in citrated vials from each
infected deer for virus isolation on days 4, 8,

14, 17, and 21. The PBM cell fraction was sep-

arated on a ficol gradient as previously de-

scribed. Cells were counted and diluted to a
minimum of 2 x i06 cells!mb in DPBS. An ad-
ditional sample of citrated whole blood was
washed three times in DPBS, and cells were
resuspended to the original blood sample vol-
ume. Blood samples diluted i:iO in DPBS and
PBM samples were sonicated and inocubated

onto BHK21 cells for virus isolation.
In addition, blood was collected in heparin-

ized vials from eight deer 7 days after they
were experimentally infected with either
EHDV-2 (n 7) or BTV-10 (n 1). To sep-
arate individual blood components from these
samples, 4 ml of blood from the original sample
was centrifuged at iOO X G and the platelet-
rich plasma was removed. The platelet fraction
was removed by additional centrifugation of the
plasma at i500 x G. Remaining blood cells
were resuspended in DPBS to the original 4 ml
volume and layered onto a gradient consisting
of 4 ml of Histopaque 1077 over 4 ml of His-

topaque 1119 (Sigma Chemical Co.). After cen-
trifugation, the PBM cells, PMN and erythro-
cytes were harvested. The PBM and PMN frac-
tions were resuspended in 1 ml of DPBS and

remaining erythrocytes were lysed by the ad-
dition of 3 ml of cell lysing solution containing
0. 15 M sodium phosphate (Na2HPO4), and
0.15 M potassium phosphate (KH2PO4). After
50 sec, 3 ml of a restoring solution containing
2.7% (weight per volume) sodium chloride,
0.15 M sodium phosphate and 0.i5M potassi-

um phosphate was added. Cells were centn-
fuged at 1,000 x C, washed in DPBS, and re-
suspended in 1 ml of DPBS. Harvested eryth-
rocytes were washed twice in DPBS and resus-
pended in 4 ml of DPBS. Cytocentrifuge

preparations were made of each cell fraction
and were stained with Diff-Quick (Scientific
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TABI.E 1. Replication of epizootic hemorrhagic (lisease virus and I)llletongtle �.inus serotvpes in wlsite-tailed

deer I)efll)lseral 1)10001 1s�)nont1Clear cell cultures.

Itix-

tutu

Vine; titer ( L()g1() TCID�/t
Deer tiuttiber

il ott �la v 5)

Serotupe tutir 75 79 So 81 S�3 84 55 56 57 91 Meats1 (�otutrol

ElIl)V-i 2.5 4.8 3.6 4.2 4.5 4.6 4.7 4.6 5.5 5.3 3.0 4.5 <22d

EIII)V-2 2.8 5.1 3.6 4.3 3.6 4.6 3.8 4.2 4:3 4.5 3.6 4.2 2.3

BTV-2 3.0 :3.3 2.5 �3.8 4.6 4.6 3.3 4.8 5.8 4.8 4.2 4.2 <2.2

BTV-l() 1.9 4.8 4.2 4.0 4.2 4.7 4.3 4.6 4.8 4.6 3.1 4.3 <2.2

BTV-ll 2.9 4.6 4.6 4.0 3.8 4.3 4.8 4.5 4.6 4.8 3.6 4.4 <2.2

BTV-13 2.9 4.5 4.2 4.5 5.0 4.7 4.1 5.1 4.1 5.0 4.2 4.5 <2.2

BTV-17 2.8 3.7 3.2 3.3 3.2 3.8 3.1 4.5 4.6 3.7 2.3 3.5 <2.2

Negative

controlt 0.0 <2.2 <2.2 <2.2 <2.2 <2.2 <2.2 <2.2 <2.2 <2.2 <2.2 - <2.2

.1 I .og1() (T(:I I).�/tuul ) of sinus itsoctilated itsto �icls �sell.

I) Sleatu titer.

1� Cotitrol �sills - vinus �vithotut cells.

(I <2.2 = lxlo�s tuituinsuittu (letectal)lc titer.
I. (otstrol ��cIl - cells svithotit virtus.

Products, Stone Mountain, Georgia, USA) to

estimate the relative number of each cell type
in the preparations.

All cell fractions including platelets, PBM

cells, PMNs and erythrocytes were sonicated
prior to endpoint titration in 48-well tissue cul-
ture plates. Four replicates were used at each

dilution, and plates were incubated at 33.5 C
for 7 days. At that time, cells were scraped and

100 ial of the resulting suspension was inocu-
lated into a second 48-well plate that was in-

cubated for an additional 7 days. Endpoints

were determined based on detected cytopathic

effect on the second passage.
To demonstrate an association between the

EHD and BT virus and white-tailed deer eryth-

rocytes, blood was washed with DPBS and the
cells were resuspended to original volume with
DPBS. Approximately iO p.l resuspended cells

were incubated at 37 C for 18 hr with 500 pl

of either EHDV-2 (1 x i0�’ TCID,�/ml) or
BTV-ii (1 x 106.5 TCID5Wm1). The washed

blood and virus mixtures were centrifuged at
1,000 X G and the resulting pellet was restis-
pended in a fixative containing 2% paraformal-

dehyde (Sigma Chemical Co.), 2% glutaralde-

hyde (EM Sciences, Gibbstown, New Jersey,

USA), and 0.2% picric acid (J.T. Baker, Phil-
lipsburg, New Jersey, USA) in 0. 1 M cacodylate

buffer (pH 7.2-7.4) (Sigma Chemical Co.), and
then refixed in osmium tetroxide, dehydrated

in graded alcohols, and embedded in Spurr’s

Epoxy resin (Spurr, 1969). Thin sections were
stained with uranyl acetate and Reynolds’ lead

citrate (Reynolds, 1963), and examined with a

transmission electron microscope.

RESULTS

All EHD and BT viruses tested in vitro

replicated in white-tailed deer PBM cells

(Table i). The mean titers for the seven

serotypes were very consistent and did not

vary by more than i0� TCID50. The extent

of replication for these serotypes, however,

varied between deer, and in some cases

(BTV-2) more than a 1,000-fold difference

in viral titers for a given serotype was ap-

parent between animals. Virus was detect-

ed in control (no-cell) wells after 8 days,

but in no case did virus titers exceed the

titer of the original inoculum.

Viral replication of EHDV-2 and

BTV-iO was dependent on the presence of

monocytes, and with one exception (deer

82, BTV-iO) little or no replication was ob-

served in either the non-adherent or l-leu-

cine methyl ester HC1 lymphocyte flasks

(Table 2). In contrast, virus replication was

detected in all but one (deer 85, EHDV-2)

of the combined lymphocyte/monocyte

flasks and five of eight flasks containing ad-

herent monocytes.

Viral replication was not enhanced by

Con A treatment of PBM cells (Table 3)

or lymphocytes (Table 4). As in the pre-

vious trial, replication was demonstrated in

all but one (deer 82, BTV-iO, Con A-sti-
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TABLE 2. Replication of EHDV-2 and BTV-10 in monocyte and lymphocyte fractions of white-tailed deer

peripheral blood.

Animal

number Serotype Inoculuma

Virus tite r (Logio TCID�jm 1) post-inoculati on day 8

Lymphocyte!
monocyteb Lymphocytec Monocyted Lymphocvtec

82 BTV-10

EHDV-2

1.5

2.5

4.1

4.8

3.6

2.2

3.1

3.6

<2.2

2.2

85 BTV-10

EHDV-2

1.5

2.5

3.4

<2.2

2.2

2.9

2.2

2.2

1<2.2

<2.2

11 BTV-l0

EHDV-2

2.0

2.2

4.1

3.6

<2.2

2.2

4.0

2.4

2.9

2.3

13 BTV-i0

EHDV-2

2.0

2.2

4.2

3.6

2.6

<2.2

4.3

3.2

<2.2

2.3

a Logto (TCID�Jtnl).

I) Peripheral blood mononuclear cell cultures.

C Non-adherent cells after 24 hr incubation.

d Adherent cells after 24 hr incubation.
(� L-leucine tnethvl ester HCI monocvte depleted lymphocytes.

mulated) of the PBM cell (lymphocytes

and monocytes) cultures; but in only one

(deer 17, BTV-iO, unstimulated) lympho-

cyte culture.

Virus was isolated from the experimen-

tally inoculated deer from both washed

whole blood cells and the PBM cell frac-

lion (Table 5). Virus isolations from the

PBM cells, with two exceptions (deer 77

on day i7 and deer 79 on day i4), were

restricted to post-infection days 4 and 8.

Viral liters of individual blood cell frac-

lions collected on post-inoculation day 7

on eight experimentally infected deer were

highest in erythrocytes (Table 6). In no

cases did viral titers detected in platelets,

PBM cells, or PMNs approach titers ob-

served in washed whole blood.

Both EHDV-2 and BTV-ii were asso-

ciated with white-tailed deer erythrocytes

as demonstrated in vitro (Fig. i). With

both viruses, virions were embedded in

pits on the surface of the erythrocytes.

DISCUSSION

All of the EHDV and BTV serotypes

replicated in white-tailed deer PBM cells

and with few exceptions this replication

appeared to be monocyte-dependent. Viral

replication in deer monocytes was consis-

tent with results from cattle (Whetter et

1 i989; Barratt-Boyes et al. , 1992),

where these cells may be important in the

initial replication of BT virus in bovine

lymph nodes (Barratt-Boyes and Maclach-

lan, i994). Some exceptions to this were

encountered, such as the detected repli-

cation of BTV-iO in the non-adherent lym-

phocyte fraction of deer 82 and the mini-

mal or lack of replication observed with

EHDV-2 in the monocyte fraction of deer

85 and ii (Table 2). This variation may be

attributable to the crude separation tech-

niques employed in this study, especially

since adherence may not occur with all

monocytes (Pennline, i98i). For this rea-

son, more detailed work is needed to un-

equivocally prove that replication is occur-

ring in this specific cell type.

The apparent inability of these viruses

to replicate in resting white-tailed deer

lymphocytes was consistent with results

from cattle (Stott et al., 1990; Barratt-Boyes

et al., 1992). The inability of these viruses

to replicate in stimulated white-tailed deer

lymphocytes, however, was in contrast to

results reported from cattle (Barratt-Boyes

et al., 1992). Although visible blast cell for-
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a Notu-adliereust cells after 24 Is in culture.

TABLE 3. Effects of mitogen stimulation on replication of EHDV-2 and BTV-10 in white-tailed deer pe-

riplseral 1)100(1 niononuclear cell cultures.

Deer Cells/well Serotvpe

Inocu-

lum

titer Treatment

Virus titer (Logio TCID�/ml)

Days post-inoculation

2 4 6 8

82 6 X io� EHDV-2 2.5 Unstim.

Con A

<2.2

2.2

3.3 4.3

<2.2 4.0

>5.1

5.0

82 6 X H)� BTV-10 2.0 Unstim.

Con A

2.9

<2.2

3.9 4.1

2.2 <2.2

4.2

2.2

85 1 X 106 EHI)V-2 2.5 Unstim.

Con A

3.8

2.2

3.2 3.2

3.3 >5.1

3.9

4.9

85 1 X 106 BTV-10 2.0 Unstim.

Con A

3.6

<2.2

3.1 4.0

2.3 4.2

4.4

>5.1

Control None EHI)V-2 2.5 Unstim.

Con A

2.4

3.0

2.4 <2.2

2.4 <2.2

<2.2

2.2

Control None BTV-10 2.0 Unstim.

Con A

<2.2

2.2

<2.2 <2.2

<2.2 <2.2

<2.2

<2.2

mation was apparent in both Con A-sti-

mulated white-tailed deer PBM cell (Table

3) and lymphocyte cultures (Table 4), no

enhancement of viral replication was de-

tected. As observed in our other trials, vi-

ral replication occurred only if the adher-

ent cell fraction was present, and in this

case, the addition of Con A had little or

no effect. This further supports the prem-

ise that replication in deer PBM cells is

monocyte-dependent. The lack of effect

associated with Con A stimulation of deer

lymphocytes is puzzling and may relate to

experimental protocol rather than a true

species difference. In previous studies,

lymphocytes were stimulated with both

IL-2 and Con A (Stott et al., 1992; Barratt-

Boyes et al. , 1992; Brewer and Mac-

Lachlan, 1994), whereas cells were slim-

ulated with only Con A in this study. In

addition, lymphocyte subset differences

were apparent in the ability of the virus to

replicate in cattle lymphocytes (Stott et al.,

1992), and this was not considered in this

study.

The detection of EHDV-2 in PBM cells

of experimentally infected deer was con-

sistent with results reported from BT virus

TABL.E 4. Effects of mitogen stimulation on replication of EHDV-2 and BTV-10 in white-tailed deer lym-

phocvte�’ cultures.

Deer Cells/well Serotvpe

Inoculum

titer Treatment

Virus tit

Da�
.

er (Log1o TCI
� post-inoculat

D�tsil)

jots

2 4 6

14 2 x 1&� EHDV-2 2.5 Unstim.

Con A

2.6

2.6

2.4

<2.2

<2.2

2.2

25 4 X i&� EHI)V-2 2.5 Unstim.

Con A

2.4

2.3

2.6

2.2

<2.2

2.2

17 3 x io� BTV-10 2.3 Unstini.

Con A

3.2

<2.2

4.0

2.3

3.9

3.2

15 1 x 1&� BTV-10 2.3 Unstim.

Con A

<2.2

2.6

2.9

2.6

2.3

2.6

Control None EHDV-2 2.5 Unstim.

Con A

2.6

2.6

2.4

2.2

2.3

2.3

Control None BTV-10 2.3 Unstim.

Con A

<2.2

<2.2

<2.2

<2.2

<2.2

<2.2
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TABLE 5. l)etection of EIII)V-2 ausd BT’s’-lO in peripheral blood mononuclear and washed blood cells from

experimentally infected white-tailed deer.

Atsinsal number (serotype of experimetstal infection)

I)eer 76 D(’er 77 I)ecr 79 Deer 80 Deer 81 Deer 83 Deer 84 Deer 91 1)eer 87
I)av (EH1)V-2) (EHDV-2) )EIII)V-2) (EHDV-2) (EHDV-2) (EHDV-2) (EHDV-2) )EHDV-2) (BTV-10)

post-

itsocti- WW PBM W’sV \V\V WW W’sV W’sV \VW W%V \V%V

latiots B’ 8 B PBM B PBM B PBM B PBM B PBM B PBM B PBM B PBM

4 + + + + + + + + + + + - + - + + + -

S + + + + + + + + Di ed + + + + + + I)i ed

14 + - + - + + + - + - + - Died

17 + - + + + - + - + - + -

21 + - + - + - + - + - + -

.1 \V�isIut’d wisolt’ hlxxl cells.

1) Peripheral blood tootsontuclear rells.

infected cattle (Whetter et , 1986;

MacLachlan et al. , 1990) and sheep

(McColl and Gould, 1994). Virus could be

consistently isolated from the PBM cell

fraction only on post-infection days 4 and

8, and in only one deer each was virus de-

tected on post-infection days 14 (deer 79)

and 17 (deer 77). This short period of

PBM cell infection not only coincided with

the period of peak viremia in these ani-

mals, but also with initial detection of pre-

cipitating and neutralizing antibodies,

which were first detected between days 8

and 10 (Quist et al., 1997). In BTV-10-in-

fected cattle, virus was isolated from the

PBM cell fraction up to day 10 (Barratt-

Boyes and MacLachlan, 1994). It is inter-

esting that in cattle the detection of anti-

bodies was delayed as compared to deer,

but still coincided with the inability to iso-

late virus from the PBM fraction. This im-

plies that either virus or infected cells can

be rapidly neutralized or removed by the

immune response. There is recent evi-

dence from cattle that cellular immunity

may be important in this process (Barratt-

Boyes et al., 1995). Regardless of the

mechanism involved, results from deer, as

with cattle, are evidence that the pro-

longed viremia is not associated with the

PBM cell fraction.

The detection of virus in all blood frac-

lions of deer also was consistent with past

studies from cattle (MacLachlan et al.,

1990). However, it must be emphasized

that collection of blood from deer (Table

TABI.E 6. Titers of EHDV-2 atsd BTV-1() in peripheral blood cell fractions from experimentally infected

white-tailed deer.

BIox1 cell fraction ( Logto TCID�0/ml hloxl e(luivaletst day 7 post-in x’ulatiotu)

\Va.shed Mononuclear Polymorpisotsuclear
Deer Virus whole hlod Platelets Erythrocytes cells cells

79 EIll)V-2 6.0 2.4u not done <1.0 (88%)b 2.1 (71%)

80 EIIl)V-2 6.2 3.la not done 2.1 (100%) 2.0(96%)

83 El1l)V-2 6.0 3.la not done 1.6 (100%) 2.6(82%)

84 EIIl)V-2 6.0 3.1� notdone 2.0(71%) <1.0(98%)

91 El1i)V-2 6.0 34a not done 3.0 (100%) 3.0 (l()0%)

87 BTV- 10 3.7 2. 1� 4.0 < 1 .OC < lf$

41 1 EIIl)V-2 5.3 1.4� 4.3 2.7 (95%) 1.4 (98%)

70 E1Il)V-2 5.3 3.2a 4.9 2.7 (100%) 2.0(100%)

1 Ervtltrocvtvs (lctectv(I its plttt’lo’t fractious.

I) (� of olesireol cell t�,1w) Based ott 1(8) cell count.

(. (tll t’��xs sot (letcrtnined.
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FIcURE I . White-tailed (leer erythrocytes incu-

lMte(l with EII1)V-2. a. Ervthrocvte forming cup

aroltn(l virtotss. b. single virion (arrowhead) embed-

(led its pit ots the surface of eruthrocvte. Bar 147

nus’u.

6) coincided with peak viremia, which in

the case of EHDV-2 exceeded 1 X i0�

TCID5(/ml blood in all infected animals.

In all blood fractions, except the erythro-

cytes, viral liters were relatively low, and

never exceeded 1 X 10:3.4 TCID5(�/ml

blood. In addition, the possibility exists

that some or all of this detected virus re-

sulted from infected erythrocyte contami-

nation. Although erythrocytes were lysed,

released virus could have persisted in the

cell preparations. This was especially evi-

dent in the platelet fraction where eryth-

rocytes were detected on preparations

from all animals (Table 6).

The association between BTV and bo-

vine erythrocytes is well documented

(Brewer and Maclachlan, 1992; 1994) and

helps to explain the long-term viremia oh-

served in the presence of neutralizing an-

tibody. This same cell-association was ob-

served with both the EHD and BT viruses

and white-tailed deer erythrocytes. In the

case of white-tailed deer infected with

EHDV-2, viremia in excess of 50 days has

been demonstrated (Quist et al., 1997). As

with cattle and sheep infected with BT vi-

ruses, no evidence of long-term or persis-

tent infection of other blood cell types has

been demonstrated in vivo.

The pathogenesis of these viruses in

white-tailed deer may be very similar to

currently accepted pathogenesis models

for cattle where initial viral replication

probably occurs in the lymphoid tissue of

the lymph nodes and the spleen (Barratt-

Boyes et al. , 1995). This may represent the

combined results of viral replication in

both monocytes and some subsets of stim-

ulated lymphocytes. Later in infection, the

virus associates with erythrocytes, where it

is sequestered and subsequently protected

from the antibody and cell-mediated im-

mune response. Results from this study

support this pathogenesis model.

Demonstration of replication in PBM

cells is consistent with early replication in

lymphoid tissue, and in fact, both lymph

nodes and spleen are good sites for virus

isolation from naturally infected deer (D.

E. Stallknecht, unpubl. data). A major dif-

ference, however, is the ability of these vi-

ruses to infect endothelial cells in vivo. In-

fected endothelial cells are commonly ob-

served in BT virus infected deer (Howerth

et al., 1988), but not in cattle (MacLachlan

et al., 1990). In experimental infections of

white-tailed deer with BTV-17, virus infec-

lion of endothelial cells was demonstrated

as early as day 4 (Howerth and Tyler,

1988) and was responsible for extensive

microvascular damage and the develop-

ment of disseminated intravascular coag-

ulation (Howerth et al., 1988). Extensive

endothelial infection and damage also has

been observed in sheep which, like deer,
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can be highly susceptible to BT virus in-

fection (Mahrt and Osburn, 1986). Such

endothelial cell infections may explain very

high blood liters and increased severity of

the disease seen in these species. In terms

of the long-term viremia observed in deer,

a similarity again exists with the described

pathogenesis in cattle. In both cases, long-

term viremia appears to be associated with

the erythrocyte fraction.
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