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ABSTRACT: An apparently novel adenovirus was associated with an epizootic of hemorrhagic

disease that is believed to have killed thousands of mule deer (Odocoileus heinionus) in California

(USA) during 1993-1994. A systemic vasculitis with pulmonary edema and hemorrhagic enter-

opathy or a localized vasculitis associated with necrotizing stomatitis/pharyngitis/glossitis or osteo-
myelitis of the jaw were common necropsy findings in animals that died during this epizootic.

Six black-tailed yearling deer (0. hemionus columbianus) were inoculated with purified adeno-

virus isolated from a black-tailed fawn that died of acute adenovirus hemorrhagic disease during

the epizootic. Three of six inoculated deer also received intramuscular injections of dexametha-
sone sodium phosphate every 3 days during the study. Eight days post-inoculation, one deer

(without dexamethasone) developed bloody diarrhea and died. Necropsy and histopathologic find-

ings were identical to lesions in free-ranging animals that died ofthe natural disease. Hemorrhagic
enteropathy and pulmonary edema were the significant necropsy findings and there was micro-

scopic vascular damage and endothelial intranuclear inclusion bodies in the vessels of the intes-

tines and lungs. Adenovirus was identified in necrotic endothelial cells in the lungs by fluorescent

antibody staining, immunohistochemistry and by transmission electron microscopy. Adenovirus

was reisolated from tissues of the animal that died of experimental adenovirus hemorrhagic dis-

ease. Similar gross and microscopic lesions were absent in four of six adenovirus-inoculated deer
and in the negative control animal which were necropsied at variable intervals during the 14 wk

study. One deer was inoculated with purified adenovirus a second time, 12 wk after the first

inoculation. Fifteen days after the second inoculation, this deer developed severe ulceration of

the tongue, pharynx and rumen and necrotizing osteomyelitis of the mandible which was asso-

ciated with vasculitis and thrombosis of adjacent large vessels and endothelial intranuclear inclu-

sions. Transmission electron microscopy demonstrated adenovirus within the nuclei of vascular
cells and immunohistochemistry demonstrated adenovirus antigen within tonsilar epithelium and

in rare vessels.

Key words: Adenovirus, experimental study, hemorrhagic disease, vasculitis, mule deer, Odo-

coileus heinionus.

INTRODUCTION

We previously described an epizootic of

hemorrhagic disease in two subspecies of

mule deer (Odocoileus hemionus colurn-

bianus and 0. hemionus hernionus) that

was associated with a newly recognized ad-

enovirus (ADV; Woods et al., 1996).

Thousands of deer in over 17 counties of

California (USA) were believed to have

died between August 1993 and April 1994.

Pulmonary edema and hemorrhagic enter-

opathy were significant necropsy findings

in animals which died of acute systemic

disease. Vasculitis associated with endothe-

ha! intranuclear inclusion bodies was pres-

ent in numerous organs but was most con-

sistenthy present in the lungs and alimen-

tary tract. Abscesses and ulceration in the

mouth and in the forestomachs associated

with localized vascuhitis were seen in other

deer without systemic vasculitis. These an-

imals were emaciated with severe deple-

tion and serous atrophy of fat consistent

with death due to starvation.

Adenovirus was demonstrated in ne-

crotic endothehial cells in the lungs, esoph-

agus and ileum by fluorescent antibody

staining, immunohistochemistry and/or

transmission electron microscopy in 11

deer that died during the epizootic. Ade-

novirus was isolated in cell culture from

the lungs of a fawn (121#{176}00’N, 39#{176}20’W)

with systemic vascuhitis that died (luring
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the epizootic. In this same report, ADV

was identified in endothelial cells by im-

munohistochemistry and trans mission

electron microscopy in archived tissues of

two fawns from two separate herds which

experienced heavy mortality in 1987 attrib-

uted to a hemorrhagic disease. At the

time, the etiologies suggested in both cases

were presumptive bluetongue (BT) virus

or epizootic hemorrhagic disease (EHD)

virus even though neither virus was isolat-

ed in embryonated chicken eggs or cell

cultures. Necropsy changes seen in ani-

mals which die of adenovirus hemorrhagic

disease (AHD) are similar to those de-

scribed in deer infected with BT or EHD

viruses, and these diseases must be differ-

entiated (Karstad and Trainer, 1967; Hoff

and Trainer, 1981; Jessup et al., 1984;

Woods et a!., 1996).

The purpose of this study was (1) to de-

termine if purified ADV isolated from tis-

sues of a deer that died of ADH during

the California epizootic would produce

clinical signs, gross lesions, and microscop-

ic changes similar to those that were seen

in the free-ranging animals that died of

natural AHD, and (2) to subsequently re-

isolate ADV. Experimental inoculation

studies with purified ADV are necessary to

establish that this newly recognized ADV

is a cause of hemorrhagic disease in black-

tailed deer.

Fawns

MATERIALS AND METHODS

Seven neonatal black-tailed deer orphaned
fawns were collected from counties without re-

habilitation centers and raised until they were

yearlings. These fawns would have otherwise
been euthanatized under new regulations set
forth by the California Department of Fish and

Game (Rancho Cordova, California, USA) that
restricts transport of fawns between counties in

an effort to prevent the spread of disease.
Fawns were raised on goat milk with kid re-

placer (Purina Mills, Inc., St. Louis, Missouri,

USA). Calf manna (Farmers Warehouse Co.,
Keys, California, USA) and alfalfa hay were
available ad libitum. Fawns were weaned at 6

mo of age and fed oat and alfalfa hay and live-

stock pelleted ration with decreasing quantities

of calf manna. Water was available free choice.

Viral inoculum

Adenovirus was isolated in black-tailed deer

pulmonary artery endothelial cells (BTDPAE;
Woods, Davis, California, USA) from lung ho-

mogenates from a fawn (Yuba county, Califor-
nia, USA) that died during the 1993 epizootic

of AHD (Woods et a!., 1996). Adenovirus was
identified in cell culture by electron microscop-
ic examination of negatively stained prepara-

tions after incubating for 2 wk. Virions were
icosahedral, 77.6 to 79.6 nm in diameter and

had triangular facets consistent with members
of the Adenoviridae (Horwitz, 1990; Fenner et
a!., 1993). Cytopathologic effects were not ev-

ident in BTDPAE cells. Flasks were freeze!
thawed and centrifuged at low speed to remove
cellular debris and the supernatant was centn-
fuged for 60 mm at 248,000 X G. Sediment
was diluted in Dulbecco’s minimum essential
medium (MEM; Gibco, Life Technologies,

Inc., Grand Island, New York, USA) and placed
over a linear cesium chloride (CsCl) gradient,
1.3-1.46 mg/cm3, in phosphate buffered saline

(PBS), pH 7.4, and centrifuged for 18 hr at
290,000 x G. A single band consistent with the

buoyant density of Adenovindae in CsCl (1.34

mg/cm3; Horwitz, 1990) was collected, diluted
in PBS (pH 7.4) and dialyzed overnight in cold
PBS (pH 7.4). Inoculum was diluted 1:10, 1:
100 and 1:1000 and inoculated onto a mono-
layer of BTDPAE cells grown to confluence on
coverslips in 24-well plates. Inoculated cells
were incubated in Dulbecco’s MEM with 10%
fetal bovine serum (FBS; Sigma Chemical Co.,

St. Louis, Missouri, USA) for 14 days at 37 C.

Coverships were stained with fluorescein-iso-
thiocyanate-labeled antibody to bovine adeno-
virus type 5 (BAV-5; American BioResearch,

Seymour, Tennessee, USA) and examined using
an ultraviolet microscope. Fluorescein-labeled
cells were counted and the infectious titer was

determined (1 x 102 TCID�jJml). This prepa-
ration was used as inoculum for the experimen-
tal inoculation study.

Inoculation study

Six yearling deer (three males and three fe-

males) were randomly divided into two groups
of three animals and housed in separate isola-
tion rooms. Both groups (group A and B) were
inoculated intravenously, intratracheally and

through the mucous membranes of the eyes

and nose with 2 X 102 TCID50/ml purified
ADV diluted in PBS (pH 7.4). Three days prior
to inoculation with virus, and every 3 days for

4 wk, deer in group A received intramuscular
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injections of dexamethasone sodium phosphate

(Vedco, Inc., St. Joseph, Missouri, USA; 0.5

mg/kg). The seventh deer (male, negative con-

trol) was housed in a separate isolation room

and was inoculated by similar routes with 2 ml

of PBS. Pre- and post-inoculation serum sam-
pies (2.5 wk apart) were tested for antibodies

to EHD virus and BT virus using the agar gel
immitnodiffusion (ACID) test (Veterinary Di-

agnostic Technology, Wheat Ridge, Colorado,

USA) and the competitive ELISA (Veterinary

Diagnostic Technology, Wheat Ridge, Cobra-

do, USA), respectively (Patton et al., 1994). An-

imals were immobilized with xylazine (Miles

Laboratory, Shawnee, Kansas, USA; 1 mg/kg)
and bled every 3 days for 4 wk for serum col-

lection and complete blood counts. Yohimbine

(Lloyd Laboratory, Shenandoah, Iowa, USA;
0.25 mg/kg) was used as a reversal agent. At 12

wk post-inoculation, one asymptomatic male

deer from group A was reinoculated with pu-

rifled ADV through the nose, eyes, mouth and

trachea. All animals were euthanatized with eu-

thanasia solution (Schering-Plough Animal

Health Corp., Kenilworth, New Jersey, USA)

when clinical signs appeared or blood values

indicated a systemic inflammatory response or

at variable intervals during the period 14 wk

post-inoculation (P1; one deer 8 days P1, two

at3wkPl,twoat4wkPl,oneatllwkPl

and one reinoculated deer at 14 wk P1). Com-
piete necropsies were performed on all ani-
mals. Fifty-five identical tissue sections of ma-

jor organ systems were taken from each animal

during necropsy, immersed in 10% buffered

neutral formalin and processed routinely for

histologic examination. Large and small intes-

tinal contents from all animals were suspended

in distilled water, sedimented by centrifugation,

negatively stained with 2% phosphotungstate

and examined with a Zeiss 10 C electron mi-
croscope (Oberkochen, Germany). Specimens

oflung, ileum and oral lesions (2 X 2 mm) from

affected deer, unaffected inoculated deer and
the negative control deer were immersion-fixed
in modified Karnovsky’s solution (Nowell et al.,
1972), postfixed in 1% osmium tetroxide in 0.1

M sodium cacodylate and embedded in Med-
cast resin (Ted Pella, Redding, California,

USA). Ultrathin sections (70-90 nm) were
stained with uranyl acetate and lead citrate and

examined with a Zeiss 10 C electron micro-

scope.

Cryostat sections of lung (5 aim) from af-

fected deer were fixed in acetone/methanol (3:

1) for 20 mm and stained with bovine anti-
BAV-5 fluorescein-isothiocyanate-labeled anti-
body. In addition, conventional virus isolation
in specific-pathogen-free embryonated chicken

eggs and BT virus-specific polymerase chain re-

action (PCR; Akita et a!., 1993) were per-

formed on spleen, bone marrow, lung, and

blood from animals that developed acute AHD.

immunohistochemistry

A streptavidin-biotin-peroxidase method was

used for immunohistochemical staining (Cartun
and Pedersen, 1989). Tissues examined from

the animals with systemic disease included sec-
tions from all levels of the alimentary and re-

spiratory tracts, sections from the nervous sys-

tem, endocrine system, hemolymphatic system,
cardiovascular system, urogenital system and

muscular system. The upper alimentary tract
(oral pharynx, esophagus), cranial lymph nodes

(retropharyngeal, mandibular, cranial and cau-

dab cervical lymph nodes) and lungs were ex-
amined from the negative control and four in-
oculated unaffected animals. Several sections of

upper alimentary tract (including lip and
tongue lesions) and lungs were examined from

the animal with localized infection. Paraffin-

embedded tissue sections (2 to 3 p.m) were ap-

plied to Probe-on-Plus microscope slides (Fish-

er Scientific, Pittsburgh, Pennsylvania, USA)

and further processed using a MicroProbe
Staining System (Fisher Scientific, Pittsburgh,

Pennsylvania, USA). The sections were depar-

affinized in xylene, dehydrated to absolute eth-

anol and incubated with 3% hydrogen peroxide
in absolute methanol for 10 mm at room tem-

perature to quench endogenous peroxidase ac-

tivity. Sections were enzyme-digested for 15
mm at 37 C with prewarmed 0.4% pepsin (5mg-
ma Chemical Co., St. Louis, Missouri, USA) in
0.01 N HC1. Nonspecific background staining

was blocked by incubating the sections for 30

mm at room temperature with 10% heat-mac-
tivated normal goat serum, diluted in PBS-

BRIJ 35 (Fisher Scientific, Pittsburgh, Penn-
sylvania, USA), a detergent solution containing

0.075% BRIJ diluted in PBS (pH 7.4). Poly-

cbonal antisera against BAV-5 (American
BioResearch, Seymour, Tennessee, USA) was
applied at a 1:4000 dilution overnight at 4 C.
Following this incubation and each subsequent
incubation, the sections were rinsed 10 times
in PBS-BRIJ 35. The sections were then incu-
bated for 60 mm at room temperature with bio-
tinylated goat anti-bovine IgG (Kirkegaard and

Perry, Gaithersburg, Maryland, USA) diluted 1:
500 in PBS-BRIJ, followed by incubation for 60

mm at room temperature with the peroxidase-
conjugated streptavidin (Jackson Immuno-
Research, West Grove, Pennsylvania, USA) di-

luted 1:1000 in PBS (pH 7.4). Finally, the sec-
tions were developed with ammnoethylcarbazole
(Dako, Carpintena, California, USA), rinsed in
tap water, counterstained with Mayer’s hematox-
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FI( ;t Rt: I . Lu mugs of u black-tailed (leer (�earling)

�vitlu tx1zriuumcuutal systemic a(ltmnairmus infection. Pul-

unouuar\ e(lemuua iS utmost pr�1mim1(1t mu time (r�1nial. mid-

(lIe 111(1 antcrn)r portion of tiut (auu(lal lung lobes.

\Ot( time \�i(l(’ separation of lohules In interlobular

5�1)t�Ll ((l(IIhL.

�liii, ai�l miiounted using Crvstallniount (Bio-

meda, Foster City, California, USA). Formalin-

fixed lung sections from a (leer infected with

ADV were used as positive controls; normal ho-
vine senini (Jackson ImnuinoResearch, West

Grove, Pennsylvania, USA) (lililted 1:4000 in

PBS-BRIJ 35 was substituted for the pnnlary

antibody as a negative control.

Virus isolation

Lung homogenates (10� suspension in

MEM with antibiotics) from an affected deer,
that (lied S days after inoculation with ADV,
were inoculated onto BTDPAE cells in Dub-

hecco’s MEM with 10� FBS. Cultures were

examined daily for cvtopathic effect. Tissue

culture flasks were frozen at -70 C 2 wk P1,

thawed at room temperature and filtered

through a series of syringe filters (5.0 to 0.2

p.m), and the ultrafiltrate was centrifuged at

248,000 X G. The pellet was resuspended in

(liStilled water, applied to polyvinyl formal

coated copper grids and stained with 2%

phosphotungstate. Preparations were exam-

med with a Zeiss 10 C transmission electron

microscope.

Clinical signs

RESULTS

One female yearling deer in group B

(without dexamethasone) died within 9 hr

of developing clinical signs of hemorrhagic

disease (8 days P1 with purified ADV). The

animal appeared normal the previous

night at 10:00 P.M. By 6:00 AM. the next

morning, the animal was lethargic, in ster-

nal recumbency and died 1 hr later. The

perineum of this animal was stained with

dark red/black feces and there was bloody

fecal material on the floor of the room.

A male deer in group A (dexametha-

sone) that was reinoculated with purified

ADV 12 wk after the first inoculation with

ADV, became lethargic and developed a

swollen muzzle 15 days after the second

inoculation. This deer was asymptomatic

during the period between the first and

second inoculation and this was the only

deer in this study to be inoculated with

virus twice.

Necropsy

Pulmonary edema and intestinal luminal

blood were seen during necropsy of the

first animal that developed acute AHD in

group B. Lobules in the cranial, middle,

cranial portion of the caudal lung lobes

and hilus of the accessory lung lobe were

separated by severe interbobular septal

edema (Fig. 1). The small and large intes-

tines contained frank blood (Fig. 2). The

left ventricle of the heart had suffusion

hemorrhages on the endocardium. Caudal

cervical lymph nodes were enlarged, pur-

ple and wet. This yearling had twin fetuses

which were 18 cm long with tactile hairs

on the muzzles but no torso hairs.

In the animal that was inoculated twice

with ADV, there was a well-delineated

zone of necrosis characterized by pale, fri-

able soft tissue at the tip of the mandible

that extended into the bone (Fig. 3). Teeth

in this necrotic region were loose or ab-

sent. There were bilateral abscesses (1.5 to

3 cm in diameter) in the pharynx. The ab-

scess on the right side extended into the

deep retropharyngea! tissue. The middle

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 25 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



WOODS ET AL.-ADENOVIRUS HEMORRHAGIC DISEASE 805

FIGURE 2. Spiral colon ofa black-tailed deer with

experimental s�stemic a(lenovmnls infection. The In-

mnen of the spiral colon has been opened and heni-

orrhagk’ contents are exposed (arrows).

portion of the dorsal aspect of the tongue

had a large round (1.5 cm in diameter)

deep ulcer. Cranial lymph nodes (retro-

pharyngeal, mandibular, parotid and cra-

nia! cervical lymph nodes) were swollen,

wet and purple. The rumenal mucosa had

two large round (2 cm in diameter)

erotic foci with crateriform centers. The

remaining gastrointestinal tract and all

other organ systems examined were unre-

markable.

None of the other inoculated deer or

the control deer had changes consistent

with systemic AHD or ulceration/abscess-

es in the upper alimentary tract. With the

exception of one deer with aspiration

pneumonia, there were no significant nec-

ropsy findings in the remaining deer.

Histopathology

Microscopic changes in the animal from

group B with systemic AHD were similar

in the crania!, middle, cauda! and acces-

sory lung lobes. There was marked expan-

sion of the interlobular septa and pleura

by edema and multifocal hemorrhage. En-

dothelia! cells of the veins, venules, capil-

laries, arteries, and arterioles of the lungs

were hypertrophic and sometimes had in-

distinct eosinophihic or amphophilic intra-

FIctJRF: 3. NIandible of a black-tailed (leer �vith

experimiiental adenovirmis infection. The (lorsal surface

of the tongue has a large, (lee1) ulcer (black arro�v-

head). There is necrosis at the tip of the mmmam�lible

(open arro�v) �vhich extends into the i�one amid there

is necrosis of the bmmccal mnmicosa an(l I)lmlnlmx ( solid

black arrows).

nuclear inclusion bodies. There was vas-

cular margination of leukocytes, disruption

of the tunica intima by leukocytes (Fig. 4)

and fibrinoid necrosis in the tunica media

of some vessels. Sections of small and large

intestine had dense luminal erythrocytes

and moderate diffuse hemorrhage in the

lamina propria of the mucosa (Fig. 5). Vas-

cular changes in sections of intestine were

similar to those described in the lungs

(Fig. 5, Inset). Lymphoid patches in the

small intestines showed marked depletion

of lymphocytes. Follicular lymphocyte ne-

crosis and depletion were seen in the cra-

nia! and caudal cervical, retropharyngea!

and mandibular lymph nodes. Endothelial

intranuclear inclusions and degenerative

vascular changes were seen less frequently

in the nasal mucosa, oral pharynx, nasal

pharynx, crania! lymph nodes (retropha-

ryngeal, mandibular, cranial and cauda!
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FIGURE 4. � l)11l�10m1it�’Y vessel of a black-tailed

deer with eXI)eflmflental a(lenovlrmls infection. Endo-

thelial cells art h\1)ertroplli(’ an(l there are inflani-

ITlator’S (�(�11 infiltrates iii the tmmni(’a intinia extending

into the tuni(’a llle(lia. H&E. Bar 50 p.mn.

cervical lymph nodes), esophagus, fores-

tomachs, pulmonary artery, thymus, pan-

creas, brain, uterus, kidneys, spleen, uri-

nary bladder, skeletal muscle, and trachea.

There were flO microscopic changes in the

fetuses.

Necrotic lesions of the rumen, tongue,

lip and pharvnx from the reinoculated an-

imal from group A had distinct wehi-delin-

eated ulcers extending deep into the sub-

mucosa. Diffuse dense accumulations of

inflammatory cells consisting of macro-

phages and neutrophils (many degenerat-

ed) separated viable from nonviable tissue.

Decreasing numbers of mixed mononucle-

ar inflammatory cells admixed with fibro-

blasts extended peripherally from the ul-

cers. Some veins and variably-sized arter-

ies and arterioles in the adjacent viable tis-

sue had neutrophilic inflammatory cell

infiltrates in the tunica media and tunica

intima and endothelial cells were hyper-

trophic. Other vessels had fibrinoid necro-

sis in the tunica media. Vascular lumina

had marginated neutrophils and fibrin and

some vessels had fibrinocehlular luminal

thrombi. Indistinct endothehial intranucle-

ar inclusions were rarely seen in vessels

adjacent to the necrotic regions in the lip,

pharvnx and tongue. Cranial lymph nodes

FIGURE 5. Small intestines of a black-tailed (leer

with experimental adenovinis infection . Note (Iiffmmse

hemorrhage in the lamina pr�pna of the nuI(’osa.

dothehal cell in snbniucosal vessel (black arro�vhea(l)

is hypertrophic. H&E. Bar 1(X) nim. Inset. higher

magnification of vessel shown i)\ arrowhead. I Ivptr-

trophic endothelial cell has intranuclear inclusion

(white arrow). H&E. Bar 20 �j.mn.

were hypercellular with neutrophils, mac-

rophages and plasma cells filling the sub-

capsular, cortical and medullary sinuses.
The vascular network of the lungs had lu-

minal neutrophils and a few vessels had

fibin thrombi, but vascuhitis, endothehia!

hypertrophy, endothelial necrosis and in-

tranuclear inclusion bodies were not pres-

ent in the lungs or other organs examined,

aside from those mentioned previously.

In the remaining deer, one deer had mi-

croscopic changes in the lungs consistent

with aspiration pneumonia and another

had a mild, diffuse superficial rumenitis.

There were no vascular changes in tissues

of these two deer or in tissues of the other

asymptomatic deer examined in which

there were no significant necropsy find-

ings.

Electron microscopy

Viruses were not identified in negative-

ly-stained preparations of small and large

intestinal contents from the seven animals

that were examined using an electron mi-

croscope. Transmission electron micro-
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scopic examination of Karnovsky’s-im-

mersed sections of ileum and lung from

the deer with acute AHD demonstrated

variable degenerative changes in endothe-

hal cells ranging from swelling of endo-

plasmic reticulum and mitochondria to

more severe changes such as fragmenta-

tion of the nuclei. Some endothehial cell

nuclei had paracrystalline arrays or loosely

dispersed viral nucleocapsids (68 to 72 nm

in diameter) with central electron-dense

cores (Fig. 6). Needle-like crystalline hat-

tices of variable length were present with-

in nuclei. In the deer with localized infec-

tion, rare adenovira! nucleocapsids were

seen in vascular cells (smooth muscle cells)

in the lip. Neither ADV nor endothelial

changes were detected in lungs and ileum

from the unaffected deer.

Immunohistochemistry

Adenovirus was demonstrated by im-

munohistochemica! staining in the nuclei

of endothelial cells lining arteries, arteri-

oles, veins, venules and less often, capil-

lanes in the deer with systemic AHD from

group B. Organs in which endothelium

was most heavily infected with ADV, as

demonstrated by large numbers of vessels

with heasy staining of the endothehium in-

cluded the lungs, thymus, alimentary tract,

cranial lymph nodes (retropharyngeal,

mandibular, parotid, cranial and cauda!

cervical lymph nodes), trachea, pulmonary

artery, placenta, and uterus. In the lungs,

endothelial cells lining large- and medium-

sized vessels, and small vessels (including

capillaries) surrounding bronchi were most

frequently stained. Endothehium lining

capillaries in the interalveolar septa rarely

stained. Endothehium in vessels of the kid-

neys, brain, urinary bladder, liver, spleen,

and remaining lymph nodes less frequent-

ly stained. Fetal liver, lungs, kidneys, brain,

thymus, and heart did not stain.

Immunohistochemistry of the lip and

tonsil of the deer with oral and forestom-

ach lesions demonstrated staining in the

tonsilar epithelium, rare leukocytes and

rare endothelial cells. Vessels in the lungs,

FIGURE 6. Lung of a black-tailed (leer with sys-

temic adenovirus infection. Transmission electron

photomicrograph shows degenerated enclothelial cell

��qth adenovirus (black arrowheads) in the nucleus.

Note needle-like array (white arrows). Endoplasmic

reticulum and mitochondria in the cytoplasm are di-

lated and swollen. Lead citrate and mmranvl acetate.

Bar 200 nmn. Inset: Negatively-stained preparation

of adenovirus isolated in black-tailed (leer pt1lmii�nary

artery endothelial cells from lung homogenates of

(leer with experimental systemic acleno�’iriis infection.

Phosphotungstate. Bar 50 urn.

oral pharynx, and cranial lymph nodes did

not stain in four of the inoculated unaf-

fected animals.

In the deer from group B with systemic

AHD, staining with the fluorescein-iso-

thiocyanate-labeled antibody directed

against BAV-5 was most concentrated in

endothelia! cells lining large and medium

arteries and veins and less frequent, the

endothelium lining smaller vessels (Fig. 7).

Staining was not apparent in fetal tissues.

Bacteriology and complete blood counts

Blood va!ues of the deer that died of

systemic AHD were within normal ranges.

Just prior to euthanasia, the white blood

cell count of the deer with localized ADV

infection was greater than 26,000/pA with

96% neutrophils. Blood cell counts in this

same deer were unremarkable during the

4 wk after the first inoculation except for

dexamethasone-induced lymphopenia. Ex-

cept for one animal which developed as-
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FICt RI 7. 1 .mimmg of a black-tailed (leer �vith ex-

ltm1mm1t�1mt�tl s\ St(tIIi( a(lemnairmls iiilrctioim. In this
l)Iack an(l \vhiitc phmotomimicrograpli. (mm(lothmelialnuclei

r(�t(’ti11g 1)Ositi\’(lV �vitIm BAV-5 f1,morcsceiu-labeled an-

tilodv a�)�)t’ar �vhmitc (�vhitc arro�vs . TIme (olor of the

poSitiV( reaction ��aS L(tIhLlI\’ al)l)lt green. Black ar-

ro\vhea(ls shna� fine, �slmitc elastic fibers �vhich ha�e

mmuimspecificallv r(L(tmL(l ��itlm E�aIIS Blot- (‘Otmuterstain

amnl �sere actually orange 1mm color. Iltraviolet light.

h�tr 51) p.m.

piration pneulnonia, none of the other an-

irrials had ahnornial blood differential

counts (except for the dexamethasone-in-

duced lvrnphopenia) . .4cti nomyces pyoge-

7les, Prevotella sp . , and Peptostreptococcus

anacrobius were isolated frolli the necrotic

lesion in the lip from the animal in group

A with localized AD\T infection.

Pre- and post-inoculation serum sam-

ples from all seven (leer were negative for

antibody to BT virus and EHD virus.

Bluetongue virus was not isolated from tis-

sues of the anima! with systemic AHD, nor

was BT virus detected in 1)100(1, spleen,

bone marrow and lung from the affected

animal in group B by PCR.

Virus isolation

Cvtopathic effects were not seen in cell

culture examined daily. Adenovirus was re-

isolated from lung homogenates of the

(leer with experimental systemic AHD in

BTDPAE cells after incubation for 2 wk.

Transmission electron microscopic exami-

nation of negatively-stained cell culture

preparations demonstrated virions that

were icosahedral, 77 to 80 nm in diameter

and had triangular facets (Fig. 6, Inset).

DISCUSSION

.Results of this study clearly demonstrate

that, in black-tailed deer, ADV can cause

a systemic vasculitis with gross changes

similar to hemorrhagic disease caused by

BT and EHD viruses. Gradient purifica-

tion of the ADV showed that this adeno-

virus is solely capable of reproducing the

gross and microscopic lesions seen in free-

ranging animals that died of apparent nat-

ural AHD. The ADV was identified, using

transmission electron microscopy, in the

nuclei of endothelia! cells that were inti-

matehy associated with the lesions. In ad-

dition, ADV antigen was detected in vas-

cuhar endothehium by both immunofluo-

rescent antibody staining and immunope-

roxidase staining. Finally, ADV was

reisolated in cell culture from tissues of

the deer that died of the experimentally-

induced systemic AHD, thus fulfilling

Koch’s postulates.

Mortality was high during the epizootic

of AHD in 1993, and it was speculated

that lack of a competent immune system,

either due to immunosuppression or age-

related underdeveloped humoral and cel-

lular immunity, may have been important

in the outcome of infection in deer. Im-

munosuppression is a significant factor in

fatal infections due to ADV in many spe-

cies (Fenner et a!., 1993). Natural immu-

nosuppression has been associated with

environmental stresses (Trindle et al,

1978) or infection with some infectious

agents. Environmental stress attributed to

drought was not determined to be a sig-

nificant factor affecting deer during the

1993 epizootic. Precipitation was above av-

erage the previous winter and ended a 6

yr drought in California. Animals necrop-

sied and diagnosed with systemic AHD

were well-fleshed. In addition, animals

came from different counties with differ-

ent environmental conditions. Coinfection
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of the ADV with an immunosuppressive

agent, which could have been highly prey-

alent during the epizootic, is another po-

tential explanation for the high mortality

that occurred in ADV-infected deer. To

simulate natural immunosuppression, half

of the ADV-inoculated animals received

intramuscular injections of dexametha-

sone. Adenovirus hemorrhagic disease de-

vehoped in an animal that did not receive

dexamethasone. This animal was pregnant,

however and this may have affected sus-

ceptibihity to disease. Blood profiles and

blood smears were normal in the affected

animal and in the other two animals which

did not receive the dexamethasone,

whereas lymphopenia developed in ani-

mals which received the dexamethasone.

Age-related underdeveloped humoral

and cellular immunity may be a significant

factor in susceptibility to AHD. Thirteen

mule deer were confirmed to have systemic

AHD during the epizootic and were rep-

resentative of numerous herds throughout

California experiencing high mortality. All

were fawns less than 6-mo-old except for

one juvenile and one adult. This experi-

mental inoculation study was delayed sev-

era! times. Animals were yearlings by the

time the experimental study commenced.

Two of six animals inoculated with ADV de-

veloped clinical disease. One animal was

pregnant and the other received dexameth-

asone. Information obtained from this

study and the natural outbreak suggest that

fawns may be more susceptible to infection

than yearlings or adults.

The animal that developed lesions lo-

calized to the upper alimentary tract after

a second inoculation with ADV received

dexamethasone 3 days prior to, and every

3 days for 4 wk after the first inoculation

with ADV. Lymphopenia was the only ab-

normal blood parameter during the 4 wk

after inoculation. Fifteen days after the

second virus inoculation the animal devel-

oped severe oral ulcers that were similar

to those that occurred in a subgroup of

animals that died of natural disease during

the 1993 epizootic in California. Adenovi-

ruses are typically potent antigens and an-

tibodies provide protection against homol-

ogous strains of ADV (Belak, 1990). Dexa-

methasone may have interfered with anti-

body production in this deer after the first

inoculation with ADV. Humoral immunity

is inhibited by glucocorticoid suppression

of corticoid sensitive B and T lymphocytes

(Trindle et a!., 1978). This animal may

have responded to the second inoculation

as if its immune system was naive to this

strain of ADV. The initial ADV inoculation

may have, on the other hand, stimulated

production of low levels of antibody. Ad-

enovirus-specific antibody may have re-

stricting localization of the virus to the up-

per alimentary tract in the animal inocu-

hated twice. Future development of an

ELISA test will help to determine the im-

portance of antibody with regard to sys-

temic and localized infections.

The endotheliotropic nature of this

strain of adenovirus is similar to BAV-10

(Smyth et a!., 1996), infectious canine hep-

atitis virus (Kelly, 1993) and a recently re-

ported porcine adenovirus (Tang et al.,

1995). Antibody against BAV-5 was used

successfully for both immunofluorescence

and immunoperoxidase staining to detect

virus in the tissues of infected deer, mdi-

cating the deer ADV is antigenically relat-

ed to BAV-5. Further serologic and mo-

hecular studies will be needed to deter-

mine the precise relationship of the deer

ADV to BAV-5.

With the hemorrhagic form of this ad-

enoviral disease, the virus most consistent-

ly infects endothelial cells in the lungs and

intestines causing vascular damage with

resulting pulmonary edema and hemor-

rhagic enteropathy. Disseminated intravas-

cular coagulopathy (DIC) has been shown

to contribute to the pathophysiobogy of

hemorrhagic disease in white-tailed deer

infected with BT virus (Howerth et al.,

1988) and EHD virus (Fletch and Karstad,

1971). Endothelial necrosis facilitates leak-

age of fluid, as occurs in the lungs of ad-

enovirus-infected deer. Additionally, en-

dothelial necrosis triggers platelet adhe-
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sion and agglutination culminating in DIC.

It is of interest that hemorrhage in the ad-

enovirus-infected deer was confined to the

small and large intestines, whereas, hem-

orrhage is reportedly more widespread in

white-tailed deer (Odocoileus virginianus)

infected with EHD or BT viruses (Fletch

and Karstad, 1971; Howerth et a!., 1988).

Immunohistochemical staining demon-

strated ADV antigen in endothelial cells in

several organ systems, yet microscopic ev-

idence of vascular damage was infrequent-

hy apparent in organs other than the lungs

and alimentary tract of the animal that

died of acute hemorrhagic disease. It is

unclear why the virus appears to have

varying effects on the endothelium of dif-

ferent organs, but results suggest possible

functional or structural differences in en-

dothelial cells from different organ sys-

tems.

Adenovirus was localized to the oral cay-

ity and rumen in the deer inoculated twice

with ADV. Vasculitis and thrombosis in

large vessels adjacent to necrotic regions

suggest the pathogenesis of the ulceration

is ischemia with resulting necrosis of the

region supplied by occluded vessels. Infec-

tion with several aerobic and anaerobic

bacteria ensues with invasion of deep soft

tissues and bone.

Histologic examination, as well as im-

munohistochemical staining did not dem-

onstrate the presence of ADV in tissues

from the fetuses in the affected animal.

Therefore, it does not appear that virus

crossed the placental barrier in this deer.

Fetal infection may not occur or may only

occur during a specific window of time

during fetal development.

Further studies are in progress to de-

termine if fawns are more susceptible to

fatal ADV infection than yearlings. In ad-

dition, transmission studies will determine

if virus is transmitted direcfly from animal-

to-animal via secretions, more typical of

ADV infections, or if a vector is required

for transmission of the virus between ani-

mals as is the case with BT virus and EHD

virus infections.
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