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EXPERIMENTAL INFECTION OF WHITE-TAILED DEER

WITH RINDERPEST VIRUSW

F. M. HAMDY, A. H. DARDIRI, D. H. FERRIS and S. S. BREESE, Jr.,

US. Department of Agriculture, Agricultural Research Service,

Plum Island Animal Disease Center, Greenport, Long Island, New York 11944, USA

Abstract: White-tailed deer (Odocoileus virginianus) succumbed to experimental in-
fection with virulent rinderpest (RP) virus that was also lethal to cattle and goats.
The deer developed clinical signs typical of RP and died 5 and 6 days post-inocula-
tion. Infection was confirmed by recovery of virus from blood before death, from
lymph node tissue after necropsy, and demonstration of specific complement fixing
antigen in those tissues. Electron micrographs of infected Vero cell cultures revealed
extracellular virions and intracytoplasmic and intranuclear inclusions made of
randomly distributed fibrillar strands.

INTRODUCTION

Rinderpest (RP) is an acute or sub-
acute highly contagious disease of cattle
and other ruminants characterized by a
lymphoid and mucosal reaction syn-
drome and high mortality rate. RP is a
classic example of a disease that kills
both domesticated and wild animals. Be-
cause epizootics of RP in both types of
animals occur in parts of Africa and
Asia, the disease has worldwide signifi-
cance and constitutes a threat to coun-
tries free of RP. Scott’5 presented lists
of animals susceptible to RP, and the
number of species involved was of a
magnitude to suggest that most artio-
dactyls could be included. A number of
species in the Cervidae have proven sus-
ceptible to natural or experimental
RP.”5” Experimental infection of
white-tailed deer (Odocoileus virginia-

nus) with RP virus has not been repor-
ted. Because this indigenous species is
numerous and widely dispersed in North
America, its susceptibility to RP is a
matter of obvious concern to wildlife and

agricultural authorities.’ Any informa-
lion on this subject is of concern not
only from the epizootiological point of
view, but also from the practical stand-
point of the possible role this species
might play as a source of RP infection
to other species.

This paper reports on the experimental
infection of white-tailed deer with RP
virus and the subsequent clinical picture,
post-mortem findings, re-isolation of RP
virus, and its identification.

MATERIALS AND METHODS

Virus:

The virulent Kabete “0” reference
strain of RP virus was used. This strain
was maintained for many years by pas-
sage in cattle in the Kabete Veterinary
Laboratory, Kenya. It was received by
the Plum Island Animal Disease Center
in 1954 and maintained by passage in
cattle and cell culture.’ The virus was
passaged once on Vero cell culture for
these experiments.

01 Mention of a trademark or proprietary product does not constitute a guarantee or warranty
of the product by the U.S. Department of Agriculture and does not imply its approval
to the exclusion of other products that may also b� suitable.
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Vero Cell Culture:

The Vero cell line was obtained from

the American Type Culture Collection.
The medium used was Earle’s balanced
salt solution with 0.05% lactalbumin
hydrolysate, 0.005% yeast extract,
0.0015% phenol red (LEY) supplemen-
ted with 5% fetal calf serum. One hun-
dred units of penicillin and 100 �sg of
streptomycin per ml were incorporated
at a final pH of 7.3.

Deer:

The deer were supplied by Dr. Frank
A. Hayes, Director, Southeastern Co-
operative Wildlife Disease Study, Athens,
Georgia. Three white-tailed deer (0.

virginianus) were infected with RP virus;
two of these were used in a viral re-
covery experiment. Each of the three
deer was inoculated intramuscularly with
1 ml of RP virus suspension containing
10� TCID’.. They were kept under ob-
servation in strict isolation during the
course of the experiment. Several unin-
fected deer served as environmental con-
trols.

Virus Isolation:

Defibrinated blood was collected from
two deer 3 and 5 days post-inoculation
(DPI) and centrifuged at 1,500 xg in an
International Centrifuge for 15 mm. The
buffy coat cell (BCC ) -rich fraction was
separated, and 0.2 ml was inoculated on
Vero cell cultures grown in 60 ml Fal-
con plastic flasks. Lymph nodes taken
from the necropsied deer were tested for
virus isolation. A 10% suspension in
LEY medium was prepared and tested
in the same way as with blood samples.

Cultures were incubated for 1 h at
37 C to allow seeding of leukocytes, after
which the fluid maintenance medium was
added. Medium was changed after 2 days
and then at 3-day intervals until cyto-
pathogenicity was observed.

Virus Neutralization:

Two viral isolates recovered from two
deer 3 and 5 DPI were identified by
virus neutralization. Virus suspensions

were harvested at a stage of approxi-
mately 50% cell destruction by cytopa-
thic effects (CPE). Cell-free virus pre-
parations were tested for neutralization
by goat RP immune serum. Normal con-
trol and RP-specific immune goat sera
were diluted 1:5 in phosphate buffered
saline and inactivated at 56 C for 30
mm. They were then chilled, dispensed
in test tubes, and mixed with equal
volumes of a series of 10-fold virus di-

lutions. The virus-serum mixtures, as
well as the virus and serum controls,
were incubated at 37 C for 30 mm., after
which they were chilled and 0.2 ml of
each mixture was inoculated in two Vero
cell cultures grown in 60 ml Falcon plas-
tic flasks. After 1 h adsorption at 37 C,
the maintenance medium was added. A
few Vero cell cultures were left uninocu-
lated and served as controls. All cultures
were incubated at 37 C and examined by
light microscope for the development of
CPE. Titers were recorded as neutraliza-
tion indices representing the number of
logs of virus neutralized by the serum.

Complement Fixation (CF) Test:

Antigens were prepared from lymph
nodes (LN) collected from the dead
deer. A 10% (wt/vol) suspension was
made in veronal buffer diluent,1#{176}subjec-
ted to three cycles of freezing (-70 C),

and thawing (37 C), and clarified by
centrifugation at 2,000 xg for 1 h The
CF method was essentially the same as
that of the Laboratory Branch Task
Force’#{176}except that C’titration was per-
formed in the presence of the test anti-
gen. Five C’H50 units were used.

Electron Microscopy (EM):

Vero cell cultures inoculated with deer
BCC revealed CPE characteristic of RP,
and were repassed in Vero cells and
processed for EM. Normal control and

infected Vero cell cultures were fixed
in situ in 1% (wt/vol) glutaraldehyde
in a 0.1 M sodium cacodylate buffer pH
7.2 for 15 mm. at 4 C. After this initial
fixation, cells were gently scraped from
the plastic surface with a rubber police-
man and centrifuged at 500 xg for 5
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mm. to form a soft pellet. This pellet
was washed three times in cold 0.1 M

cacodylate buffer for 1 h at 4 C. Cells
were then post-fixed in 1% osmium tet-

roxide in 0.1 M cacodylate buffer, wash-

ed once in buffer, then dehydrated in a
graded ethyl alcohol-propylene oxide se-
ries, embedded in Epon 81211, and poly-
merized at 60 C for 24 h.

Thin sections were cut on a Porter

Blum MT-2 ultramicrotome (Sorvall,
Inc., Norwalk, Conn.) and stained with
uranyl acetate and lead citrate.� Electron
micrographs were taken with an RCA-
EMU-3G electron microscope.

RESULTS

Deer inoculated with virulent Kabete

“0” Reference strain of RP virus showed
typical clinical signs of RP, similar to
those in bovidae. Incubation period was
as short as 2 days, after which a high
body temperature (approximately 41 C)
was reached. By the third day, the ani-

mals were obviously sick, less active, and
depressed. Conjunctivitis with mucopuru-

lent discharge was observed by the fourth

day. Also, a nasal discharge and bloody

diarrhea developed. The animals died 5-

6 DPI after suffering severe prostration.

Necropsy revealed the following:

1. External Features-Eyes were de-

hydrated and sunken. A dried bloody
discharge was around the anus.

2. Digestive System-Lesions were ob-

served in the oral cavity as gingivitis,
congested soft palate, very tiny punched-

out erosions on the mucosa of the cheeks
and base of the tongue, thick and greyish

hemorrhagic discharge in the pharyngeal

cavity, and diffuse hemorrhage in the

esophagus and rumen. The rumenal mu-

cosa under the papillae was congested.

Catarrhal enteritis of the ileum was ob-
served, with sloughing of the epithelial
mucosa, originating at the duodenum and
becoming more pronounced in the cecum
and colon. Necrotic hemorrhagic enteritis
was observed in the colon. Rectal mu-

cosa had very pronounced zebra striping,
accompanied by massive sloughing of
the epithelium.

3. Respiratory System-Thick, greyish
blood-tinged discharge was present in
the pharyngeal cavity and extended to
the congested larynx. The tracheal epi-
thelium was congested, the lungs were
edematous, and hepatized areas were ob-
served in the apex and base of the dia-
phragmatic lobes.

4. Cardiovascular System-The heart
contained extensive subendocardial pe-
techial hemorrhages on the surface of
the auricles and on top of the heart, and
ecchymotic hemorrhages in the endocar-
dium. The submaxillary LN was dark
red, rigid, rubbery and edematous. The
cut surface showed edema and petechia-
tion. The prescapular LN was enlarged,
edematous and very hemorrhagic. Mesen-
teric LNs were large and edematous;
when cut, the surface exuded sanguinous
fluid. Abdominal LNs were dark in color,
resembling blood clots. The popliteal LN
was enlarged. Mediastinal areas had scat-
tered patches and areas of ecchymosis.

Virus Isolation:

Virus was recovered from blood sam-

ples taken 3 and 5 DPI and from LNs
from two deer after necropsy; virus isola-
tion from the third deer was not attemp-
ted. Vero cells inoculated with the BCC-
rich fraction or LN suspension developed
CPE approximately 8 DPI. The CPE
consisted of cell rounding and poly-
karyocyte formation. It started as dis-
crete foci and then spread outwards.
Fig. 1 is a photomicrograph of Vero cells
at 8 DPI. The inoculum was BCC pre-
paration from deer blood at 3 DPI.

Virus Neutralization:

Two isolates from two deer recovered

3 and 5 DPI were identified by neutrali-
zation test in Vero cell cultures. Goat
RP immune serum neutralized 5 and
�a4.3 logs10 of the two virus isolates
whereas normal goat serum did not have
neutralizing activity.
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RP virus; cell culture shows CPE. Bar = 25 ,cm.

Complement Fixation Test:

Antigens made from the deer LN
samples after death were tested for CF
activity against RP-specific goat anti-
serum. Results were positive with titers
of 640 as calculated by net weight of
original LN tissue. Control antigen from
RP-negative baby deer LN tissue simul-
taneously tested was negative at its low-
est dilution (10). No CF activity was
detected when LN antigens from deer
infected with RP virus were tested against
normal control goat serum.

Ultrastructural Morphology:

Thin sections of infected Vero cells
revealed viral forms at different develop-
mental stages: fibrillar strands in the nu-
cleus (Fig. 2); intracytoplasmic inclu-
sions consisting of random arrays of
fibrillar strands (Fig. 3); pleomorphic

particles in the process of budding from
the plasma membrane of infected cells;

and mature virions extracellularly (Fig.
4). The shape and size of the virus par-

ticles varied widely. Some of the vir-
ions contained strands similar in mor-
phology to those forming the cytoplas-
mic inclusions (Fig. 3). Others lacked
these internal structures.

DISCUSSION

Susceptibility of white-tailed deer to
experimental RP infection was demon-
strated according to the clinical, patho-
logical, immunologic, and morphologic
data. The incubation period was short, as
in Cervus aristotc/is inoculated with viru-
lent bovine RP virus.’ Clinical signs and
lesions in white-tailed deer were as severe
as in the highly susceptible breeds of
cattle. The infection expressed itself in

, .‘.-.,“

‘ .#{231},’�.

#{149} �‘�j �

FIGURE 1. Photomicrograph of Vero cell culture 8 DPI with blood from deer inoculated with
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FIGURE 2. Intranuclear inclusions made up of random array of fine fibrillar strands (arrow)

presumably viral RNA. Bar-I tim.
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an acute form as the inoculated animals
died after 5-6 days with lesions typical

of RP. This fatal reaction was different
from that in C. arisiotelis in which only
minor transient illness was recorded. The
clinical picture and lesions were similar
to those reported in natural RP infection
mn barking deer (Cers’ultts ,ntintjak)�, hog

deer (Cers’us porciiius),� and spotted deer
(Cers’us avis’)1 except that the course in
white-tailed deer was shorter.

The brevity of the course of the dis-

ease and its fatal consequence indicates
a higher relative susceptibility of white-
tailed deer to RP virus, because the same
amount of inoculated virus killed six
steers (age 18 months) at 6 DPI and

Journal of Wildlife Diseases Vol. 11, Ocfober,’1975

two goats (age approximately 10 months)
at 10 DPI. CF titers of 640 were also

detected in the six steers (F. M. Hamdy
and A. H. Dardiri, 1974, unpublished
data). This indicates that RP virus pro-
pagation in deer LN is comparable to

cattle.

Virus isolation from deer blood, and
its identification, leaves no doubt that
infection was established. With the EM,
additional evidence was obtained by de-
monstrating virus particles and virus re-

lated structures morphologically charac-
teristic of RP virus.”6 The EM revealed
a virus morphogenesis typical of myxo-
viruses and paramyxoviruses (cytoplas-
mic and intranuclear fibrillar strands,

FIGURES 2-4, Electron micrographs of thin section of Vero cell infected with RP virus, isolated

from deer blood, fixed with glutaraldehyde-osmium and stained with uranyl acetate and lead

citrate. N-nucleus; NM-nuclear membrane; PM-plasma membrane; and C-cytoplasm.
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FIGURE 4. Extracellular pleomorphic virions (small arrows) assuming different size and

shapes. Note the bizarre virion (large arrow). Bar = 0.5 jim.

FIGURE 3. Intracytoplasmic inclusions made up of randomly distributed fibrillar strands (ar-

row) thicker than those in the nucleus (Fig. 2). These are presumably viral ribonucleoprotein.

Bar-l �zm.
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virus budding from the plasma membrane
of the infected cells and particle pleo-
morphism). Holland7 and Kingsbury’
proposed a scheme explaining the se-
quence of events for myxovirus and
paramyxovirus replication. They conclu-
ded that replication occurred only in
the cytoplasm and not in the nucleus or
the nucleolus. We found that nuclei of
some infected cells had arrays of fine
strands. These were not observed in un-
inoculated control cells, indicating the
nucleus may have some role in the syn-
thesis of virus components. We propose
that a differential course of infection
involving nuclear functions may occur,
besides the replicative cycle in the cyto-
plasm. The cytoplasmic inclusions are
morphologically distinct from the nuclear

Acknowledgement

inclusions in that the cytoplasmic inclu-
sions are thicker and continuous. This
was also observed in cells infected with
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The pleomorphism of RP virus par-
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