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Abstract: Neurologic disease attributed to infection by meningeal worm (Pane/a-

pizostrongylus tenuis) was diagnosed in seven fallow deer (Dama dama) from the
Land Between The Lakes region of Kentucky. Afflicted deer had paresis or paralysis
of the hindquarters which quickly progressed to tetraplegia. Gross and microscopic

cerebrospinal lesions were similar to those previously reported and consisted mainly

of nonsuppurative meningitis and radiculitis, focal granulomas on the surface of the
spinal cord, and nonselective malacia and glial scarring in brain and spinal cord.

Living P. te,zuis were recovered from brain or spinal cord in two deer, and degenerat-

ing nematodes were found in four. Possible epizootiologic relationships between the

parasite, fallow deer and white-tailed deer (Odocoi/eus virginianus) are discussed.

INTRODUCTION

White-tailed deer (Odocoileus virgi-

niatztis) are considered usual hosts for

meningeal worm, Pare/ap/zostnongylus

teizuis, and rarely suffer overt disease
from this neurotropic nematode. In

contradistinction, many other wild’’#{176}”

““ and domestic”#{176}”” ungulates de-
velop severe neurologic dysfunction
when these parasites migrate through

the cental nervous system. Spontaneous

neurologic disease caused by P. tenuis

was reported in a captive fallow deer

(Dama darna) held in an enclosure with
white-tailed deer in Georgia.’ The clini-

cal and pathologic findings associated
with naturally-occurring cerebrospinal

parelaphostrongylosis in fallow deer of
the Land Between The Lakes area of
Lyon and Trigg Counties, Kentucky, are
reported herein.

HISTORY

Land Between The Lakes (LBL) is a
68,800 ha strip of land under single
ownership separating two large reservoirs
(Kentucky Lake and Lake Barkley) in
southwestern Kentucky and northwestern
Tennessee (lat. 37’., long. 88’.). The area
is 9.7 to 12.9 km wide and 64 km long
and has a shoreline boundary on three
sides. Although the land has poor agri-

cultual qualities, it is used extensively

for outdoor recreation. A detailed de-
scription of the wildlife habitat, forest
resources and hydrologic condition has
been published.’ Presently, the Tennes-

see Valley Authority manages the pro-
perties as a national demonstration area
for conservation, recreation, and educa-
tion.

Among the unique fauna! features of
the LBL is an established herd of fallow
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deer which intermingles with white-
tailed deer. Approximately 20 fallow
deer were introduced in 1918 by a pri-
vate landowner. The fallow deer popu-
lation increased during the ensuing years
and presently consists of an estimated
600 animals. The population is centered
around the original release site in an
8,100 ha region which includes the 2,000
ha Environmental Education Center
(EEC).

White-tailed deer were relocated by
the Kentucky Department of Fish and
Wildlife Resources in the mid 1930’s.
Early white-tailed deer populations were

depressed by poaching and an undiag-
nosed epizootic which occurred in l949.�
The population of white-tailed deer has
increased in recent years, and managed

sport hunting for white-tailed and fallow
deer has been allowed since the mid

1950’s. The present white-tailed deer
density in the EEC is about 2.5 deer per
40 ha, while the fallow deer density
probably is 3.5. Overall deer density re-
cently was estimated by LBL biologists
at 3.3 deer per 40 ha in regions around
the EEC with white-tailed deer prevail-
ing.

As a biologist for the Tennessee Val-
ley Authority (TVA), one of the authors
(Smith) often has received reports of
fallow deer which showed locomotor
difficulties, and several opportunities
arose to capture afflicted animals on the
EEC and surrounding areas for post-
mortem examination.

MATERIALS AND METHODS

Living fallow deer were in moribund
condition, and were difficult to assess
neurologically. Tests for reflexes such as

flexor (withdrawal), patellar, palpebral,
pupillary and righting were attempted.
The response of deer to loud noises,

movements and general handling also
were noted. Blood samples were col-

lected in EDTA for hematologic studies.
Cerebrospinal fluid was obtained by cen-
tesis with an 18 gauge spinal needle at
atlanto-occipital junction. Pressure read-
ings were measured with a manometer
while the deer was in lateral recumbency.

Deer were killed humanely and de-
tailed necropsies performed. Brains and
spinal cords were removed and exa-
mined as previously described.” Tissue
samples were taken from cerebrum, dien-
cephalon, midbrain, cerebellum, medulla,
spinal cord and visceral organs. Spinal
cord was sampled at each spinal nerve
root in five animals. Tissues were em-
bedded in paraffin, sectioned at 7 �m
and stained with hematoxylin and eosin.

Samples of minced lung and feces
were examined by the Baermann tech-
nique for protostrongylid larvae. In ad-
dition, direct smears of tracheal mucus
were examined under magnification
(100 X).

RESULTS

Between October, 1973 and August,
1976, seven fallow deer were examined
because of neurologic impairment. Two
deer were unable to rise from lateral
recumbency when discovered. The re-
maining five had paresis or paralysis of
the hindquarters. The latter animals were
captured easily by hand, and each be-
came tetraplegic and moribund during 3
to 5 days of captivity. Six of the af-
flicted deer were males, and ages ranged
from 0.5 to 2.5 years. Deer were found
in March, April, May, August, Septem-
ber and October.

Terminal illness was characterized
by lateral recumbency and occasional
thrashing movements of the legs and
head. Flexor reflex usually was present
in front and rear limbs, and most deer
would raise their head in response to
painful stimuli to the feet. One deer had
rigid extension of the front legs. Al-
though animals were not as alert as
healthy deer, responses were made to
visual and auditory stimuli.

Blood examinations were performed on
three deer. Packed cell volumes ranged
from 39 to 50% and leukocyte counts
ranged from 4,800 to 10,280 cells/mm’.
Absolute values for various leukocytes
were: neutrophils 2,745 to 5,242; lym-
phocytes 480 to 3,906; monocytes 192 to
925; and eosinophils 0 to 211 cells/mm’.
Cerebrospinal fluid analyses of three
deer are presented in Table 1.
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Five of the seven deer had moderate
to heavy burdens of ticks (Amblyomina

arnenicaiztun and Derinacentor vaniabi/is).

Abrasions and contusions of the perior-
bital tissue were found on the recumbent
side in four animals and two deer had
subcutaneous hemorrhages overlying
bony prominences. Pulmonary emphy-
sema and inhalation of ruminal contents
were found on three occasions. Setania

�‘e/zi were present in low numbers (2 to
3 worms) in the abdominal cavities of

two deer. Organized plaques of fibrin at-
tributed to these helminths were observed
on the visceral pleura and liver capsule
of three animals. Distension of the uri-
nary bladder was found in three deer.
General physical condition was poor in
four deer, fair in two and good in one.

Gross cerebral lesions attributed to P.

teizuis were subtle and consisted of slight-
ly thickened and cloudy leptomeninges.
Exceptions to this were massive subdural
hemorrhages present in two deer as the
result of self-inflicted trauma. Patho-
logic alterations were more common in
the spinal cord and were best seen with
a dissecting microscope. Slightly raised
nodules, randomly distributed on the
surface of the cord, were the most fre-
quent finding. These nodules had a yel-
low to pink color, a caseous texture and
varied in shape from small round lesions

2 to 3 mm in diameter to tracts up to
15 mm long. Such areas primarily were
in the cervical and mid-lumbar region,

TABLE 1. Cerebrospinal fluid (CSF) values for

spinal parelaphostrongylosis.

but a few were found in the thoracic
cord and one was seen in the cauda
equina. Focal accumulations of green
caseous exudate also were observed be-
neath the dura and around spinal nerve
roots in several deer. Myelomalacia with
cavitation was found throughout the lum-
bar region of one deer.

Brains of six deer had histopathologic

lesions consisting of widely scattered foci
of malacia, glial scarring, perivascular
cuffing with mononuclear cells, micro-
hemorrhages and, rarely, small granulo-
mas. Spinal cord damage resembled that
reported by Kistner et al.’ in features
such as mineralization and mononuclear
cell infiltration beneath the dura and
around spinal nerve roots, indiscrimi-
nate leuko- and myelomalacia, and pen-
vascular cuffing. The small nodules ob-
served on the surface of the spinal cord
in the present cases were granulomatous
accumulations of large and small mono-
nuclear cells which often had germinal
centers similar to lymph nodes. Four
deer had cross-sections of dead nema-
todes contained within these nodules.
Lesions were distributed throughout all
regions of the spinal cord but were par-
ticularly severe in the cervical and lum-
bar areas.

Viable P. tenuis were recovered from
only two deer. A male fawn had one
worm in the cerebral meninges near the

dorsal sagittal sinus, another in the in-

ternal capsule and two in the spinal

three fallow deer, Dama dama, with cerebro-
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cord (T-3, L-4). An adult male deer
had one immature P. tenuis in the ven-
tral white matter at the thoraco-lumbar
junction of the spinal cord. In addition,
the aforementioned degenerating nema-
todes were discovered in four animals
on histopathologic examination. Proto-
strongylid eggs or larvae were not found
in fresh lung and feces or upon histo-
logic examination of the cerebral menin-
ges and lungs.

DISCUSSION

The effect of P. tenuis on the LBL’s
fallow deer population has been con-
siderably less devastating than that re-
ported for other susceptible ruminants
introduced elsewhere.”’1’15 Perhaps
there is a low prevalence and intensity
of P. tenuis infection in resident white-
tailed deer. In a previous study on the
LBL, 2 of 5 white-tailed deer harbored
single specimens of P. tenuis.1’ Differ-
ences in food habits or habitat prefer-
ences between white-tailed and fallow
deer are considerations,’ although such
have not been noted by resident biolo-
gists. A third possibility is a sex-related
difference in susceptibility. To date, 7 of
8 fallow deer (including previous re-
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