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ABSTRACT: Six fallow deer (Dama dama) fawns died after receiving 25 to 150 infective larvae
of Parelaphostrongylus tenuis. Fawns given higher doses usually died sooner (6 to 23 days) than
those given lower doses (54 to 67 days). Early deaths were associated with severe acute peritonitis
resulting from perforation of the intestinal wall; later deaths were associated with paralysis and
inability to rise. Numerous adult P. tenuis were found within neural tissues of the brain and spinal
cord in the three fawns with paralysis. One white-tailed deer (Odocoileus virginianus) exposed
to infective larvae from the same source survived infection without exhibiting clinical signs and
began passing larvae in feces 88 days post-exposure. At the doses used in this study, meningeal
worm caused fatal infections in fallow deer. Results are compared to published observations of
fallow deer naturally-infected with P. tenuis.

Key words: Fallow deer, Dama dama, mortality, meningeal worm, Parelaphostrongylus ten-
uis, experimental study, pathology, transmission.

INTRODUCTION

Meningeal worm (Parelaphostrongylus
tenuis) has received much attention as an
important nematode parasite of ungulates
of North America. It establishes benign
infections in white-tailed deer (Odocoileus
virginianus) but can cause fatal neurologic
disease in individuals of many other spe-
cies of ungulates in free-ranging, captive
or experimental situations (see review by
Anderson and Prestwood, 1981). Menin-
geal worm in white-tailed deer currently
extends throughout broad areas of eastern
North America and poses a serious concern
in the management of cervids, particularly
moose (Alces alces) and wapiti (Cervus
elaphus). Some attempts to establish pop-
ulations of these and other ungulate species
in southeastern Canada and eastern United
States have met with failure, in part, as a
result of the effects of meningeal worm
(Severinghaus and Jackson, 1970; Ander-
son, 1971; Trainer, 1973; Severinghaus and
Darrow, 1976; Nettles et al., 1977a; Ber-
gerud and Mercer, 1989).

The effects of meningeal worm in fallow
deer (Dama dama) are not clearly under-
stood. In Kentucky (USA) a free-ranging

population of fallow deer has existed sym-
patric with white-tailed deer and P. tenuis
since the 1920’s. Clinical neurologic dis-
ease and death of fallow deer infected with
meningeal worm have been reported
(Kistner et al., 1977; Nettles et al., 1977b);
however, some fallow deer apparently sur-
vive infection and may become resistant
to reinfection (Davidson et al., 1985).

In recent years, fallow deer have in-
creased in popularity as a game farm spe-
cies in North America. Expansion of this
industry will undoubtedly result in in-
creased demand to translocate fallow deer
to or from areas where they may be ex-
posed to P. tenuis. Such translocations raise
the two important questions of (1) can
meningeal worm affect the success of
translocated fallow deer, and (2) can P.
tenuis mature in fallow deer and pose sub-
sequent risk of translocating the parasite?

To address these questions, we exposed
fallow deer fawns to 25 to 150 third-stage
larvae of P. tenuis. Infection was fatal in
all cases. Natural exposure and transmis-
sion of meningeal worm to free-ranging
fallow deer in Kentucky are assessed in
light of these results.
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MATERIALS AND METHODS

In August 1989, 12 fallow deer fawns were
acquired from a game farm in southeastern Sas-
katchewan (Canada) and transported to the El-
lerslie Research Station (University of Alberta,
Edmonton, Alberta, Canada T6G 2E9). In ad-
dition, we received one wild orphaned white-
tailed deer fawn collected in Alberta. All fawns
were housed inside, on cement, and bottle-fed
a 2:1 mixture of whole milk and evaporated milk
until weaned onto a pelleted alfalfa-based ration
approximately 5 wk after arrival at Ellerslie (Py-
bus, 1983).

Six 5-wk-old fallow deer were exposed to 25
to 150 infective third-stage larvae of P. tenuis
(Table 1). The identity of these larvae as men-
ingeal worm was verified previously (Pybus et
al., 1990). The source of larvae used in the cur-
rent study was as follows: first-stage larvae col-
lected from feces of white-tailed deer in western
Pennsylvania were passaged through labora-
tory-reared snails (Triodopsis multilineata), a
hand-reared white-tailed deer fawn, and through
snails once again (following techniques outlined
in Platt and Samuel, 1978; Pybus and Samuel,
1981). Larvae from the latter snails were used
to expose the fallow deer. Six unexposed fallow
deer fawns, for use in another experiment, served
as controls on clinical signs.

All fawns were observed daily for behavioral
changes. Fecal samples collected weekly for up
to 60 days following exposure and daily there-
after were examined for nematode larvae using
a modified Baermann technique (Welch et al.,
1991). Fallow deer that exhibited severe neu-
rologic signs were killed with an intracardiac
injection of sodium pentobarbital (Euthanyl®,
M.T.C. Pharmaceuticals, Mississauga, Ontario,
Canada L4W 2S5). Current guidelines provided
by the Canadian Council on Animal Care (1984)
were followed throughout the study.

The first two fawns were frozen and exam-
ined 2 to 3 wk later; all others were examined
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fresh. At necropsy, body cavities were flushed
and the fluids recovered were examined at 12 x
magnification for nematode larvae. The aboma-
sum, greater omentum, and tissues in the dorsal
peritoneal region were scanned for haemor-
rhages and larvae at 12X magnification. The
abomasum and duodenum of three fallow deer
were flushed and contents examined at 12x
magnification. The brain and spinal cord of all
fawns were examined grossly at 6x magnifi-
cation and histologically for evidence of men-
ingeal worm. Blood from the jugular vein was
taken immediately before death of the fawns
with neurologic signs. After death, cerebrospi-
nal fluid was taken from the atlanto-occipital
joint prior to disarticulation of the head.

To verify the identity and viability of larvae
used to expose fallow deer, the white-tailed deer
fawn was exposed to larvae from the same source.
Clinical signs were not observed in the white-
tailed deer, although postmortem cerebrospinal
fluid had marked xanthochromia and leucocy-
tosis (>10,000 WBC/ul) with 90% eosinophils.
Dorsal-spined larvae were first detected in fecal
samples collected 88 days post-exposure (dpe).
The fawn was killed 90 dpe and 62 adult P.
tenuis were recovered from the cranial cavity
(89%) and spinal cord (11%). Other nematodes
were not found.

RESULTS
Early mortality

Three fallow deer fawns died 6, 8, and
23 dpe, respectively, with similar clinical
signs and postmortem lesions. Each fawn
became depressed, anorexic, and stood with
its head down and back arched for 2 to 5
days prior to death.

At necropsy, the fawns were in good
body condition with adequate fat deposits.

TABLE 1. Meningeal worm (Parelaphostrongylus tenuis) in experimentally-infected fallow deer (FD).
Worm Number of worms
Death recovery

Fawn number Dose* (dpe)® (%) Brain Cord Comments
FD 13 150 6 0 0 0 Peritonitis
FD 01 125 8 0 0 0 Peritonitis
FD 10 75 54 33 4 21 Paralysis
FD 03 55 23 0 0 0 Peritonitis
FD 05 35 57 69 8 16 Paralysis
FD 02 25 67 52 4 9 Paralysis

* Number of third-stage larvae.
* Number of days post-exposure when fawn died.
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Inflammation of the distal duodenum
in a fallow deer fawn given 55 larvae of Parela-
phostrongylus tenuis. Note intense haemorrhage in
the mucosa and complete perforation of the intestinal
wall (7). Bar = 3 cm.

FIGURE 1.

In each animal, the mucosa of the greater
curvature of the abomasum was hyper-
aemic with a few scattered focal haemor-
rhages. The small intestine was filled with
black-red fluid. The intestinal wall was
slightly thickened; the mucosa was rugose
and congested.

Extensive fibrinous adhesions were pres-
ent throughout the peritoneal cavity. The
omentum was firmly adhered to the great-
er curvature of the abomasum and to the
serosa of the posterior duodenum, jeju-
num, colon, and caecum. Adhesions were
more pronounced adjacent to the jejunum,
spiral colon, and duodenum, respectively,
in the fawns that died at 6, 8, and 23 dpe.
One large (10 mm) and two small (2 to 3
mm) circular perforations were found in
the wall of the posterior duodenum in the
fawn that died 23 dpe (Fig. 1). No P. ten-
uis larvae were recovered from these deer.

The fawn that died 6 dpe had a discrete
indurated, pale granular area (30 x 40
mm) in the hepatic parenchyma. Approx-
imately 200 ml of serosanguinous fluid
were present in the right thoracic cavity
and a 2 to 4 mm thick fibrinous layer cov-
ered the entire right lung. This layer easily
peeled back to reveal a congested, oede-
matous diaphragmatic lobe of the lung.
Based on the postmortem findings, Fuso-
bacterium necrophorus was suspected but
could not be verified.
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Late mortality

Three fallow deer killed 54, 57, or 67
dpe, respectively, also exhibited similar
clinical signs and postmortem lesions. In
one fawn, depression, mild paresis in the
right hind leg, and lumbar weakness per-
sisted for 14 days before advancing to com-
plete posterior paralysis 54 dpe. In the two
remaining fawns, ataxia, paresis, and pos-
terior weakness rapidly (within 48 hr) pro-
gressed to complete posterior paralysis and
disorientation. Infections in these fawns
were considered terminal and consequent-
ly the fawns were killed. Clinical signs were
not noted in any of the six control fawns.

Gross lesions in the spinal cord of all
three fawns were characterized by exten-
sive damage to grey matter and inflam-
mation of nerve roots in the lumbar region.
Spinal grey matter was congested, with
tracks of haemorrhage and malacia adja-
cent to adult P. tenuis. A few haemor-
rhagic tracks also were seen in spinal and
cerebral white matter adjacent to adult
meningeal worms.

Moderate to severe inflammation was
present throughout the lumbar region.
Many nerve roots were soft, swollen, en-
gorged with blood, and surrounded by a
thick inflammatory accumulation. Small
pink, fleshy nodules (accumulations of
lymphocytes) were present in epidural ar-
eas adjacent to some roots. Similar accu-
mulations were seen in the thoracic region
of the spine of two fawns. Inflammatory
reactions were most pronounced in the
fawn killed 67 dpe.

Histologic lesions were characterized by
widespread multifocal meningitis and my-
elitis in the CNS. Lesions often were as-
sociated with the presence of adult nem-
atodes within neural tissue; however, they
did not focus directly around the worms.
Generalized infiltration of the meninges
and perivascular cuffing within neural tis-
sues involved primarily lymphocytes with
some eosinophils. Haemorrhage and ma-
lacic tracks were present in the lumbar
spinal cored, cerebral cortex, and pons. The
right sciatic nerve of the fawn killed 54

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



98  JOURNAL OF WILDLIFE DISEASES, VOL. 28, NO. 1, JANUARY 1992

dpe had severe local haemorrhage, inflam-
mation, and degeneration of nerve sheaths
and axons in the proximal third.

Sixty-two non-gravid adult P. tenuis
were collected from the brain (26%) and
spinal cord (74%) of the three deer with
paralysis (Table 1). The sex ratio of adults
was approximately one:one. Representa-
tive specimens were deposited in the Na-
tional Museum of Natural Sciences (Di-
vision of Invertebrate Zoology, Ottawa,
Ontario, Canada K1A OMS; accession
numbers CMNP1991-0022).

Within the cranial cavity, meningeal
worms were located on or in the cerebrum
(50%), medulla (31%), and cerebellum
(19%). These nematodes were distributed
equally in neural tissue (50%) and subdural
spaces (50%). Nematodes were not found
in cranial venous sinuses or olfactory lobes.
Within the vertebral canal, P. tenuis were
distributed along the full length of the spi-
nal cord; however, they were more com-
monly found in cervical (43%) and lumbar
regions (41%). Although most nematodes
along the spinal cord were in the subdural
space, 14 of 46 (30%) were in neural tissue,
primarily within grey matter of the lum-
bar region. These latter nematodes lay in
an extended coil affecting a considerable
amount of tissue. Meningeal worms were
not found in the epidural region of the
cord.

Mild xanthochromia and leucocytosis
(1,292 to 15,975 WBC/ul) were present in
cerebrospinal fluids from the fawns with
paralysis. WBC populations consisted of
eosinophils (70 to 86%) and lymphocytes
(14 to 25%). Peripheral blood values were
normal.

DISCUSSION

Meningeal worm caused fatal infections
in young fallow deer at all doses used in
this study; three of six deer died as a direct
result of infection, the remaining three deer
were incapacitated beyond recovery and
were killed. At the higher doses, infections
rapidly produced fatal peritonitis and co-

litis identical to those in young domestic
goats given 200 to 1,000 larvae of P. tenuis
(Anderson and Strelive, 1969). In both spe-
cies, the clinical course was short and the
animals died quickly. Peritonitis has not
been observed in young animals of other
species given similar doses of P. tenuis
(Anderson, 1963, 1964; Anderson et al.,
1966; Anderson and Strelive, 1968; Tyler
et al., 1980). The severe damage to the
gastrointestinal tract of fallow deer fawns
receiving high doses of infective larvae is
most likely associated with the large num-
ber of larvae which penetrated the gut
wall. Young fallow deer and domestic goats
apparently are unable to limit this phase
of the migration of meningeal worm.

At the lower doses, a high proportion of
larvae reached the CNS in fallow deer.
The clinical, gross, and histologic changes
were similar to those seen in moose (Alces
alces), mule deer (Odocoileus hemionus),
wapiti (Cervus elaphus canadensis), car-
ibou (Rangifer tarandus caribou), and do-
mestic goats experimentally-infected with
P. tenuis (Anderson, 1964; Anderson et al.,
1966; Anderson and Strelive, 1968, 1972;
Tyler et al., 1980). In all cases, meningeal
worms developing within the CNS caused
extensive damage to neural tissues, partic-
ularly in the lumbar and posterior cervical
regions. Mule deer and domestic goats de-
veloped neurologic disease when exposed
to 50 to 75 infective larvae and, like fallow
deer in the present study, may be partic-
ularly susceptible to P. tenuis developing
in the CNS. Field evidence suggests that
caribou also develop neurologic disease at
low doses of meningeal worm (Anderson,
1971).

The pathogenesis of infection in fallow
deer was consistent with the proposed mi-
gration and development of P. tenuis in
white-tailed deer. In white-tailed deer, lar-
vae penetrate the abomasal wall (Anderson
and Strelive, 1967) and reach the spinal
cord in approximately 10 days (Anderson,
1965). In the current study, there is ample
evidence that infective larvae penetrated
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the gastrointestinal tract; however, few ap-
peared to penetrate the abomasal wall.
Large numbers of larvae appeared to be
swept more posteriorly and were associ-
ated with a strong reaction in the lower
gut. This may increase the chances of fatal
peritonitis in this abnormal host. A similar
situation may occur in domestic goats (An-
derson and Strelive, 1969).

The onset of clinical neurologic signs in
fallow deer fawns that survived initial mi-
gration of larvae indicates development of
adult P. tenuis within the spinal neural
tissue. In white-tailed deer, adult menin-
geal worms develop in the nerve cord and,
by 40 dpe, move into spinal subdural spac-
es prior to migration towards the brain
(Anderson, 1963, 1965). In fallow deer,
many adult meningeal worms stayed with-
in the spinal grey matter well after 40 days
or migrated anteriorly and entered cere-
bral white matter. Subsequent damage to
the CNS resulted in terminal paralysis. The
same general pattern of migration and de-
velopment has been seen in a variety of
hosts other than white-tailed deer (Ander-
son and Prestwood, 1981).

Current experimental results suggest that
fallow deer do not survive infection with
P. tenuis. But, field evidence from Ken-
tucky indicates that some fallow deer do
(Davidson et al., 1985). These results ap-
pear to be contradictory; however, on clos-
er inspection, this is not the case.

A high proportion (if not all) of fallow
deer in Kentucky are sympatric with in-
fected white-tailed deer and apparently
are exposed to meningeal worm. Results
of examining naturally-infected fallow
deer from this population are as follows:
seven deer that died with fatal neurologic
disease had adult P. tenuis in the CNS
(Nettles et al., 1977b); five deer randomly-
selected from the population exhibited no
clinical signs and had no nematodes in the
CNS but each had lesions indicative of pre-
vious meningeal worm infections (David-
son et al., 1985). The latter authors sug-
gested that survival of fallow deer with P.
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tenuis may directly reflect natural expo-
sure in Kentucky to very few larvae. Our
results suggest that the maximum number
tolerated is less than 25 larvae but the ac-
tual number is unknown and probably dif-
fers in different situations and in different
individuals. Survival probably depends on
several factors including the number of
infective larvae ingested at one time, the
time interval between exposures, and, per-
haps, the age of deer when exposure oc-
curs.

There is evidence of substantial immune
response against P. tenuis in the CNS of
fallow deer (Nettleset al., 1977b; Davidson
et al., 1985; present study). However, the
mechanisms of this resistance are not
known. The presence of a response in deer
exposed to a single dose of larvae (present
study) suggests an innate immunity in fal-
low deer. The extent of protection appears
to differ with different doses. At 25 to 75
larvae, the immune response was activated
but was unsuccessful at preventing the de-
velopment of meningeal worms in the CNS.
Similar fatal infections have been observed
in naturally-infected fallow deer (Kistner
et al., 1977; Nettles et al., 1977b; Woolf et
al., 1977). At lower doses, as may be ex-
pected in some field situations (Lankester
and Anderson, 1968; Anderson and Prest-
wood, 1981; Davidson et al., 1985), pro-
tection appears to be more successful (Da-
vidson et al., 1985). In field situations there
also may be a component of acquired im-
munity resulting from prior exposure. Such
a response is likely to be triggered by ex-
posure to a few larvae which primes a sec-
ondary immune response, perhaps similar
to the protective immunity observed in
white-tailed deer exposed to repeated low-
levels of Parelaphostrongylus andersoni
(Prestwood and Nettles, 1977).

Fallow deer also appear at least partially
resistant to Elaphostrongylus cervi, a par-
asite closely-related to meningeal worm
(Lankester et al., 1990). In this case, how-
ever, few larvae appeared to reach the
CNS. Other larvae may have been killed
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or not activated in the gut (Rogers, 1963,
1966) and thus failed to make the subse-
quent migration to the CNS. Such a situ-
ation would imply an innate resistance to
the parasite.

In a situation of natural transmission,
the opportunity exists for an individual
deer to encounter a range of doses, either
in single or multiple exposures. Thus, wild-
life managers can expect a range of re-
sponses, including some losses, whenever
fallow deer use range contaminated with
P. tenuis. Mortality of some fallow deer
held on game farms in areas where men-
ingeal worm is enzootic also can be ex-
pected. Presently, it is not possible to de-
termine how severe such losses would be;
however, they probably would increase in
areas with high levels of P. tenuis in local
white-tailed deer populations.

Survival and development of adult
worms in fallow deer (Kistner et al., 1977;
Nettles et al., 1977b; present study) suggest
that if a deer survives the migration phases
of the infection, P. tenuis could mature
and produce larvae in this host. The small
number of non-clinical but apparently nat-
urally-infected deer (n = 5, Davidson et
al., 1985) and low-dose experimentally-in-
fected deer (n = 3, present study) exam-
ined may not reflect the full range of re-
sponse in this host. In addition, feces of
few fallow deer that survive meningeal
worm infection have been examined for
the presence of P. tenuis larvae. Until there
is conclusive evidence that there is no pos-
sibility of translocating the parasite with
infected fallow deer, we cannot recom-
mend that fallow deer be translocated from
areas enzootic for P. tenuis.
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