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Investigation of a syndrome of sudden death,
splenomegaly, and small intestinal hemorrhage
in farmed deer

Curissu K. Embury-Hyatt, Gary Wobeser, Elemir Simko, Murray R. Woodbury

Abstract — A newly recognized syndrome, characterized by sudden death of farmed deer that are
in good to excellent nutritional condition, with lesions of small intestinal mucosal hemorrhage and
splenomegaly, is described. Other frequently observed lesions were small intestinal mucosal necrosis,
abomasal hemorrhage, random hepatic necrosis, and multifocal hepatic congestion. Clostridium
perfringens type A was isolated in high numbers from the intestines of many of the deer affected by
the syndrome; however, the numbers were not significantly different from those of control deer. The
syndrome did not appear to be related to dietary or any other specific management factors and a
definitive cause of the syndrome was not identified.

Résumé — Enquéte sur un syndrome de mort subite, de splénomégalie et d’hémorragie de
I’intestin gréle chez le wapiti d’élevage. Cette é¢tude décrit un nouveau syndrome affectant le wapiti
d’élevage et caractérisé par la mort subite d’individus en bon ou en excellent état nutritionnel, présen-
tant des 1ésions hémorragiques de la muqueuse de I’intestin gréle et de la splénomégalie. Les autres
lésions les plus fréquentes comprenaient une nécrose de la muqueuse de 1’intestin gréle, des hémor-
ragies de I’abomasum, de la nécrose hépatique erratique et de la congestion hépatique multifocale.
Du Clostridium perfringens de type A a été isolé en grande quantité des intestins de plusieurs wapitis
atteints par le syndrome; cependant, la quantité ne différait pas significativement de celle retrouvée
chez les wapitis témoins. Le syndrome ne semble pas relié¢ a I’alimentation ou a aucun autre facteur

spécifique de gestion et la cause véritable du syndrome n’a pas été identifiée.
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uring 2001, a newly recognized syndrome in farmed
deer of acute death associated with small intestinal
hemorrhage and splenomegaly was diagnosed in 17 ani-
mals submitted for necropsy to Prairie Diagnostic Services
(PDS) at the Western College of Veterinary Medicine
(WCVM), University of Saskatchewan. These cases
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accounted for 12% (17/141) of the total deer submissions
for the year 2001. Animals with clinical signs similar to
those of this syndrome accounted for only 0.8% (7/853)
of the total deer submissions from 1994 to 2000 and were
not observed prior to 1994. Based on this information,
it appeared that the frequency of the syndrome was
increasing. Little is known about this syndrome in deer
and no information is available in the veterinary litera-
ture. High numbers of Clostridium perfringens were
cultured from many of these cases, with some of the
isolates being identified by polymerase chain reaction
(PCR) as type A; however, the significance of the intes-
tinal presence of this organism was unclear.
Clostridium perfringens is considered to be an impor-
tant cause of enteric disease in domestic animals and
humans (1,2). It is divided into 5 types (types A to E),
based on production of 4 major toxins. Type A strains
produce alpha toxin; type B, alpha, beta, and epsilon
toxins; type C, alpha and beta toxins; type D, alpha and
epsilon toxins; and type E, alpha and iota toxins (3).
Clostridium perfringens type A is a common postmortem
invader; it is found frequently in the intestines of healthy
animals and is ubiquitous in the environment (4).
Nonpathogenic isolates of type A do not seem to play a
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major role in enteric disease (2), and some strains may
be referred to as nontoxigenic, because they do not pro-
duce sufficient alpha toxin to kill mice under test condi-
tions (1).

Despite their widespread presence in healthy animals
and the environment, C. perfringens type A organisms
have been known to cause disease in both domestic ani-
mals and humans. The role that C. perfringens type A
plays in the pathogenesis of diseases, such as gas gan-
grene (2), avian necrotic enteritis (5,6), and enterotox-
emia in lambs (7), is well known. However, there are
several other diseases in which, although the presence of
C. perfringens type A is associated with clinical disease
or pathological gastrointestinal disease, or both, the
pathogenic role of the organism remains to be elucidated.
Examples include enterocolitis in horses (8), necrotizing
enteritis in piglets (9), hemorrhagic canine gastroenteri-
tis (10), and jejunal hemorrhage syndrome in cattle (11).

The purpose of this study was to establish a case
definition for this newly recognized syndrome in deer,
to determine the frequency of the syndrome in farmed
deer in Saskatchewan, to determine whether any manage-
ment risk factors could be identified, and to investigate
the etiology of this syndrome. Information was acquired
from the retrospective study of necropsy reports and
histological examination of tissues, as well as from a
survey distributed to deer producers. The possible role
of C. perfringens in this syndrome was investigated by
using quantitative bacterial culture and testing for clos-
tridial toxins.

Materials and methods

Selection of cases

The case histories of all farmed deer submitted for nec-
ropsy to the diagnostic laboratory of the Department of
Veterinary Pathology and PDS at the WCVM between
1986 and 2001 were reviewed. Necropsy records for deer
submitted to the University of Minnesota Veterinary
Diagnostic Laboratory, the North Dakota State University
Veterinary Diagnostic Laboratory, and the South Dakota
State University Animal Disease Research and Diagnostic
Laboratory from 1994 to 2001 were reviewed, as were
necropsy records from the Alberta provincial laboratory
database from 1990 to 2000 and from the University of
Guelph Animal Health Laboratory.

Cases were selected for further study based on the
presence of at least 3 of the following criteria: history of
sudden death (no clinical signs noted prior to death),
small intestinal hemorrhage, splenomegaly, severe splenic
congestion, and hepatic necrosis. Deer with at least 3 of
the above criteria were considered to be affected by the
syndrome (hereafter referred to as “affected deer”). A
total of 32 cases met the selection criteria. Of these,
26 were from Saskatchewan, 1 was from Minnesota, and
5 were from South Dakota. No cases from Alberta,
Ontario, or North Dakota met the selection criteria.

Necropsy reports for the remaining deer of the 232 deer
submitted to the diagnostic laboratory at the WCVM
between 1995 and 2001 were also reviewed. The cause
of death in these deer was not consistent with the syn-
drome and thus these deer are referred to as “unaffected
deer” in the remainder of this paper. Case history and

signalment data for both the affected and unaffected deer
were compared. The difference between the average ages
of the affected and unaffected deer was assessed by using
a 2-sample t-test on log, -transformed data (SYSTAT,
version 9; Systat Software, Point Richmond, California,
USA).

Histological evaluation

Histologic sections of all available tissues, stained with
hematoxylin and eosin (H&E), were examined micro-
scopically in 32 cases. Significant lesions were found in
small intestine, liver, abomasum, and spleen. These tis-
sues were reexamined histologically and the lesions
categorized. Hemorrhage in the small intestine and
abomasum was classified as mild (< 30% of the histo-
logical section affected), moderate (30% to 60% of the
histological section affected), or severe (> 60% of the
histological section affected). In cases where different
sections of intestine or abomasum had dissimilar degrees
of hemorrhage, the case was classified on the greatest
degree of severity observed for that case. A Gram’s stain
was applied to intestinal sections from 8 cases by using
a standard technique (12).

Bacteriology

Results from bacteriologic studies were reported semi-
quantitatively as 1+ to 4+, according to a previously
reported procedure (13). In addition, quantitative clos-
tridial culture was performed for 3 affected and 6 unaf-
fected (control) animals. Briefly, 1 gram of homogenized
mucosa of each duodenum, jejunum, ileum, and spiral
colon was diluted in 9 mL of prereduced thioglycolate
broth. This broth was then serially diluted in 10-fold
dilutions with thioglycolate broth, and 100 L of each
dilution was plated in duplicate on blood agar, as well as
blood agar with neomycin. Plates were incubated anaer-
obically for 48 h; then, colonies were counted and mul-
tiplied by the dilution factor to obtain a result, which was
reported as colony forming units per gram (CFU/g) of
intestinal tissue. Numbers of C. perfringens cultured
from affected and unaffected deer were compared by
using a 2-sample t-test on log,, transformed data
(SYSTAT, version 9). Isolates of C. perfringens from
intestinal samples were tested for production of type A
(alpha) toxin by using the Nagler reaction (14).

Isolates of C. perfringens from unaffected and affected
deer were tested for the presence of genes for the major
toxins, including genes cpa (alpha toxin), cpb (beta toxin),
etx (epsilon toxin), Ia (iota toxin), cpe (enterotoxin), and
cpb2 (beta-2 toxin) by using a multiplex PCR assay,
slightly modified from Meer and Songer (15). Modifica-
tion involved the performance of 2 multiplex assays of
3 primer sets each (cpa, cpb, cpb2 and etx, la, cpe) rather
than a multiplex assay with all 6 primer sets. Samples of
intestinal contents (jejunal, duodenal, ileal, and colonic)
were tested for the presence of alpha toxin by using a
commercial enzyme-linked immunosorbent assay (ELISA)
kit (Batch ACPO1111; Cypress Diagnostics, Langdorp,
Belgium).

Survey
Questionnaires were submitted to 98 Saskatchewan
deer producers to obtain information on losses occurring
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Figure 1. Percentage of total deaths of affected and unaffected deer occurring
within each age category

Table 1. Occurrence of lesions and microbiological findings in 32 deer submitted with a history of sudden
death

Case SI Hepatic Hepatic Abomasal SI Clostridium Toxin
number Splenomegaly hemorrhage? congestion® necrosis® hemorrage® necrosis® perfringens? type®
1 + + X X X A 1+ NT
2 + + - - + A 4+ NT
3 + + - - + - 3+ NT
4 + + - - - + 4+ NT
5 + + + + + A 4+ a
6 + + + - X A 4+ NT
7 - + + + X A 4+ NT
8 + + + + - - 4+ a, B-2, CPE
9 + + + + X A 4+ a, B-2
10 + + - + - A 4+ a
11 + + + + + + 3+ NT
12 + + + + - A 4+ a
13 + + A A + A 1+ NT
14 + + + - + + 3+ «
15 + + + + - A 4+ a
16 + + - + + - 4+ a, &
17 - + + + X + - NT
18 + + + + - A + NT
19 + + A A - - 4+ NT
20 + + + + + + 3+ No toxinf
21 + + + + + + 4+ No toxinf
22 + + - + X + 1+ NT
23 + + + + + + 3+ No toxinf
24 + + + - + + + «
25 + + + + + X + NT
26 + + X X X + + NT
27 + + - - - + + «
28 + + A A X A + a, CPE
29 + + - - - A + a, CPE
30 + + + + + - 4+ «
31 + + X X X - 3+ a
32 + + A A A A 4+ a
X — tissue not submitted; A — too autolyzed to interpret; NT — not tested; ST — small intestine; - — negative; + — positive; CPE — enterotoxin

aSmall intestinal hemorrhage determined by gross or histological examination

"Determined by histological examination

‘Determined by gross or histological examination

dDetermined by anaerobic culture of intestine

¢Clostridium perfringens toxin type determined by polymerase chain reaction (PCR) except where specified
No toxin detected using mouse assay

as a result of the above-described sudden death, sple- Results

nomegaly, and intestinal hemorrhage syndrome, as  Signalment

well as information on dietary and other management  Of the 32 cases examined, 31 were white-tailed deer
characteristics, such as increased feeding of grain, (Odocoileus virginianus) and 1 was a mule deer (Odocoileus
change in diet, adverse weather, and medical treatments hemionus). Affected deer were 50% (16/32) female, 41%
that might be risk factors for the development of the (13/32) male, and 9% (3/32) unspecified sex. Vaccination
syndrome. with a 7-way or 8-way clostridial vaccine was reported
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Figure 2. Severe small intestinal mucosal hemorrhage (*).
Hematoxylin and eosin (H&E) stain.

5 mm

Figure 3. Multifocal dark areas (*) of hepatic congestion were
observed grossly in 24% of cases.

for 34% (11/32) of affected deer. Age of affected deer
ranged from 3 mo to 6 y, with a mean age of 20 mo. The
mean age of unaffected deer was 18 mo, which was not
significantly different (P = 0.66) from the mean age of
affected deer (Figure 1). Among both affected and unaf-
fected deer, the greatest proportion of deaths occurred
during the 1sty of life (58% and 62%, respectively). The
diets of affected and unaffected groups of deer were
similar and included varying combinations of alfalfa hay,
pelleted deer ration (16% to 18% protein), oats, and corn.

Pathologic examination

Sudden death with no previous clinical signs had
occurred in all 32 cases and all deer were reported to be
in adequate to excellent body condition. The most fre-
quently observed lesions in affected deer were intestinal
hemorrhage (32/32), followed by splenomegaly and
congestion (30/32), hepatic congestion (17/32), hepatic
necrosis (17/32), small intestinal mucosal necrosis

Figure 4. Multifocal clearly demarcated dark areas of hepatic
congestion (*). Numerous sinusoids are dilated and filled with
a pale eosinophilic material (arrows). Hematoxylin and eosin
(H&E) stain.

(11/32), and abomasal hemorrhage (13/32). Observed
lesions are summarized in Table 1.

Grossly enlarged spleens were described as engorged
with blood. All spleens examined histologically were
moderately to severely congested. Hemorrhage within
the lamina propria of the small intestine ranged from
multifocal to diffuse (Figure 2). Of 31 small intestines
examined histologically, 2 (7%) had mild hemorrhage,
9 (29%) had moderate hemorrhage, 6 (19%) had severe
hemorrhage, and 14 (45%) had intestines that were too
autolyzed to interpret. Moderate to abundant numbers of
large rod-shaped bacteria were observed in the lumen
and throughout the mucosa of all small intestines exam-
ined. These bacteria were determined to be Gram positive
in the 8 cases for which Gram staining was performed.
In 37% (12/32) of cases, there was evidence of small
intestinal mucosal necrosis. Only 1 case had evidence of
small intestinal mucosal vascular thrombosis. On histo-
logical examination of the abomasum of the 15 deer for
which fixed abomasal tissue was submitted, 5 (33%) had
no evidence of hemorrhage, 2 (13%) had mild hemor-
rhage, 6 (40%) had moderate hemorrhage, and 2 (13%)
had severe hemorrhage.

Gross lesions in the liver were observed less frequently
than were histological lesions. Gross lesions described
in the liver included congestion in 25% (8/32) (Figure 3)
and necrosis in 19% (6/32) of the cases. A prominent
histologic feature seen in 68% (17/25) of those livers that
were well preserved, was the presence of multifocal
congestion, which frequently affected only specific acini
within a hepatic lobule (Figure 4). Random, multifocal
hepatic necrosis occurred in 68% (17/25) of livers. In
52% (13/25) of livers, there was multifocal dilation of
sinusoids containing variably empty space, granular
eosinophilic material, or red blood cells (Figure 4).

Bacteriologic studies

Results of routine bacteriologic culture and PCR toxin
typing are shown in Table 1. No significant bacteria,
other than C. perfringens, were cultured under aerobic
and anaerobic conditions from any of the affected deer.
All C. perfringens isolates had the alpha toxin gene, as
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Table 2. Number of Clostridium perfringens bacteria (mean, s) cultured from intestinal samples of affected and
control deer reported in colony forming units (CFU) per milliliter of sample

Duodenum Jejunum Tleum Colon
n Mean s n Mean s n Mean K n Mean s
Affected 2 22X 10° 3.1 X 10° 3 5.6 X 10° 6.0 X 10° 2 2.6X10° 3.5 X 10° 2 6.1 X104 8.4 X 10*
Unaffected 6 6.6 X 10° 1.2 X 10* 6 8.7 X 10° 4.1 X 10* 6 3.1 X107 2.9 X 107 6 2.6 X10° 3.1 X 10°

n — Number of samples; s — Standard deviation

Table 3. Presence of alpha toxin in intestinal contents, as detected by using an enzyme-linked immunosorbent
assay (ELISA)

Duodenum Jejunum Ileum Colon
n + - n + - n + - n + -
Affected 2 2 0 3 3 0 2 1 1 2 0 2
Unaffected 5 3 2 6 4 2 5 4 1 5 3 2
n — Number of samples, + — Number of samples that tested positive for the presence of alpha toxin; - — Number of samples that tested negative for the presence

of alpha toxin

determined by PCR. In addition, 1 isolate from an unaf-
fected deer tested positive for both alpha and beta-2 toxin
genes. All C. perfringens isolates tested positive for the
production of alpha toxin by using the Nagler reaction
test.

Quantitative culture for C. perfringens was performed
on small intestinal samples from 3 cases of the described
syndrome (affected deer) and from 6 unaffected deer that
died of causes not involving the gastrointestinal system
(Table 2). There was no significant difference between
the number of C. perfringens organisms cultured in
the duodenum (P = 0.26), jejunum (P = 0.07), ileum
(P =0.46), or colon (P =0.80) of affected deer compared
with unaffected deer.

Positive ELISA results for the presence of alpha toxin
in intestinal contents were observed in at least 1 sample
for all 4 sections of intestine tested (duodenum, jejunum,
ileum, colon) in both unaffected and affected deer
(Table 3).

Of 98 surveys distributed, 28 (28.6%) were returned.
During the period January 2001 to September 2002,
producers reported 161 deaths among a total of 2055
deer, representing a crude mortality rate of 7.8%. Out of
63 reported “sudden deaths,” 9 were attributed to the
splenomegaly and intestinal hemorrhage syndrome,
based on fulfillment of the case definition. Twenty-two
of 63 reported sudden deaths were attributed to another
known cause (trauma, pneumonia, etc.) and for 32 cases,
the cause of death was unknown (no necropsy was per-
formed). According to producers, sudden deaths were
not associated with increased feeding of grain, change
of diet, movement of animals, adverse weather, or med-
ical treatments of animals.

Discussion

A syndrome of sudden death, splenomegaly, and intesti-
nal hemorrhage in farmed deer is characterized by sud-
den death of deer that are in good to excellent nutritional
condition, in association with lesions of small intestinal
mucosal hemorrhage and splenomegaly. Other frequent
findings were small intestinal mucosal necrosis, aboma-

sal hemorrhage, random hepatic necrosis, and multifocal
hepatic congestion.

The presence of large numbers of C. perfringens
type A organisms in association with significant intesti-
nal lesions provides some support for a possible etiologic
role for C. perfringens. However, the roles of C. perfiingens
type A and alpha toxin expression are uncertain in this
disease. The organism is presumed to be part of the nor-
mal intestinal flora of livestock (16) and free-ranging
reindeer (Rangifer tarandus) (17); it proliferates quickly
after death, making it difficult to interpret results of
bacterial culture (18). Large numbers of C. perfringens
cultured from the intestine are potentially significant,
and it has been speculated that enteropathogenicity might
result from high levels of alpha toxin production in cases
of hemorrhagic bowel syndrome in dairy cattle (19),
enterotoxemia in neonatal calves and adult cattle (20,21),
and necrotizing enteritis in piglets (9).

The largest numbers of C. perfringens type A were
observed in the jejunum. Bacterial numbers in the
affected deer ranged from 10° to 107 CFU/g compared
with 102 to 10* CFU/g in unaffected deer. Although the
difference between jejunal bacterial numbers from unaf-
fected and affected deer was not statistically significant
(P =0.07), this may be the result of the small sample size
and high variability of the data. There were no significant
differences between numbers of bacteria from unaffected
and affected deer from the duodenum, ileum, or colon.
The number of organisms cultured from the jejunum of
affected deer was similar to the numbers found in cases
of bovine enterotoxemia (21) and enterotoxemia in rein-
deer (22). The observed gross and histological lesions,
in conjunction with the high bacterial numbers, support
a diagnosis of enterotoxemia. The most severe lesions
occurred in the superficial mucosa of the small intestine,
where large numbers of gram-positive, rod-shaped bac-
teria were observed, suggesting the presence of a luminal
toxin. Acute liver necrosis and splenomegaly may be
associated with absorption of toxins from areas of intes-
tinal damage.

The presence of beta2 toxin in 2 of the C. perfringens
type A isolates and C. perfringens enterotoxin (CPE) in
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3 of the isolates is also of interest, because both of these
toxins in association with alpha toxin have been impli-
cated in intestinal disorders in other animals (23). Beta2
toxin has only recently been identified (24) and is pro-
duced by an unassigned C. perfiringens that also produces
alpha toxin. Recent studies suggest that this toxin is
associated with necrotic enteritis in piglets and entero-
colitis in horses (23), as well as bovine enterotoxemia
(25). Alpha and beta2 toxigenic C. perfringens has also
been associated with intestinal hemorrhage and necrosis
in a ligated loop assay in a calf (25). Despite some sup-
porting evidence, a clear role for the pathogenicity of
beta2 toxin has not been established, since the beta2 toxin
gene has also been detected from intestines of non-
diseased foals, lambs, and calves (23). Clostridium
perfringens enterotoxin has been implicated in enteric
disease in foals, piglets, and dogs (1). However, since
disease caused by CPE most commonly presents as diar-
rhea (26), it does not fit the clinical presentation of the
disease in deer. This does not exclude the possibility that
CPE may act synergistically with alpha or beta2 toxin.

Identification of beta2 and CPE toxins in association
with alpha toxin further complicates the possible role of
C. perfringens type A in enteric disease. In many instances,
these toxins are not tested for, so it is possible that
C. perfringens organisms previously identified as type A
actually belong to this unidentified type of C. perfringens
that produces beta2 toxin as well as alpha toxin. The
amount of toxin produced within the intestine also might
be an important consideration when trying to determine
the significance of specific toxins in causing disease.
Many studies have used PCR to determine the type of
C. perfringens involved in a particular disease; how-
ever, this only provides evidence that the gene for the
toxin is present and does not determine whether the
gene is being expressed and to what level. Although the
production of toxin is likely related to the numbers of
C. perfringens organisms in the intestine, there may be
other unknown factors that influence the amount of toxin
produced.

In 1 deer, alpha and epsilon toxins were detected,
which identifies the organism as C. perfringens type D.
Lesions seen in this case were similar to lesions observed
in cases where only alpha toxin was present. Infection
with C. perfringens type D (“overeating disease” or
“pulpy kidney disease”) often results in sudden death and
sometimes causes neurological signs (20); however, small
intestinal lesions are rarely seen. Epsilon toxin is
absorbed by the small intestine and causes increased
capillary permeability in many tissues, leading to renal
damage and edema, especially of the brain (27). Lesions
consistent with type D enterotoxemia were not seen in
this study.

The presence of alpha toxin within intestinal content
was confirmed by using an ELISA. Alpha toxin was
detected from intestines of both unaffected and affected
deer. However, since C. perfringens type A was isolated
from all of the deer, the presence of some level of alpha
toxin was expected. A higher level of alpha toxin may
have been present in intestines with higher numbers of
C. perfringens organisms, but since this test was not
quantitative, the significance of the presence of the toxin
is uncertain.

There was no apparent sex predisposition for develop-
ment of the syndrome. Most deer affected by the syn-
drome were less than 1 y old, but there were also many
in the 2 to 5 y age categories. The age distribution of the
affected deer was not different from that of unaffected
deer, suggesting that deer are more likely to die in the
Ist y of life, regardless of the cause of death.

Based on the survey results, the frequency of this
syndrome in Saskatchewan appears to be low. In 2001,
reported deaths due to this syndrome accounted for 14%
of the sudden deaths and 5.6% of the total reported
deaths. However, in the year 2002, only 3 cases fitting
the case description for this syndrome were submitted to
the WCVM for necropsy. In a survey of selected labora-
tories outside Saskatchewan, only 6 cases of this syn-
drome were recognized, with these cases occurring from
1997 to 2002. The reason for the large number of cases
(n=17) observed in 2001 is unknown.

We hypothesized that this syndrome might be related
to increased grain in the diet or other dietary changes.
Other clostridial organisms have been known to cause
disease related to dietary factors. Such is the case with
C. perfringens type D enterotoxemia or “overeating
disease,” which occurs in sheep, goats, and calves (27).
This organism proliferates profusely when conditions in
the intestinal lumen become suitable, as when large
quantities of feed rich in carbohydrates and proteins are
ingested or when the diet is abruptly changed, disturbing
the normal balance of the enteric bacteria (27). Increased
soluble carbohydrate feeding has also been identified as
a risk factor for the development of jejunal hemorrhage
syndrome in dairy cattle (28); however, the role of
C. perfringens in this syndrome is still uncertain.
According to necropsy reports and survey data, the
intestinal hemorrhage and splenomegaly syndrome was
not associated with increased grain or a change of diet.
However, overeating or mild indigestion may also cause
the intestines to become static, which prevents the normal
flushing of toxic substances out of the system (20), and
it is possible that this may have occurred in affected deer
without the knowledge of the producer. Any injury to the
mucosa of the small intestine also may predispose to
changes in the bacterial flora that result in clostridial
overgrowth (20). No other management factors, such as
movements of animals, treatment, or adverse weather
conditions, were reported by the producers to be associ-
ated with the occurrence of this syndrome.

In conclusion, the syndrome of sudden death, intesti-
nal hemorrhage, and splenomegaly occurs sporadically
in well-conditioned farmed deer from 3 mo to 5 y of age.
The overall prevalence of the syndrome appears to be
low; however, in the year 2001, in Saskatchewan, it
accounted for 5.6% of the total deaths reported by pro-
ducers for that time period. The syndrome did not appear
to be related to dietary or any other specific management
factors and a definitive cause of the syndrome could not
be identified. Based on the presence of large numbers of
C. perfringens type A organisms cultured from the small
intestine of deer with intestinal lesions, involvement of
C. perfringens in this syndrome cannot be ruled out.
However, large numbers of bacteria were also cultured
from some control deer. The bacteriological data do not
support a definitive etiologic role for C. perfringens type
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A 1in this syndrome. To prove that alpha toxin is involved
in this syndrome, future studies must (i) compare bacte-
rial numbers of control and affected deer using a larger
sample size, (ii) quantify the amount of alpha toxin in
intestinal contents using a quantitative ELISA, and (iii)
reproduce the disease in susceptible animals.

As this syndrome did not appear to be related to any
management or dietary factors, no specific recommenda-
tion can be made to deer producers at this time. There
currently are no vaccines approved for use in cattle or
cervids in North America that contain C. perfringens
type A or C. perfringens type A with the beta2 toxin gene
(19). Since several of the affected animals were vacci-
nated with 7-way or 8-way clostridial vaccines, these
vaccines do not appear to be protective against the pres-
ently described syndrome.
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