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ABSTRACT
Antibody responses in sixty clinically healthy pregnant sheep and goats were compared
following the administration of enterotoxaemia vaccine. The thirty animals of each species
were randomly divided into three groups. Antibody titers against C. perfringens type D
epsilon toxin were detected in blood samples on day 15, 30, 45, 60 and 75 post vaccination. In
unvaccinated control groups, S-I (sheep) and G-I (goat), no antibodies against C. perfringens
epsilon toxin were observed. In the animals of groups S-II and G-II administered once with
enterotoxaemia-cum-lamb dysentery vaccine, geometric means titers (GMT) were 6.5 and
2.64, respectively on day 15 post vaccination. In groups S- III and G-III administered with the
same enterotoxaemia vaccine twice, GMTs were 59.7 and 12.12, respectively on day 30 post
booster dose of vaccine. In conclusion, immune response of goats against enterotoxaemia
vaccine was of short duration compared with the sheep indicating frequent use of vaccine for
better immunity.
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INTRODUCTION

producing the disease (Nilo, 1986; Smith and
Sherman, 1994).

Enterotoxemia (Pulpy Kidney Disease),
caused by Clostridium (C.) perfringens type
D, is a disease of great economic importance
in sheep and goat farming worldwide (Niilo,
1980). The organism is the normal inhabitant
of the alimentary tract of sheep, goat and
other ruminants (McClane et al., 2006), but
is usually found in low numbers. These
organisms produce minute amounts of toxins
under normal conditions which are removed
either by normal gut movements or
inactivated by circulating antibodies. Epsilon
toxin produced by C. perfringens type D is
the cause of enterotoxemia in sheep and
goats. If the environment in the intestine is
altered by sudden change in diet or other
factors, that are not completely understood,
C. perfringens type D proliferates rapidly
and generates large amount of epsilon toxin,

Enterotoxemia in sheep involves a different
pathophysiological mechanism than that of
goats (Blackwell and Butler, 1992). In sheep,
enterotoxemia may cause sudden death but
peracute, acute and chronic forms of
enterotoxemia have been reported in goats
(Fernandez and Uzal, 2003). In sheep, the
disease is mainly characterized by
respiratory and neurological lesions while in
goats, the lesions are confined mainly to the
intestine (Uzal et al., 2008; Radad and
Khalil, 2011).
Vaccination is recommended in the
prophylaxis against enterotoxemia (Dela
Rosa et al., 1997; Uzal, 1997; Uzal and
Kelly, 1999; Bernath et al., 2004). Immunity
against enterotoxemia in sheep has been
reported to be readily produced by
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vaccination (Jansen, 1967). Since no
commercial enterotoxemia vaccine is
available for goats, polyvalent vaccines
specifically produced for sheep have been
considered
effective
in
preventing
enterotoxemia in goats (Blackwell et al.,
1983). There is no data available in Pakistan
on immunological responses in sheep and
goats following the administration of
enterotoxemia vaccine. Therefore, the
present study was planned to assess the
efficacy of enterotoxemia vaccine on the
humoral immune responses in sheep and
goats.

MATERIALS AND METHODS
Experiment Design
Sixty clinically healthy pregnant animals
(thirty sheep and thirty goats), ranging from
1-1.5 years in age, raised at a private
livestock farm in Lahore, Pakistan were
included in the study. The selected animals
of each species were randomly divided into
three groups of ten animal in each group.
The animals from group S-1 (sheep) and G-1
(goats) were not vaccinated and served as
control. Animals in group S-II and G-II were
administered once with 3.0 ml of
enterotoxemia-cum-lamb dysentery vaccine
(Veterinary Research Institute Lahore,
Pakistan). It is an alum precipitated formalin
inactivated bivalent bacterin toxoid prepared
from Clostridium perfringens types B and D
cultures. The animals were administered
vaccine subcutaneously (S/C) 8 weeks prior
to the expected date of lambing. The animals
in groups S-III and G-III were administered
same vaccine twice. First dose of vaccine
was given on day 1 of study and booster
dose one month after first dose. All the
animals were kept under similar feeding,
housing and management conditions.
Serology
Sera were obtained from blood samples
collected from the test and control animals

before vaccination. Sera samples were also
collected on day 15, 30, 45, 60 and 75 post
vaccinations. Sera samples were heat
inactivated to 56ºC for 30 minutes in water
bath and stored at -20°C. Antibody titers
against C. perfringens type D epsilon toxin
in serum were measured by an indirect
haemagglutination test as described by
Rehman et al. (2005). Briefly, the Epsilon
toxins were separated by centrifugation from
24 cultures of C. perfringens type D grown
in bullock heart medium anaerobically at
37ºC. Supernatants were trypsinized and
then centrifuged at 13,000 rpm for 30
minutes. After configuration, the supernatant
containing the epsilon toxin was dialyzed
against 50mM phosphate buffered saline at 4
ºC over night. After the completion of
dialysis, protein was determined as described
by Lowry et al. (1951) using bovine serum
albumin as a standard. Epsilon antigen with a
protein concentration adjusted to 1 mg/mL
was then used for coating 20% formalized
tanned sheep red blood cells (SRBCs). All
the sera samples were serially diluted as 1:2
through 1:2048 in micro-titration plates
containing 96 U shaped wells, leaving the
wells of last two columns for positive and
negative controls, respectively. Epsilon toxin
sensitized sheep red blood cells were then
added to wells containing serum samples.
Positive control wells were coated with
hyperimmune serum against C. perfringens
type D prepared in white New Zealand
rabbits as described by Yamagishi et al.,
(1971) along with epsilon coated sensitized
sheep RBCs. Negative control wells
contained only suspension of epsilon coated
sensitized sheep RBCs.
The plates were incubated at 37°C for 2
hours. Negative samples exhibiting no
haemagglutination indicated central settling
of
erythrocytes.
The
indirect
haemagglutination antibody titers of all
samples were recorded. The geometric mean
titers (GMT) were calculated using the
procedure described by Thrusfield (1986).
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RESULTS AND DISCUSSION
On day zero before vaccination, no antibody
titer against epsilon toxin was observed in
any of the groups of sheep and goat. The
GMT was 6.50 and 2.64 for S-II (Sheep) and
G-II (Goat), respectively on day 15 post
enterotoxemia vaccination (Figure 3). In
group S-II, maximum GMT (12.13) was
observed on day 45 post vaccination (Figure
1). The results of the present study are in
agreement with McClane et al. (2006). In
group
G-II,
antibody
titers
were
comparatively low compared with the group
S-II (Figure 3) which declined very rapidly.
(Figure 2). Finnie (2003) and McClane et al.
(2006)
reported
that
conventional
enterotoxaemia vaccine produced low and
short duration titers in goats than in sheep
and the animals required booster doses every
3 or 4 months throughout their life after first
vaccination (Uzal and Killy, 1999; Veschi et
al., 2006).
In group S-III, antibody titers gradually
increased and on 30 day post booster dose of
enterotoxemia vaccine, GMT was 59.7
which was higher than the GMT observed in
group S-II on day 60 post vaccination
(Figure 4).
In group G-III of goats, GMT was
comparatively higher than group G-II and
remained detectable till 75 days post
vaccination (Figure 2). Our results agree
with those reported by Blackwell et al.
(1983); Uzal and Kelly (1998a,b, 1999);
Veschi et al. (2006) which demonstrated that

immunization of goats with two initial
vaccine doses yielded good results, in terms
of higher antibody titers and lasted longer
when compared to those obtained with
simple immunization scheme.
Bentancor et al. (2009) recorded similar
observations for llamas which failed to
develop antibody titers after administration
of a single dose of vaccine. However, a week
following a second vaccination, mean
antibody titers to C. perjringcns type epsilon
toxin elevated significantly (p<0.05).
On day 75 post vaccination, the GMT
declined in all the vaccinated groups. Butler
(1974) and Tizard (1982) reported that
transfer of immunoglobulins from serum to
colostrum takes place after parturition.
In unvaccinated control sheep and goat
groups, no naturally acquired antibodies
against C. perfringens epsilon toxin were
observed throughout study period which
contradict the findings of Thomoson and
Batty (1953) and Griner (1961) who detected
anti-epsilon toxin serum antibodies in nonvaccinated sheep beyond the age they would
carry a level of maternal immunity. Similar
observations have also been reported by
(Blackwell et al., 1983; Veschi et al., 2008)
in unvaccinated herds of goat without history
of clinical disease resembling entrotoxemia.
From this it can be hypothesized that no sub
clinical form of entrotoxemia or other
stimulus exists in the study area which could
lead to production of antibodies against C.
perfringens epsilon toxin in unvaccinated
sheep and goats.

Table 1: Post-vaccination antibody titres (GMT) in sheep and goats
Days Post
Vaccination
15
30
45
60
75

S-I
-

Sheep
S-II
6.5
9.85
12.13
10.6
6.46

S-III
6.06
11.3
32
59.7
32

G-I
-

Goat
G-II
2.64
2.64
1.52
-

G-III
2.46
2.8
7.46
12.12
6.5
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In conclusion, the immune response
observed in goats was only of short duration
indicating that vaccine would need to be
given frequently. Alternatively, adjuvant
may also be added in vaccine formulations to
induce high antibody titers and long term
immune responses.
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Figure 4 Immune response in sheep and goat
after booster dose of vaccination
REFERENCES

0
15

30

45

60

75

Figure 1. Post-vaccination antibody
titres in vaccinated groups of sheep
15
10

G-II
G-III

5
0
15

30

45

60

75

Figure 2. Post-vaccination antibody titres in
vaccinated groups of goats

15
10

S-II

5

G-II

0
15

30

45

60

75

Figure 3 Immune response in sheep and
goats after single dose of
vaccination

Bentancor, A. B., P. Halperin, M. Flores, and
F. Iribarren. 2009. Antibody
response to the epsilon toxin of
Clostridium perfringens following
vaccination of Lama glama Crias.
Journal of Infection in Developing
Countries, 3: 624-627.
Bernath, S., K. Fabian, I. Kadar, G. Szita,
and T. Barna. 2004. Optimum time
interval
between
the
first
vaccination and the booster of sheep
for Clostridium perfringens type D.
Acta Veterinaria Brno, 73: 473-475.
Blackwell T. E., D. G. Butler, and J. A. Bell.
1983. Enterotoxemia in goat: The
humoral response and local tissue
reaction following vaccination with
two different bacterin-toxoids.
Canadian Journal of Comparative
Medicine, 47: 127-132.
Blackwell, T. E. and D. G. Butler. 1992.
Clinical signs treatment and
postmortem lesions in dairy goats
with Enterotoxemia: 13 cases
(1979-1982). Journal of American
Veterinary Medical Association,
200: 214-217.
Butler, J. E. 1974. Immunoglobulin of the
Mammary Secretions. In: Lactation.
Larson, B. L. and V. R. Smith
(Eds.). Academic Press, New York,
USA.

92

J. Vet. Anim. Sci. (2012), Vol. 2: 89-94

Dela Rosa C., D. E. Hogue, and M. L.
Thonney.
1997.
Vaccination
schedules
to
raise
antibody
concentrations against epsilon-toxin
of Clostridium perfringens in ewes
and their triplet lambs. Journal of
Animal Science, 75:2328-2334.
Fernandez, M. E. and F. A. Uzal. 2003. The
early effects of Clostridium
perfringens type D epsilon toxin in
ligated intestinal loops of goat and
sheep.
Veterinary
Research
Communications, 27: 231-241.
Finnie, J. W., 2003. Pathogenesis of brain
damage produced in sheep by
Clostridium perfringens type D
epsilon toxin: a review. Australian
Veterinary Journal, 81: 219–221.
Griner, L. A., 1961. Enterotoxemia of sheep.
III. Clostridium perfringens type D
antitoxin
titers
of
normal,
nonvaccinated lambs. American
Journal of Veterinary Research, 22:
447-448.
Jansen, B. C. 1967. The duration of
immunity of pulpy kidney disease
of sheep. Onderstepoort Journal of
Veterinary Research. 34: 333-344.
Judson, D. G., J. B. Dixon, and G. C.
Skerritt. 1987. Occurrence and
biochemical
characteristics
of
cestode lymphocytes mitogens.
Parasitology, 94: 151-160.
Lowry, O. H., N. J. Rosebrough, A. L. Farr,
and R. J. Randall. 1951. Protein
measurements with the folin phenol
reagent. Journal of Biological
Chemistry, 193: 265-275.
McClane, B. A., F. A. Uzal, M. F.
Miyakawa, D. Lyerly, T. Wilkins,
2006. The Enterotoxic Clostridia.
In: Dworkin, M., Falkow, S.,
Rosenburg, E., Schleifer, K.H.,
Stackebrandt, E. (Eds.), The
prokaryotes, Vol. 4., SpringerVerlag, New York, pp: 698-752.
Niilo, L. 1980. Clostridium perfringens in
animal disease: a review of current

knowledge. Canadian Journal of
Microbiology, 21:141-148.
Niilo L. 1986. Experimental production of
hemorrhagic enterotoxemia by
Clostridium perfringens type C in
maturing lambs. Canadian Journal
of Veterinary Research, 50(1): 32–
35.
Radad, K. and S. Khalil. 2011. Coccidiosis,
paratuberculosis
and
enterotoxaemia in Saudi Goats.
Brazilian Journal of Veterinary
Pathology, 4: 219-224.
Rehman, S. U., M. Athar, A. Shakoor, G.
Muhammad, and A. A. Butt. 2005.
Standardization
of
indirect
haemagglutination test for titration
of
antibodies
against
Staphylococcus
aureus,
Streptococcus
agalactiae,
and
Escherichia coli isolated from
bubaline mastitis. International
Journal of Agriculture and Biology,
7: 441-444.
Smith M. C. and Sherman D. M. 1994.
Enterotoxemia. In: Smith M.C. and
D.M.
Sherman
(Eds.)
Goat
Medicine. Lea and Febiger,
Pennsylvania, USA, pp: 289-305.
Thomson, R.O., Batty, I., 1953. The
antigenic efﬁciency of pulpy kidney
disease
vaccines.
Veterinary
Record, 65: 659-663.
Tizzard, I. 1982. In: An Introduction to
Veterinary Immunology, 2nd. ed.
W.
B.
Saunders
Company.
Philadelphia, USA.
Thrusfield, M. 1986. In: Veterinary
Epidemiology. Butterworth and
Co., London, UK.
Uzal, F. A. 1997. Studies on Enterotoxaemia
in Goats. Thesis, Division of
Veterinary Pathobiology, School of
Veterinary Science, University of
Queensland, Australia. pp: 164.
Uzal, F. A. and W. R. Kelly. 1998a.
Experimental
Clostridium
perfringens type D enterotoxaemia

93

J. Vet. Anim. Sci. (2012), Vol. 2: 89-94

in goats. Veterinary Pathology, 32:
132-140.
Uzal, F. A. and W. R. Kelly. 1998b.
Protection
of
goats
against
experimental enterotoxaemia by
vaccination
with
Clostridium
perfringens type D epsilon toxoid.
Veterinary Record, 142:722-725.
Uzal, F. A. and W. R. Kelly. 1999. Serum
antibody responses to a Clostridium
perfringens epsilon toxoid vaccine
in goats. Anaerobe, 5: 287-289.
Uzal F. A., D. J. Fisher, J. Saputo, S. Sayeed,
B. A. Mcclane, G. Songer, H. T.
Trinh, M. E. Fernandez-Miyakawa,
and S. Gard. 2008. Ulcerative
enterocolitis in two goats associated
with enterotoxin- and beta2 toxinpositive Clostridium perfringens
type D. Journal of Veterinary
Diagnostic Investigation, 20: 668672.

Veschi, J. L. A., I. S. Dutra, M. E.
Fernandez-Miyakawa, S. H. V.
Perri, and F. A. Uzal. 2006.
Immunoprophylactic
strategies
against enterotoxemia caused by
Clostridium perfringens type D in
goats.
Pesquisa
Veterinária
Brasileira, 26: 51-54.
Veschi, J. L. A., O. A. Bruzzone, D. M.
Losada-Eaton, I. S. Dutra, and M.
E. Fernandez-Miyakawa. 2008.
Naturally
acquired
antibodies
against Clostridium perfringens
epsilon toxin in goats. Veterinary
Immunology and Immunopathology,
125: 198-202.
Yamagishi, T., J. Yoshizawa, M. Kawai, N.
Seo, and S. Nishida. 1971.
Identification
of
isolates
of
Clostridium perfringens types C
and D by agglutination and
fluorescent
antibody
methods.
Applied Microbiology, 21: 787-793.

94

