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Immunoprophylactic strategies against enterotoxemia caused
by Clostridium perfringens type D in goats'
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The serological response to an experimental vaccine against Clostridium perfringens type D
enterotoxemia was evaluated in four groups of goats. Group 1 received colostrum from unvaccinated
cows and no vaccine. Groups 2, 3 and 4 received colostrum from vaccinated cows. In addition,
Groups 3 and 4 received a vaccine dose at 80 days of age, and Group 4 received a second vaccine
dose at 120 days of age. Serum antibody levels were determined by ELISA in cows before and after
calving, and in goats at 3, 80, 120 and 160 days of age. No significant difference in serum antibody
levels was observed between vaccinated and unvaccinated cows, or between the four groups of
goats evaluated at 3 days of life. Groups 3 and 4 presented mean antibody titers of 0.6 and 1.1 IU/
ml, respectively, 40 days after first vaccination. The vaccine response of Group 4 was 1.8 [U/ml 40
days after the booster dose and was higher than that observed for Group 3 (0.2 IU/ml). Thus, in the
proposed regimen the use of heterologous colostrum did not induce passive immunization in goat
kids. However, first vaccination and a booster dose after 40 days triggered satisfactory antibody
levels.

INDEX TERMS: Clostridium perfringens type D, goat, enterotoxemia, immunoprophylactic strategies,

colostrum, vaccine.

RESUMO.- [Estratégias imunoprofilaticas contra enterotoxe-
mia causada por Clostridium perfringens tipo D em caprinos.|
Foi avaliada a resposta sorologica de vacina experimental con-
tra a enterotoxemia em quatro grupos de caprinos. O Grupo 1
recebeu colostro de vacas nao vacinadas e nenhuma dose de
vacina. Os Grupos 2, 3 e 4 receberam colostro de vacas vacina-
das, e uma dose de vacina aos 80 dias de idade nos Grupos 3 e 4.
O Grupo 4 recebeu a segunda dose de vacina aos 120 dias de
idade. Os niveis de anticorpos séricos foram avaliados pelo ELISA
nas vacas antes e depois do parto e nos caprinos aos 3, 80, 120
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e 160 dias de idade. Nao houve diferenca significativa nos niveis
de anticorpos séricos das vacas vacinadas e nao vacinadas, as-
sim como entre os quatro grupos de caprinos avaliados aos trés
dias de vida. Os Grupos 3 e 4 apresentaram titulos médios de
anticorpos de 0,6 Ul/mL e 1,1 Ul/mL, respectivamente, aos 40
dias apoés a primovacinagao. A resposta vacinal do grupo 4, 40
dias apos o reforco, foi de 1,8 Ul/mL, superior ao Grupo 3 que
foi de 0,2 Ul/mL. Portanto, no esquema proposto, o uso de colostro
nao induziu a imunizagao passiva dos cabritos. No entanto, a
primovacinacao e refor¢o 40 dias apds desencadearam niveis
de anticorpos considerados satisfatorios.

TERMOS DE INDEXACAO: Clostridium perfringens tipo D, caprino,
enterotoxemia, estratégias de imunoprofilaxia, colostro, vacina.

INTRODUCTION

Enterotoxemia caused by Clostridium perfringens type D (pulpy
kidney disease) is a disease of great economical and sanitary
importance for sheep and goat farming worldwide (Niilo 1980,
Kriek et al. 1994), and is probably the most important cause of
sudden death in goats of different ages. In sheep, the disease is
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caused by epsilon toxin, an important toxin produced by C.
perfringens type D (Niilo 1980), and it is believed that the same
toxin is responsible for the disease in goats (Smith & Sherman
1994).

Several factors have been cited as predisposing to the
occurrence of pulpy kidney disease, with the most important
including sudden dietary changes and a reduction in intestinal
transit (Smith & Sherman 1994). Under experimental conditions,
the disease can be induced in goats by the intraduodenal infusion
of whole cultures of C. perfringens type D (Uzal & Kelly 1998a).
The symptoms and some lesions of the disease have been
reproduced in goats by the intravenous injection of C. perfringens
type D epsilon toxin (Uzal & Kelly 1997).

The persistence of C. perfringens in the environment is the
result of previous cases of enterotoxemia or of the constant
fecal contamination by various animal species that harbor the
microorganism as part of their normal intestinal flora (Niilo 1986,
Smith & Sherman 1994). Normally, epsilon toxin can be produced
in small amounts in the intestine of animals carrying C. perfiingens
type D; in this circumstance, the toxin does not cause any
deleterious effect and stimulates the formation of antibodies.
This is observed in unvaccinated herds in which up to 54% of the
animals present serum epsilon antitoxin antibodies (Blackwell et
al. 1983).

Two measures are emphasized as being of great importance
in the prophylaxis against enterotoxemia: vaccination of all
animals (Uzal 1997, Uzal & Kelly 1999) and adequate nutritional
management. Since no enterotoxemia vaccine produced
specifically for goats is available commercially, polyvalent
vaccines produced for sheep and/or cattle are generally used
(Blackwell et al. 1983).

Sheep are protected against the disease when vaccines of
high immunogenic power and adequate immunization strategies
are used (Jansen 1960) and remain protected for a year when a
booster dose is applied 28-42 days after first vaccination (Uzal et
al. 1998a). In goats, however, conventional vaccination produces
lower and shorter lived titers than in sheep (Blackwell et al. 1983),
and the animals require booster doses every 3 or 4 months
throughout their life after first double vaccination (Uzal & Kelly
1999).

Separation of neonatal goats from their mothers immediately
after birth and the use of thermally treated homologous
colostrum, or even heterologous bovine colostrum, are
recommended for industrial herds as a prophylactic measure
against caprine arthritis encephalitis. However, no data exist
regarding the use of bovine colostrum to prevent enterotoxemia
in goats.

The objective of the present study was to serologically
evaluate passive and active immunization strategies against
enterotoxemia caused by C. perfringens type D in young goats
using colostrum from vaccinated cows in combination with an
experimental monovalent vaccine containing epsilon toxoid.

MATERIALS AND METHODS

Eighteen pluriparous Holstein cows of approximately 4-5 years of age
without a history of vaccination against clostridial diseases were used
as donors of colostrum for neonatal goats. In addition, 64 Saanen and
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Alpine young goats of both sexes, ranging in age from birth to 7
months, born to dams without a history of vaccination against
enterotoxemia but with a history of the occurrence of the disease in
the herd during previous years were studied.

The experimental monovalent vaccine was provided for the
experiment and contained Clostridium perfringens type D epsilon toxoid
in aluminum hydroxide as adjuvant. The potency of the vaccine had
been previously determined in rabbits using a modification of the
technique described by the European Pharmacopoeia (1993). Thus,
serum titers in rabbits were assayed by ELISA (Uzal et al. 1997). The
median of serum titers determined by ELISA in rabbits inoculated
with the vaccine was 1.58 [U/ml.

Ten of the 18 cows used received the first vaccine dose 2 months
before calving and a booster dose 26 days after first vaccination. The
vaccine was administered subcutaneously in a volume of 2.0 mL/
dose. The other 8 animals were not vaccinated. Colostrum was
obtained from the cows during the first two postpartum milkings,
with the first milking being performed 4-8 hours after calving and the
second 12 -20 hours after the first. The colostrum was frozen at -20°C
until the time of use.

The neonatal goats were separated from their mothers
immediately after birth to prevent the ingestion of maternal
colostrum. Each animal then received four administrations of
colostrum previously thawed and heated in a water bath to 36°C in
a maximum volume of 280ml/animal/suckling period. The first
suckling was performed 3-6 hours after birth. The next sucklings
were performed at intervals of 5- 6 hours. After the period of
colostrum ingestion, the animals were fed commercial milk formula
(Sprayfo Blue, Sloten, The Netherlands) up to 50 days of age and
then started to receive concentrated ration (Génesis, Socil) ad libitum
until the end of the experiment.

The 64 young goats were divided into four groups. Group 1 (n=15)
received colostrum obtained from unvaccinated cows and no vaccine
was applied. The 49 goats of the other three groups received colostrum
derived from vaccinated cows. Group 2 (n=18) received no vaccine,
Group 3 (n=15) received one vaccine dose at 80 days of age, and
Group 4 (n=16) was vaccinated at 80 days of age and received a
booster dose 40 days after the first vaccination (Table 1).

Blood was collected by puncture of the jugular vein from cows 60
and 34 days before calving and after calving, and from goats at 3, 80,
120 and 160 days of age. Serum was stored at -20°C until the time of
the serological tests.

An indirect ELISA (ELISA-I) was used for the detection of antibodies
against epsilon toxin and titers are reported as international units per
milliliter (IU/ml) (Uzal et al. 1997). A value of 0.25 IU/ml was arbitrarily
adopted as the minimum protective threshold (Uzal & Kelly 1998b).
Purified epsilon toxin diluted in carbonate buffer, pH 9.4, was used as
antigen in the indirect enzyme immunoassay for sensitization of the

Table 1. Passive and active immunization scheme against
caprine enterotoxemia caused by epsilon toxin using
heterologous colostrum and vaccination in young goats

Group Number of Type of colostrum Vaccination

animals  Unvaccinated cow Vaccinated cow 1st dose 2nd dose
80> (120)P
1 15 X - - -
2 18 - X - -
3 15 - X X -
4 16 - X X X

a4 X = activity performed.
b 80 and 120 = 80 and 120 days of life, respectively.



Immunoprophylactic strategies against enterotoxemia caused by Clostridium perfringens type D in goats 53

plates (Uzal et al. 1997). Phosphate-buffered saline containing Tween
(PBST), pH 7.2, was used for dilution of the sera and conjugate. The
plates were washed between steps with PBST, pH 7.4. Hyperimmune
serum from goat at a concentration of 672 IU epsilon antitoxin/mL
diluted in PBST, pH 7.2, was used as positive control, and serum from
aneonatal goat deprived of colostrum was used as negative control.
Caprine immunoglobulins were detected using peroxidase-conjugated
monoclonal antibody diluted 1:500. The reaction was developed with
ABTS diluted in citrate buffer (pH 9.4) as chromogen substrate, and
the intensity of staining was read at 414nm after 20min (Uzal et al.
1997b).

Nonparametric tests were employed for statistical analysis using
the SAS program (SAS Institute 1997). The median antibody
concentration was used since the results showed a wide variation
(high standard deviation). Differences were considered to be significant
when P<0.05 (Zar 1992).

RESULTS

At 60 days before calving, the median serum antibody titer was
0.12 and 0.54 IU/ml in unvaccinated and vaccinated cows,
respectively. After calving, the median titers were 0.79 and 1.01
[U/ml for unvaccinated and vaccinated cows, respectively.

The median serum antibody concentration ranged from
0.036-0.106 IU/mL in all goats 3 days after the ingestion of
heterologous colostrums (Table 2). Thus, all animals presented
antibody levels below the protective threshold arbitrarily fixed
at 0.25 IU/ml.

At 80 days of age, median serum antibody titers of the young
goats ranged from 0.085- 0.095 IU/ml, and thus continued below
the protective threshold.

Analysis of serum samples obtained after 120 days showed
median antibody concentrations below the protective threshold
for animals from Groups 1 and 2, with values of 0.036 and 0.065
IU/ml, respectively (Table 2). However, serum antibody titers of
0.685 and 1.180 IU/ml were observed for animals from groups 3
and 4, respectively, at 120 days. As shown in Table 3, 80% of Group
3 animals and 80% of Group 4 animals presented protective
antibody titers.

In serum samples collected at day 160, median titers of 0.102
and 0.096 IU/ml were observed for animals from Groups 1 and
2, whereas animals from Groups 3 and 4 presented titers ranging
from 0.229 to 1.861 IU/ml. Thus, 57% of Group 3 animals and
87% of Group 4 animals had antibody titers arbitrarily defined as
protective (Table 3, Fig.1).

DISCUSSION

In the goat-farming industry, effective sanitary programs,
together with adequate nutritional management, should be
adopted specifically to prevent diseases.

Enterotoxemia is a disease that causes large economical losses
in goat farming. Vaccination is the main prophylactic measure
used to reduce losses or minimize the severity of the disease.
However, no vaccines against enterotoxemia formulated and

Table 2. Mean, standard deviation and median antibody titers (IU/ml) determined
by ELISA-I in serum samples of young goats submitted to various immunization

schemes according to day of collection

Group Day
3 80 120 160

1 X * sd 0.104 = 0.060 0.087 =0. 011 0.015 = 0.028 0.111 = 0.027
median 0.089 a 0.085 a 0.036 b 0.102 a

2 X = sd 0.102 = 0.034 0.100 = 0.030 0.062 = 0.042 0.095 = 0.009
median 0.106 a 0.095 ab 0.065 b 0.096 ab

3 X * sd 0.068 = 0.042 0.100 = 0.020 0.898 = 0.647 0.400 = 0.551
median 0.077 b 0.089 b 0.685 a 0.229 a

4 X = sd 0.033 = 0.009 0.106 = 0.029 1.019 = 0.574 1.315 = 0.915
median 0.036 ¢ 0.089 bc 1.180 ab 1.861 a

Values followed by the same letters in each group did not differ from one another at the 5%

level of significance.

Table 3. Distribution of the number (n) and percentage (%) of
young goats from groups 3 and 4 according to the
concentration of antibodies present in serum samples on days

3,80, 120 and 160

Group 1

W3 O080 m120 m160

Group 2

Group Day Antibody titer (IU/ml)
< 0.25 = 0.25

n % n %
3 3 15 100 0 0
(n=15) 80 15 100 0 0
120 3 20 12 80
160 6 43 8 57
4 3 15 100 0 0
(n=16) 80 25 100 0 0
120 3 20 12 80
160 2 13 13 87

Fig.1. Graphic representation of the median epsilon antitoxin antibody
titers (IU/ml) determined by ELISA in each group of young goats
according to day of serum collection.
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developed specifically to protect goats are available (Blackwell
etal. 1983, Uzal 1997).

In industrial goat farms with a high prevalence of animals
serologically positive for the caprine arthritis encephalitis virus,
for which high production rates are desired, passive immuni-
zation of neonatal goats with homologous colostrum shows
practical and sanitary difficulties. We therefore evaluated the
passive immunization of goats against the enterotoxemia
challenge during the first weeks of life using heterologous
colostrum obtained from cows in combination with an active
immunization strategy employing one or two vaccine doses. A
literature review did not identify any study regarding the transfer
of passive immunity against enterotoxemia through the use of
heterologous colostrum in neonatal goats.

Uzal & Kelly (1998b) established a minimum antibody level of
0.25IU/ml as necessary to protect goats against enterotoxemia.
In young goats from Group 1 which received colostrum from
unvaccinated cows, serum antibody levels were 0.104 + 0.060
[U/ml on day 3. In Groups 2, 3 and 4, antibodies titers in samples
collected on day 3 were 0.102 = 0.034, 0.068 = 0.042 and
0.033 = 0.,009 IU/ml, respectively, not reaching a sufficient
magnitude to eventually protect the newborns against the
challenge of Clostridium perfringens type D epsilon toxin. However,
it should be mentioned that the immunization scheme used for
the cows and the low immunogenic power of the vaccine resulted
in a low antibody production in colostrum, emphasizing the
need for a vaccine formulation with a higher immunogenic power.

On the other hand, it is also possible that the colostrum
contained a good amount of antibodies although they were not
detected in blood serum. For some reason, the goat kids did not
absorb these antibodies or the antibodies were absorbed but
not detected in neonatal goat serum, considering that in the
present study an anti-goat conjugate was used in the ELISA-I
tests which should lead to a cross-reaction but not necessarily a
complete one.

All young goats from Groups 1 and 2 presented antibody
titers below the protective threshold at all sampling times.
However, protective titers were observed in some animals from
Groups 3 and 4 at days 120 and 160 after active immunization.
In Group 4 animals, the titers were higher and lasted longer
when compared to Group 3 animals. These results agree with
those reported by Uzal et al. 1998 and Uzal & Kelly 1999.

Adecrease in antibody titers was observed in Group 3 animals
at 160 days, in agreement with previous reports indicating that
goats require a first double vaccination dose (Jansen 1967, Smith
& Sherman 1994, Uzal & Kelly 1999).

Furthermore, a marked variation was observed in the indivi-
dual immune response, a fact also reported by other investigators
(Jansen 1967, Blackwell et al. 1983, Green et al. 1987, Uzal &
Kelly 1998a).

Regarding the regimen proposed here, passive immunization
of goat kids using heterologous colostrum obtained from cows
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at the end of gestation was considered to be unsatisfactory.
However, immunization of young goats with two initial vaccine
doses yielded good results, which were superior to those obtained
with the simple immunization scheme.
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