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RESUMO.- [Cinética dos anticorpos antitoxina epsi-
lon em diferentes estratégias de imunização ativa em 
cordeiros contra a enterotoxemia.] Enterotoxemia, uma 
das mais comuns enfermidades que acomete os pequenos 
ruminantes domésticos, é causada principalmente pela to-
xina épsilon de Clostridium perfringens tipo D. O presente 
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estudo avaliou a resposta humoral conferida por quatro 
protocolos distintos de primovacinação na progênie de 
ovelhas não vacinadas durante a gestação. Vinte e quatro 
cordeiros foram aleatoriamente divididos em quatro gru-
pos de acordo com a idade (dias) que receberam a primeira 
dose da vacina comercial contra clostridiose contendo to-
xóide epsilon na sua formulação. Todos os cordeiros foram 
vacinados aos 7, 15, 30 ou 45 dias de idade e receberam um 
reforço da dose 30 dias após a vacinação. A avaliação soro-
lógica dos cordeiros pelo teste de ELISA indireto foi realiza-
da por ocasião da administração da primeira dose da vaci-
na. Os resultados elucidaram não haver comprometimento 
da resposta imune de cordeiros vacinados tanto aos 7, 15, 
30 ou 45 dias de idade associada ao reforço da dose 30 dias 
após, demonstrando assim que a antecipação da primeira 
vacinação conferiu proteção aos cordeiros contra a entero-
toxemia, permitindo otimizar o planejamento da vacinação 
em massa dos cordeiros.
TERMOS DE INDEXAÇÃO: Clostridium perfringens tipo D, antitoxi-
na épsilon, ELISA, clostridiose, imunização, enterotoxemia.
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INTRODUCTION
Epsilon exotoxin (ETX), if overproduced by Clostridium per-
fringens type B and D due to the intestinal flora imbalance 
(Finnie 2003), causes severe enterotoxaemia in small rumi-
nants (Summers et al. 1995, Uzal 2004, Songer 2010). En-
terotoxaemia affects sheep of all ages, but is most common 
in lambs between 3-10 weeks old under good nutritional 
conditions (Kriek et al. 1994, Smith & Sherman 1994, Son-
ger 1998). Although natural exposure to ETX can stimulate 
epsilon antitoxin production, it is not enough to promote 
protection when enterotoxaemia is triggered (Griner 1961, 
Blackwell et al. 1983,). Thus, periodic and systematic vac-
cination of herd with epsilon toxoid becomes an impor-
tant measure associated with the correct handling of the 
animals (Kriek et al. 1994, Uzal & Kelly 1999, Lobato et al. 
2000).

Vaccination of sheep is recommended in the last month 
of pregnancy and for lambs 4-10 weeks old (Radostits et 
al. 2002). Although the minimum amount of toxoid is men-
tioned in commercial vaccines against clostridiosis, studies 
which evaluate the ideal toxoid concentration as vaccine 
effectiveness under field conditions and sheep serological 
response, mainly in progeny non-vaccinated during gesta-
tion, are scarce. In this context, the present work aimed to 
evaluate the humoral response in lambs using four diffe-
rent immunization protocols for first vaccine dose.

MATERIALS AND METHODS
The experimental use of animals (mice and sheep) in this study 
was approved by the Animal Ethics Committee (CEUA-57/2008) 
of the School of Veterinary Medicine and Animal Husbandry, 
Unesp-Botucatu.

Twenty-four zootechnical bookkeeping pregnant ewes, up to 
24 months old and with no history of vaccination against clostri-
diosis, were selected from a commercial Texel sheep flock. After 
birth, all lambs remained with the ewes and were randomly allo-
cated into four groups of different ages (7, 15, 30 and 45 days old) 
to receive the first vaccine dose against enterotoxaemia.

The commercial vaccine used in this study consisted of bacte-
rial-toxoid of Clostridium chauvoei, Clostridium septicum, Clostri-
dium perfringens types B, C and D, Clostridium novyi, Clostridium 
sordellii and Clostridium tetani. The epsilon toxoid concentration 
per vaccine dose was sufficient to induce a serum titer of at least 
0.5UI/ml in rabbits. In order to ensure the scientific and ethical 
quality of this study, the vaccine brand name was not disclosed.

All lambs were first vaccinated at 7, 15, 30 or 45 days of age 
and received a booster post vaccination.  Blood samples were col-
lected from jugular vein immediately after the first vaccination 
and at 30 and 60 days subsequently.

Epsilon-protoxin produced in house by the Animal Infectious 
Diseases Laboratory of FMVA-Unesp, Araçatuba/SP (Veschi 2006) 
was used as antigen. Antigen toxigenicity was assessed by obser-
ving symptoms in Balb-c mice (mean weight 17-20g) inoculated 
intravenously with trypsin-activated (0.05%) epsilon prototoxin 
at different dilutions (Miyata et al. 2001, Uzal et al. 2002), as well 
as by analysis of protein fraction through 12% polyacrylamide gel 
electrophoresis (SDS-PAGE) (Asubel et al. 1994) and by homolo-
gous antitoxin neutralization.

The homologous positive control serum (containing 180 UI/
ml of C. perfringens type D epsilon antitoxin) was kindly provi-
ded by the Laboratory of Reference Material Production National 

Agricultural Laboratory-LANAGRO, localized in Pedro Leopoldo/
MG, and the negative control was obtained from newborn lambs 
deprived of colostrum at birth.

Sheep serum samples were tested individually by indirect 
ELISA (Enzyme-linked immunosorbent assay), in duplicate, using 
the method described by Uzal et al. (1997) with modifications. Mi-
crotitration plates (NUNC® Maxisorp Demark) were coated with 
100 µl/well of antigen diluted in carbonate-bicarbonate buffer   
(0.06M, pH 9.6) at 4oC overnight in a humidified chamber. Blocking 
was done by 5% of skimmed milk diluted in carbonate-bicarbo-
nate buffer (0.06M, pH 9.6). After incubation at 37°C for 1 hour 
serum samples diluted 1:200 in phosphate buffer (PBS 0.01M, pH 
7.2, Tween 20® 0.05%) were added following incubation at 37°C 
for 1 hour. Peroxidase labeled anti-sheep IgG produced in donkey 
(Sigma® A-3415) diluted 1:8000 in PBS/Tween20® 0.05% and 
incubated at 37°C for 1 hour. Between each immunoassay stage, 
microplates were washed four times with PBS/Tween20® 0.05%, 
pH 7.4 in a Multiskan Wash® plate washer. The 2,2′-Azino-bis 
(3-ethylbenzothiazoline-6-sulfonic acid, Sigma®-A3219) was 
used as substrate and the reaction as stopped after 10 minutes 
by 1% lauryl sodium dodecyl sulfate, 98.5% GC (Sigma® L-3771). 
Microplates were read by Multiskan MCC/330 (Labsystem®) pho-
tometer at 405nm. 

The indirect ELISA interpretation was based on the following 
formula: A/P = (XA-XN) / (XP-XN); which  A/P is the final absor-
bance value for the test sample, XA is the mean optical density 
(OD) for the test serum, and XN and XP are the mean OD values for 
the negative and positive control sera, respectively. Absorbance 
values in UI/ml were calculated using a linear regression curve 
built with the ELISA results obtained from five positive control 
sera of different known titers (180 UI/ml). Animals with antibody 
titers equal to or greater than 0.2 UI/ml were considered as pro-
tected (Blackwell et al. 1991).

Non-parametric variance analysis for repeated measures with 
Dunn’s test was used to compare independent groups. Significan-
ce level was set at 5% (Zar 2009).

RESULTS
Epsilon toxin antigenic identity used in indirect ELISA was 
confirmed by the neutralization in mice, complemented by 
the identification of a 32kDa protein band by SDS-PAGE.

Serological evaluation of the lambs, after the first vac-
cine dose, showed better results for 30-day-old animals 
which presented antibody levels (0,712±0,100 IU/ml) 
(p<0,05) above those vaccinated at 7, 15 or 45 days of age 
(0,437±0,318; 0,341±0,162; 0,452±0,303 IU/ml, respecti-
vely) (Table 1).

Similar antibody levels were observed for all groups 
evaluated after 30 days from the first vaccine dose (boos-
ter) (p>0.05).

However, difference was observed 30 days after the 
booster (p<0.05) only for 7 days old vaccinated lambs, 
which presented antibody level below the other groups 
(0.341±0.163 IU/ml). Thus, 15, 30 and 45 days old lamb 
groups presented antibody level above the protective 
threshold arbitrarily fixed at 0.15 IU/ml (Table 1).

DISCUSSION
Enterotoxaemia is a disease caused by epsilon toxin, pro-
duced by Clostridium perfringens type D and causes intense 
economic losses in sheep farming. Young lambs confined 
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and subjected to high energy diets present elevated risk of 
initiate the disease symptomatology (Songer 2010). Among 
the epidemiological aspects of type D sheep enterotoxae-
mia, even being a disease that affects animals of all ages, 
young lambs under good corporal conditions and in their 
first weeks of age, are particularly the most susceptible 
(Kriek et al. 1994). Thereby, a strategy using immunization 
by colostrum must be considered in control programs, as 
demonstrated by Costa et al. (2012), that vaccinated preg-
nant ewes 30 days before parturition, allowing the transfer 
of colostral antibodies specific enough to guarantee the im-
munity considered protective (0.15 IU/ml) of the newborn 
lamb against enterotoxaemia until its entry into the feedlot, 
with 60 days of age. According to Radostits et al. (2002), 
the recommended age for receiving the first vaccine dose 
against this disease is 4 weeks old, with booster at 10 we-
eks of age.

In the present study it was observed that precocious 
vaccine allowed enough immunity for lamb protection. 
The 7 days old vaccination protocol presented the lower 
epsilon antitoxin antibody level (0,341±0,163 UI/ml) after 
booster compared to the other protocols (15; 30 e 45 days 
of age), however resulted in a satisfactory protection abo-
ve the protective threshold fixed at 0.15 IU/ml (Blackwell 
et al. 1991) of lambs. Besides no evidence was observed 
for the inability of antibodies production assigned to the 
young lambs by interference of colostral antibodies (Griner 
1961, Tizard 2004).

Lambs vaccinated at 30 or 45 days of age presented hi-
gher concentration of antitoxin epsilon serum antibodies 
for protocols of 7 and 15 days of age. This can be explai-
ned by the animal response to the vaccine as well as by the 
possibility of subclinical infection cases, due to the epsilon 
toxin produced lifelong by Clostridium perfringens type D 
(Uzal et al. 2002).

Furthermore, lambs presented great immune response 
post booster vaccination which stimulated the production 
of epsilon toxin neutralizing antibodies (p<0.05) (Table 1).

Post booster antibodies elevation is an important cha-
racteristic of conventional or experimental active immuni-
zation against clostridiosis (Sterne & Warrack 1964, Jan-

sen 1967, Troxel et al. 1997, Araújo et al. 2010, Curci et al. 
2010) with direct impact on vaccination program effective-
ness for this important ruminant illness group.

The present study showed no differences between im-
munes responses to primovaccination at 7, 15, 30 or 45 
days of life, associated to booster after 30 days, of lambs 
were progeny of ewes free of vaccination against clostridio-
sis. Emphasized on importance of immunization and boos-
ter to ensure satisfactory protection above the protective 
threshold minimum to lambs during study.

CONCLUSION
The present study showing that the vaccine anticipation of 
lambs, progeny from non-vaccinated ewes during gestation 
against enterotoxaemia, provides serum title considered 
protective, allowing the optimization of mass vaccination 
of lambs.
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