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ABSTRACT

Immune response to enterotoxaemia vaccine (ET) was evaluated in sheep reared under laboratory and field conditions using 
enzyme-linked immunosorbent assay (ELISA). Under experimental condition, six sheep were vaccinated with booster dose 
on 14th day and evaluated for immune response; however in field conditions, serum samples from 386 ET vaccinated sheep 
(139 from organized farms and 247 from unorganized sector of Andhra Pradesh) were evaluated for protective antibody titre 
using ELISA. Highest protective titre was recorded in sheep reared under experimental condition; on day 30 after vaccination 
followed by gradual decrease up to day 90. Immune responses of sheep maintained under rural conditions were found to be low 
when compared with sheep maintained under experimental/laboratory conditions. The protective titers were maintained up to 
3 months in sheep maintained under village conditions whereas up to 4 months in those maintained in experimental conditions. 
So, it can be concluded that good managemental practices along with booster vaccination of ET in farms could evoke better 
immune response in sheep against ET.
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Sheep farming plays a pivotal role in socioeconomic life 
of rural areas. The sheep are important economic species, 
contributing greatly to the agrarian Indian economy 
especially in arid/semi-arid and mountainous areas. The 
major reasons for low productivity are inadequate grazing 
resources and diseases, causing high mortality and 
morbidity. Enterotoxaemia is one of the important bacterial 
diseases of sheep inflicting significant economic losses 
to sheep farmers. The disease is caused by Clostridium 
perfringens type D, a normal inhabitant of intestines. 
Epsilon toxin is the major lethal toxin produced by the 
organism and is responsible for acute toxemia (Markey 
et al., 2013).Alum precipitated epsilon toxoid vaccine is 
used in field conditions for developing humoral immune 
response (Urguev and Ataev, 1977; Kennedy et al., 
1977; Srinivasan et al., 2001). However, enterotoxaemia 

outbreaks were reported in spite of vaccination (NADRES 
reports, 2012). So, investigating the immune responses 
among the vaccinated animals by assessing the duration 
of protective titers will give us an idea to take necessary 
steps in the prevention of outbreaks. Usually the immune 
responses among the vaccinates are assessed by using 
mouse neutralization test (MNT) which is cumbersome, 
time consuming and requires use of large numbers of 
mice (Rosskopt-Streicher et al., 2004). To overcome these 
difficulties, ELISA has been already standardized (Sharma, 
2001) and validated (Vijaya Lakshmi, 2003) to study the 
immune responses, among the vaccinated animals. The 
correlation coefficient between indirect ELISA and MNT 
is 0.99 (Uzal et al.,2003).  The present investigation 
was therefore aimed to evaluate immune responses 
in vaccinated sheep maintained under experimental 
(controlled) and field conditions.
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MATERIALS AND METHODS

The present study was conducted to evaluate immune 
response in ET vaccinated sheep reared under experimental 
controlled conditions and at field conditions.

Experimental group

Six Nellore sheep of one year age group were randomly 
selected to use them as an experimental group and are 
vaccinated with enterotoxaemia toxoid vaccine procured 
from Veterinary Biological Research Institute (VBRI), 
Hyderabad. The vaccine was administered @ 3 ml / animal, 
subcutaneously on the inner aspect of thigh following all 
aseptic precautions. The booster dose was given after 14 
days. The serum samples were collected on day   Zero, 
30th, 60th, 90th and 120th day after vaccination.

Field group

Serum samples from 386 ET vaccinated sheep (139 from 
organized farms and 247 from unorganized sector of 
Andhra Pradesh) were collected for comparative study.

ELISA

Sera samples collected after vaccination were subjected 
to ELISA. Previously standardized (Sharma, 2001) and 
validated (Vijaya Lakshmi, 2003) procedure of ELISA 
was used to assess protective antibody titre. Epsilon 
prototoxin was used to coat the ELISA plates. Clostridium 
perfringens type D cultures were grown in the laboratory 
for production of epsilon toxin. The Epsilon prototoxin 
from Clostridium perfringens type D was produced in 
protein free medium with pH 7.5. ELISA plates coated 
with 12 µg/ml of epsilon toxin, serum dilution at 1:100, 
with conjugate dilution of 1:10,000 were used to detect 
anti-epsilon antibodies. Percent positivity was calculated 
using the mean Optical Density (OD) values of positive 
and negative controls, using the formulae given below.

( )
( )
Test sample OD mean Negative control OD mean 100

Present Positivity Value =
Positive control OD mean-Negative control OD mean

×

Determination of cutoff point

The anti-epsilon antibody titers ranging from 0.15 to 0.2 
International Units (I.U) were found to have protective 
effect against enterotoxaemia (Hepple et al., 1959 ; Farzan 
et al., 1996). Therefore the upper limit of 0.2 I.U has 
been considered to determine cutoff value to differentiate 
protective and non-protective titres among the vaccinates. 
The percent positive (PP) value was noted as 30 for the 
serum samples containing antibody titre of 0.2 I.U. Hence 
the PP value 30 was considered as the cutoff point to 
determine the protective levels of immunity in vaccinated 
animals. 

Statistical analysis

The data obtained was systematically tabulated and 
statistical analysis (two way ANOVA) was carried out 
as per the procedure described by Snedecor & Cochran 
(1994).	

RESULTS AND DISCUSSION

All the sheep under experimental conditions showed 
highest titers at day 30 of post vaccination indicating the 
booster vaccination effect, which are in agreement with 
results reported by Bentancor et al. (2009). The titers 
were gradually decreased till 120 days of post-vaccination 
(Table 1). There was a significant (P<0.05) decrease 
in protective titers (PP values) from 30 days of post 
vaccination to 90 days of post vaccination period. This 
observation was in accordance with the report of Gogoi 
et al. (2004). Present investigation illuminated the thought 
that a revaccination after 90 days would evoke satisfactory 
immunity to ET in sheep to effectively combat the natural 
ET out breaks. However the decrease in protective titer 
was not much significant (P>0.05) from 90 days to 120 
days post vaccination period.
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Table 1. Immune responses in sheep vaccinated against Enterotoxaemia under experimental conditions.

Sheep No.
Percent positive values of ELISA

Post vaccination period
0 day 30 days 60 days 90 days 120 days

M1 0.51 76.72 58.65 52.13 43.40
M2 3.01 66.29 54.48 33.49 33.12
M3 1.99 56.21 37.80 35.98 22.50
M4 7.26 71.00 60.17 36.61 34.74
M5 5.56 78.36 56.27 45.27 35.76
M6 1.67 78.42 60.10 29.47 22.16

Mean±SEM 3.33d±1.05 71.17 a±3.57 54.57 b±3.48 38.83c±3.40 31.95c±3.37

Mean P.P Values in a row with different superscripts differs significantly (P<0.05)

The results of vaccine responses in the 139 sheep 
maintained under organized farms indicated that one 
year age group were responded significantly higher (P < 
0.05) than the other age groups (Table 2). Similar type of 
age related changes in immunity were reported in wild 
sheep by Nussey et al., (2012). Non-significant (P>0.05) 
variations were seen among the sheep aged between 
three to five years in response to ET vaccination. The 
mean percent positive values observed at three different 
farms were 44.85±3.67 (Sheep unit, College of Veterinary 
Science, Turupati), 47.35±1.88 (Penukonda sheep farm) 
and 39.47±1.87 (Sidderampuram farm) (Table 2). The 
immune responses of the sheep maintained at three 
different farms showed variation due to differences in 
management practices, nutrition and deworming among 
different farms.

Table 3. Mean PP values of serum samples collected from sheep 
vaccinated against Enterotoxaemia at different villages.

Age of the 
animals in 

years

Post Vaccination period

1 month 2 month 3 month 4 month Mean*± SEM

1 year 52.54 49.29 35.15 26.92 42.23a±2.34
2 year 49.11 45.06 35.15 27.24 38.02a±2.07
3 year 47.27 41.53 33.86 27.71 37.58a±2.36
4  year 44.61 40.39 31.66 21.17 30.48b±2.30
5 year 43.77 37.79 30.34 17.23 31.72b±2.54
Mean**± 
SEM

48.05A ± 
2.06

42.07A ± 
1.48

33.49B ± 
2.97

23.95C ± 
1.47

*Mean P.P Values in a row with different superscripts differ 
significantly (P<0.01)
**Mean P.P Values in a column with different superscripts 
differs significantly (P<0.05)

Table 2:  Percent positivity values of serum samples collected after two months of Enterotoxaemia vaccination in organized farms.

Name of the Farm
Age of Sheep in Years

1 2 3 4 5 Mean*± SEM
Sheep unit, College of Veterinary 
Science., Tirupati 55.19 44.09 39.62 37.11 30.59 44.85A±3.67

Penukonda Sheep Farm 56.22 49.05 44.12 43.83 43.81 47.35A±1.88
Sidderampuram Sheep Farm 
(RMF) 51.23 42.66 38.04 37.17 31.15 39.47B±1.87

Mean**±SEM 54.61a±2.25 45.16b±2.59 40.16c±2.52 39.56c±4.77 38.79c±3.62

*Mean P.P Values in a row with different superscripts differs significantly (P<0.05)
**Mean P.P Values in a column with different superscripts differs significantly (P<0.05)
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Table 4. Immune response of sheep vaccinated against ET under field conditions (different villages)

Village Age of the animal in years
1 2 3 4 5 Mean± SEM

PUDIPATLA (1)* 52.54 49.10 47.28 44.61 43.77 48.44A±2.09
PULIKUNTA (2)* 53.42 46.34 47.26 41.51 41.37 45.11AB±2.74
TURAKA VANDLA PALLI (2)* 47.52 42.32 37.48 37.06 36.59 39.59BC±2.54
KAMALAPURAM (2)* 48.37 45.27 43.89 42.32 36.23 42.03B±2.93
ARAVEEDU (3)* 35.15 35.15 33.87 31.66 30.34 33.49CD±3.01
A.RANGAMPETA (4)* 31.43 30.04 29.73 23.94 19.98 26.86D±1.91
CHERLO PALLI (4)* 26.00 22.00 21.62 17.97 13.71 19.64E±2.49
Mean SEM 42.03a±2.33 38.60a±2.10 37.30a±2.34 30.15b±2.28 31.71b±2.54

*Values in parenthesis against village name indicate the months of post vaccination
Mean P.P Values in a row with different superscripts differssignificantly (P<0.01)	
Mean P.P Values in a column with different superscripts differs significantly (P<0.05)

weeks after the primary dose. The decrease in the duration 
of immunity could be attributed to the managemental 
conditions prevailing in the rural sectors.

From this study it can be concluded that booster vaccination 
after 90 days would evoke satisfactory immunity to ET in 
sheep so as to effectively combat the natural ET outbreaks. 
However, better immune titers against the vaccination 
could be obtained by good management practices, 
nutrition and regular deworming irrespective of the age 
of animal. To elicit more accurate results the study need to 
be conducted taking large number of samples considering 
different parameters like antigen content in the vaccine, 
revaccination schedules, nutritional status, age and 
deworming schedules.
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