
1

SUPPLEMENTARY MATERIAL

Indian Journal of Animal Sciences 93 (7): 663–669, July 2023/Article
https://doi.org/10.56093/ijans.v93i7.132586

Systematic review and meta-analysis on brucellosis seroprevalence 
in ruminants (1970 – 2020) of India

MICHAEL V LALRINZUALA1, VINODHKUMAR O R1*, SHIKHA TAMTA1, D K SINGH, C 
LALSANGZUALA1, DAMINI KHAWASKAR1, ROTLUANGKIMI1, B R SINGH1  and D K SINHA1

ICAR-Indian Veterinary Research Institute, Bareilly, Uttar Pradesh 243 122 India

Received: 24 January 2023; Accepted: 16 May 2023

Supplementary Fig. 1. Baujat plot for seroprevalence of brucellosis in cattle (A), buffalo (B), goats (C), sheep (D). The studies in the 
right upper corner indicates the outlier. 
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Supplementary Fig. 2. Influence plot for brucellosis seroprevalence in cattle (A) and buffalo (B). The studies marked with red dots 
are identified as influential studies. 

Supplementary Fig. 3. Influence plot for brucellosis seroprevalence in goats (C) and sheep (D). The studies marked with red dots are 
identified as influential studies. 
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Supplementary Fig. 4. Forest plot (clipped to depict the effect sizes) showing seroprevalence of brucellosis in cattle, India. Weightage 
given to each included publication by both RE and FE models has been shown for comparison. ‘Total’ refers to the number of animals in 
each publication, ‘Events’ refers to the number of brucellosis positive animals and ‘Proportion’ refers to the brucellosis seroprevalence 
for each publication.



LALRINZUALA ET AL. [Indian Journal of Animal Sciences 93 (7) 4

4

Su
pp

le
m

en
ta

ry
 T

ab
le

 1
. D

et
ai

ls
 o

f s
pe

ci
es

, r
eg

io
n,

 d
ia

gn
os

tic
 te

st
, p

ub
lic

at
io

n 
ye

ar
 a

nd
 sa

m
pl

e 
si

ze
-w

is
e 

su
b-

gr
ou

p 
m

et
a-

an
al

ys
is

 o
n 

br
uc

el
lo

si
s s

er
op

re
va

le
nc

e 
in

 ru
m

in
an

ts
  

(1
97

0 
– 

20
20

) o
f I

nd
ia

Va
ria

bl
es

St
ud

ie
s 

in
cl

ud
ed

St
ra

ta
 le

ve
l 

st
ud

ie
s

Sa
m

pl
es

 
te

st
ed

Po
si

tiv
e 

sa
m

pl
es

Po
ol

ed
 e

st
im

at
e 

(R
E)

 (9
5%

C
I)

Po
ol

ed
 e

st
im

at
e 

(F
E)

 (9
5%

C
I)

P 
va

lu
e*

I2  v
al

ue
Ta

u 
sq

ua
re

Sp
ec

ie
s

C
at

tle
92

92
12

32
73

88
03

14
%

 (1
2%

- 1
6%

)
6%

 (5
%

-6
%

)
<0

.0
1

99
%

0.
02

B
uff

al
o

52
52

40
33

6
27

73
8%

 (6
%

- 9
%

)
5%

 (5
%

- 5
%

)
<0

.0
1

97
%

0.
02

Sh
ee

p
50

50
51

91
1

38
39

8%
 (7

%
- 1

0%
)

6%
 (6

%
- 6

%
)

<0
.0

1
96

%
0.

01
G

oa
t

61
61

53
83

7
36

78
8%

 (7
%

- 9
%

)
6%

 (5
%

- 6
%

)
<0

.0
1

96
%

0.
01

Ya
k

4
4

76
0

17
9

16
%

 (7
%

-2
8%

)
23

%
 (2

0%
-2

6%
)

<0
.0

1
92

%
0.

02
M

ith
un

2
2

17
0

46
26

%
 (1

2%
-4

2%
)

27
%

 (2
0%

-3
4%

)
<0

.0
2

81
 %

0.
01

G
eo

gr
ap

hi
c 

re
gi

on
C

at
tle

N
or

th
 In

di
a

31
42

23
46

7
23

60
13

%
 (1

0%
- 1

7%
)

7%
 (7

%
- 8

%
)

<0
.0

1
99

%
0.

03
W

es
t I

nd
ia

14
21

77
43

10
20

14
%

 (8
%

- 2
1%

)
10

%
 (9

%
- 1

1%
)

<0
.0

1
99

%
0.

05
C

en
tra

l I
nd

ia
9

9
58

15
47

4
16

%
 (8

%
- 2

6%
)

6%
 (5

%
- 7

%
)

<0
.0

1
99

%
0.

03
So

ut
h 

In
di

a
24

32
37

90
5

18
37

8%
 (6

%
- 1

0%
)

4%
 (4

%
- 4

%
)

<0
.0

1
97

%
0.

01
Ea

st
 In

di
a

10
12

41
54

4
25

29
7%

 (4
%

- 1
0%

)
6%

 (5
%

- 6
%

)
<0

.0
1

99
%

0.
01

N
or

th
ea

st
 In

di
a

16
24

62
95

48
5

9%
 (5

%
- 1

4%
)

5%
 (4

%
- 5

%
)

<0
.0

1
97

%
0.

03
A

nd
am

an
 &

 
N

ic
ob

ar
 Is

la
nd

s
3

3
50

4
98

14
%

 (3
%

- 3
1%

)
18

%
 (1

5%
- 2

2%
)

<0
.0

1
93

%
0.

03

B
uff

al
o

N
or

th
 In

di
a

26
30

11
59

4
85

7%
 (5

%
- 1

0%
)

5%
 (5

%
- 6

%
)

<0
.0

1
96

%
0.

02
W

es
t I

nd
ia

14
20

64
34

82
5

12
%

 (7
%

- 1
9%

)
10

%
 (9

%
- 1

1%
)

<0
.0

1
98

%
0.

04
C

en
tra

l I
nd

ia
4

4
11

54
42

4%
 (1

%
- 1

0%
)

3%
 (2

%
- 4

%
)

<0
.0

1
86

%
0.

01
So

ut
h 

In
di

a
11

17
19

94
9

87
5

4%
 (2

%
- 7

%
)

3%
 (3

%
- 3

%
)

<0
.0

1
97

%
0.

01
Ea

st
 In

di
a

2
2

93
6

15
7

8%
 (0

%
- 3

4%
)

16
%

 (1
3%

- 1
8%

)
<0

.0
1

98
%

0.
06

N
or

th
ea

st
 In

di
a

4
4

23
2

21
9%

 (1
%

- 2
1%

)
6%

 (3
%

- 1
0%

)
0.

02
71

%
0.

01
A

nd
am

an
 &

 
N

ic
ob

ar
 Is

la
nd

s
1

1
37

3
8%

 (2
%

- 2
2%

)
N

A
N

A
N

A
N

A

Sh
ee

p
N

or
th

 In
di

a
24

24
21

17
8

13
05

7%
 (5

%
- 1

0%
)

4%
 (4

%
- 4

%
)

<0
.0

1
97

%
0.

01
W

es
t I

nd
ia

14
26

85
03

80
0

10
%

 (7
%

- 1
4%

)
8%

 (7
%

- 8
%

)
<0

.0
1

95
%

0.
02

C
en

tra
l I

nd
ia

4
4

13
61

17
1

9%
 (3

%
- 1

6%
)

12
%

 (1
0%

- 1
3%

)
<0

.0
1

88
%

0.
01

So
ut

h 
In

di
a

12
18

11
49

4
56

9
8%

 (6
%

- 1
1%

)
4%

 (4
%

- 5
%

)
<0

.0
1

92
%

0.
01

Ea
st

 In
di

a
3

5
10

78
62

5%
 (0

%
- 1

4%
)

3%
 (2

%
- 5

%
)

<0
.0

1
96

%
0.

03
N

or
th

ea
st

 In
di

a
4

4
34

7
17

1%
 (0

%
- 7

%
)

3%
 (1

%
- 5

%
)

<0
.0

1
79

%
0.

01
A

ll 
In

di
a

1
1

79
50

91
5

12
%

 (1
1%

- 1
2%

)
N

A
N

A
N

A
N

A
G

oa
t

N
or

th
 In

di
a

26
28

15
67

1
10

08
8%

 (5
%

- 1
1%

)
5%

 (4
%

- 5
%

)
<0

.0
1

98
%

0.
02

W
es

t I
nd

ia
17

28
10

18
7

94
4

9%
 (7

%
- 1

2%
)

8%
 (8

%
- 9

%
)

<0
.0

1
94

%
0.

01
C

en
tra

l I
nd

ia
5

5
22

90
23

6
13

%
 (6

%
- 2

1%
)

9%
 (8

%
- 1

1%
)

<0
.0

1
97

%
0.

02
So

ut
h 

In
di

a
10

16
59

58
40

7
7%

 (5
%

- 1
0%

)
6%

 (6
%

- 7
%

)
<0

.0
1

87
%

0.
01

Ea
st

 In
di

a
3

3
98

6
65

8%
 (0

%
- 2

5%
)

5%
 (3

%
- 6

%
)

<0
.0

1
98

%
0.

04
N

or
th

ea
st

 In
di

a
9

10
25

90
12

4
5%

 (2
%

- 1
0%

)
3%

 (2
%

- 4
%

)
<0

.0
1

91
%

0.
02

C
on

tin
ue

d.
..



BRUCELLOSIS SEROPREVALENCE IN RUMINANTSJuly 2023] 5

5

Va
ria

bl
es

St
ud

ie
s 

in
cl

ud
ed

St
ra

ta
 le

ve
l 

st
ud

ie
s

Sa
m

pl
es

 
te

st
ed

Po
si

tiv
e 

sa
m

pl
es

Po
ol

ed
 e

st
im

at
e 

(R
E)

 (9
5%

C
I)

Po
ol

ed
 e

st
im

at
e 

(F
E)

 (9
5%

C
I)

P 
va

lu
e*

I2  v
al

ue
Ta

u 
sq

ua
re

A
nd

am
an

 &
 

N
ic

ob
ar

 Is
la

nd
s

2
2

32
1

36
5%

 (0
%

- 2
2%

)
10

%
 (7

%
- 1

4%
)

0.
03

78
%

0.
02

A
ll 

In
di

a
1

1
15

83
4

85
8

5%
 (5

%
- 6

%
)

N
A

N
A

N
A

N
A

D
ia

gn
os

tic
 

te
st

s
C

at
tle

A
B

-E
LI

SA
8

9
21

63
27

7
13

%
 (9

%
- 1

9%
)

12
%

 (1
1%

- 1
4%

)
<0

.0
1

91
%

0.
01

c-
EL

IS
A

1
1

40
4

44
9%

 (3
%

- 1
7%

)
N

A
N

A
N

A
N

A
do

t-E
LI

SA
1

1
11

0
16

15
%

 (9
%

- 2
3%

)
N

A
N

A
N

A
N

A
i-E

LI
SA

24
48

18
74

3
26

58
15

%
 (1

3%
- 1

8%
)

 1
3%

 (1
2%

- 1
3%

)
<0

.0
1

96
%

0.
02

m
-E

LI
SA

4
4

69
2

15
5

21
%

 (5
%

- 4
5%

)
20

%
 (1

7%
- 2

3%
)

<0
.0

1
98

%
0.

07
M

RT
8

8
53

85
26

3
9%

 (4
%

- 1
6%

)
4%

 (3
%

- 4
%

)
<0

.0
1

97
%

0.
03

PA
T

1
1

14
3

54
38

%
 (3

0%
- 4

6%
)

N
A

N
A

N
A

N
A

pl
at

e-
EL

IS
A

2
2

13
83

28
9

20
%

 (1
1%

- 3
1%

)
21

%
 (1

9%
- 2

3%
)

<0
.0

1
96

%
0.

01
R

B
PT

15
15

39
20

5
26

64
18

%
 (1

2%
- 2

5%
)

6%
 (5

%
- 8

%
)

<0
.0

1
99

%
0.

03
ST

AT
15

52
55

04
5

24
43

5%
 (3

%
- 6

%
)

3%
 (3

%
- 3

%
)

<0
.0

1
98

%
0.

01
B

uff
al

o
A

B
-E

LI
SA

3
3

50
1

16
9

19
%

 (0
%

- 5
5%

)
31

%
 (2

7%
- 3

6%
)

<0
.0

1
95

%
0.

08
do

t-E
LI

SA
1

1
55

7
13

%
 (5

%
- 2

4%
)

N
A

N
A

N
A

N
A

i-E
LI

SA
15

31
82

61
90

9
9%

 (6
%

- 1
2%

)
9%

 (8
%

- 1
0%

)
<0

.0
1

95
%

0.
02

m
-E

LI
SA

2
2

57
8

74
13

%
 (8

%
- 1

9%
)

13
%

 (1
0%

- 1
6%

)
0.

07
70

%
0.

00
M

RT
4

4
14

03
10

4%
 (0

%
- 1

6%
)

0%
 (0

%
- 0

%
)

<0
.0

1
91

%
0.

03
R

B
PT

8
8

26
30

45
4

20
%

 (1
0%

- 3
2%

)
15

%
 (1

4%
- 1

7%
)

<0
.0

1
98

%
0.

04
ST

AT
19

29
26

90
8

11
50

4%
 (2

%
- 5

%
)

3%
 (3

%
- 4

%
)

<0
.0

1
96

%
0.

01
Sh

ee
p

c-
EL

IS
A

2
2

26
2

37
14

%
 (1

0%
- 1

9%
)

14
%

 (1
0%

- 1
9%

)
0.

78
0%

0.
00

do
t-E

LI
SA

1
1

77
17

22
%

 (1
3%

- 3
3%

)
N

A
N

A
N

A
N

A
C

IE
P

1
1

40
3

22
5%

 (3
%

-8
%

)
N

A
N

A
N

A
N

A
i-E

LI
SA

15
41

18
87

0
21

17
8%

 (6
%

- 1
0%

)
10

%
 (9

%
- 1

0%
)

<0
.0

1
93

%
0.

01
M

AT
1

1
22

3
80

36
%

 (3
0%

- 4
3%

)
N

A
N

A
N

A
N

A
m

-E
LI

SA
1

1
39

0
60

15
%

 (1
2%

-1
9%

)
N

A
N

A
N

A
N

A
M

RT
1

1
10

41
18

2%
 (1

%
- 3

%
)

N
A

N
A

N
A

N
A

R
B

PT
13

16
37

78
40

7
12

%
 (7

%
- 1

7%
)

9%
 (8

%
- 1

0%
)

<0
.0

1
94

%
0.

02
ST

AT
16

18
26

86
7

10
81

4%
 (3

%
- 5

%
)

3%
 (3

%
- 4

%
)

<0
.0

1
92

%
0.

00
G

oa
t

A
B

-E
LI

SA
3

3
88

3
2%

 (0
%

- 1
4%

)
1%

 (0
%

- 5
%

)
0.

07
63

%
0.

02
c-

EL
IS

A
2

2
34

9
46

13
%

 (9
%

- 1
8%

)
13

%
 (1

0%
- 1

7%
)

0.
19

43
%

0.
00

C
FT

1
1

75
2

3%
 (0

%
- 9

%
)

N
A

N
A

N
A

N
A

do
t-E

LI
SA

4
5

28
37

42
4

18
%

 (1
0%

- 2
8%

)
14

%
 (1

3%
- 1

5%
)

<0
.0

1
97

%
0.

02
i-E

LI
SA

16
44

28
94

0
22

21
9%

 (7
%

- 1
1%

)
7%

 (6
%

- 7
%

)
<0

.0
1

95
%

0.
01

M
AT

1
1

10
24

15
1%

 (1
%

- 2
%

)
N

A
N

A
N

A
N

A
M

RT
2

2
91

2
87

10
%

 (5
%

- 1
7%

)
9%

 (8
%

- 1
1%

)
<0

.0
1

90
%

0.
01

R
B

PT
16

18
68

56
38

8
6%

 (4
%

- 9
%

)
5%

 (4
%

- 5
%

)
<0

.0
1

92
%

0.
00

C
on

tin
ue

d.
..

Su
pp

le
m

en
ta

ry
 T

ab
le

 1
. (

C
on

tin
ue

d)



LALRINZUALA ET AL. [Indian Journal of Animal Sciences 93 (7) 6

6

Va
ria

bl
es

St
ud

ie
s 

in
cl

ud
ed

St
ra

ta
 le

ve
l 

st
ud

ie
s

Sa
m

pl
es

 
te

st
ed

Po
si

tiv
e 

sa
m

pl
es

Po
ol

ed
 e

st
im

at
e 

(R
E)

 (9
5%

C
I)

Po
ol

ed
 e

st
im

at
e 

(F
E)

 (9
5%

C
I)

P 
va

lu
e*

I2  v
al

ue
Ta

u 
sq

ua
re

ST
AT

16
18

12
75

6
49

2
5%

 (4
%

- 8
%

)
3%

 (3
%

- 3
%

)
<0

.0
1

96
%

0.
01

Pu
bl

ic
at

io
n 

pe
rio

d
C

at
tle

19
70

-1
98

6
18

18
13

15
2

12
03

10
%

 (6
%

- 1
5%

)
7%

 (7
%

- 8
%

)
<0

.0
1

99
%

0.
03

19
87

-2
00

3
17

40
46

55
9

15
81

5%
 (3

%
- 6

%
)

2%
 (2

%
- 2

%
)

<0
.0

1
98

%
0.

01
20

04
-2

02
0

58
85

63
99

0
60

82
15

%
 (1

2%
- 1

7%
)

8%
 (8

%
- 8

%
)

<0
.0

1
98

%
0.

02
B

uff
al

o
19

70
-1

98
6

12
12

70
43

39
1

5%
 (2

%
- 1

1%
)

3%
 (3

%
- 4

%
)

<0
.0

1
98

%
0.

02
19

87
-2

00
3

8
18

20
98

6
75

5
2%

 (1
%

- 4
%

)
3%

 (2
%

- 3
%

)
<0

.0
1

93
%

0.
00

20
04

-2
02

0
33

48
12

41
1

16
74

11
%

 (8
%

- 1
4%

)
11

%
 (1

1%
- 1

2)
<0

.0
1

96
%

0.
02

Sh
ee

p
19

70
-1

98
6

5
5

25
44

48
2%

 (1
%

- 2
%

)
2%

 (1
%

- 2
%

)
0.

54
0%

0.
00

19
87

-2
00

3
11

11
18

43
6

62
7

4%
 (3

%
- 5

%
)

3%
 (3

%
- 3

%
)

<0
.0

1
88

%
0.

00
20

04
-2

02
0

34
66

30
93

1
31

64
9%

 (8
%

- 1
1%

)
9%

 (8
%

- 9
%

)
<0

.0
1

94
%

0.
01

G
oa

t
19

70
-1

98
6

7
7

62
97

24
2

5%
 (3

%
- 7

%
)

4%
 (3

%
- 4

%
)

<0
.0

1
89

%
0.

00
19

87
-2

00
3

14
15

96
21

51
6

6%
 (3

%
- 9

%
)

3%
 (3

%
- 4

%
)

<0
.0

1
97

%
0.

02
20

04
-2

02
0

40
73

38
02

5
29

61
9%

 (7
%

- 1
0%

)
7%

 (6
%

- 7
%

)
<0

.0
1

95
%

0.
01

Sa
m

pl
e 

si
ze

C
at

tle
1-

20
0

49
64

75
17

12
55

15
%

 (1
2%

- 1
8%

)
15

%
 (1

4%
- 1

6%
)

<0
.0

1
92

%
0.

03
M

or
e 

th
an

 2
00

49
79

11
61

84
76

11
8%

 (7
%

- 1
0%

)
5%

 (5
%

- 5
%

)
<0

.0
1

99
%

0.
02

B
uff

al
o

1-
20

0
28

41
34

90
36

8
7%

 (4
%

- 1
1%

)
7%

 (6
%

- 8
%

)
<0

.0
1

91
%

0.
03

>2
00

27
37

36
95

0
24

52
8%

 (6
%

- 1
1%

)
5%

 (5
%

- 5
%

)
<0

.0
1

99
%

0.
02

Sh
ee

p
1-

20
0

25
46

42
17

48
7

9%
 (6

%
- 1

2%
)

9%
 (8

%
- 1

0%
)

<0
.0

1
89

%
0.

02
> 

20
0

28
36

47
69

4
33

52
7%

 (6
%

- 9
%

)
6%

 (6
%

- 6
%

)
<0

.0
1

98
%

0.
01

G
oa

t
1-

20
0

33
51

49
45

62
2

9%
 (7

%
- 1

2%
)

10
%

 (9
%

- 1
1%

)
<0

.0
1

90
%

0.
02

>2
00

33
43

48
96

8
30

97
7%

 (5
%

- 8
%

)
6%

 (5
%

- 6
%

)
<0

.0
1

97
%

0.
01

N
D

: n
ot

 d
on

e;
 N

A
: n

ot
 a

pp
lic

ab
le

; R
E:

 R
an

do
m

 e
ffe

ct
; F

E:
 F

ix
ed

 e
ffe

ct
; C

I; 
C

on
fid

en
ce

 in
te

rv
al

; A
B

-E
LI

SA
: A

vi
di

n-
B

io
tin

 E
nz

ym
e-

lin
ke

d 
im

m
un

os
or

be
nt

 a
ss

ay
; c

-E
LI

SA
: c

om
pe

tit
iv

e 
En

zy
m

e-
lin

ke
d 

im
m

un
os

or
be

nt
 a

ss
ay

; d
ot

-E
LI

SA
: d

ot
-E

nz
ym

e-
lin

ke
d 

im
m

un
os

or
be

nt
 a

ss
ay

; i
-E

LI
SA

: i
nd

ire
ct

 E
nz

ym
e-

lin
ke

d 
im

m
un

os
or

be
nt

 a
ss

ay
; M

AT
: M

ic
ro

sc
op

ic
 a

gg
lu

tin
at

io
n 

te
st

; 
M

RT
: M

ilk
 ri

ng
 te

st
; P

AT
: P

la
te

 a
gg

lu
tin

at
io

n 
te

st
; R

B
PT

: R
os

e 
be

ng
al

 p
la

te
 a

gg
lu

tin
at

io
n 

te
st

; S
TA

T:
 S

ta
nd

ar
d 

tu
be

 a
gg

lu
tin

at
io

n 
te

st
; p

la
te

-E
LI

SA
: p

la
te

-E
nz

ym
e-

lin
ke

d 
im

m
un

os
or

be
nt

 
as

sa
y;

 C
FT

: C
om

pl
em

en
t fi

xa
tio

n 
te

st
, C

IE
P:

 C
ou

nt
er

 im
m

un
oe

le
ct

ro
ph

or
es

is
, m

-E
LI

SA
: m

ilk
 E

LI
SA

. *
, P

 v
al

ue
 <

0.
01

 a
nd

 <
0.

05
 in

di
ca

te
 a

 s
ig

ni
fic

an
t d

iff
er

en
ce

 b
et

w
ee

n 
th

e 
fix

ed
 e

ffe
ct

 
an

d 
ra

nd
om

 e
ffe

ct
 m

od
el

s.

Su
pp

le
m

en
ta

ry
 T

ab
le

 1
. (

C
on

cl
ud

ed
)


