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Supplementary Figure 1: Funnel plots showing seroprevalence (top) and pathogen prevalence (bottom) of paratuberculosis
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in livestock ruminants in the Arabian Peninsula.




2 Forest plots
2.1 Seroprevalence of paratuberculosis in ruminants

2.1.1 Herd level seroprevalence

Events per 100

Study Total Herd Total Positive Prevalence 95% Cl Weight observations
Al-Majali et al., 2008 62 30 48.4 [355;61.4] 25.4% —
Elmoslemany et al., 2022 67 27 40.3 [28.5; 53.0] 25.4% i ——
Elsohaby et al., 2021 31 7 226 [96;411] 22.8% —

Hussain et al., 2015 553 51 9.2 [6.9;11.9] 26.5% = ;

Random effects model 713 26.9 [11.8; 50.2] 100.0% ————

Heterogeneity: /% = 96%, ° = 0.9813, p < 0.01
0 10 20 30 40 50 60 70
Prevalence (%)

Supplementary Figure 2: Ruminant herd level seroprevalence of paratuberculosis in the Arabian Peninsula.

2.1.2 Individual level seroprevalence

Events per 100

Study Total Sample Total Positive Prevalence 95% Cl Weight observations

Al-Majali et al., 2008 620 234 37.7 [33.9;41.7] 88% ——

Hailat et al., 2012b 278 8 29 [13; 58] 81% =

Hussain et al., 2015 2255 59 26 [20; 34) 88% E

Al Hajri et al., 2007 687 17 25 [14; 38] 85% =

Alhebabi and Alluwaimi, 2010 861 29 34 [23; 48] 86% ® :

Alluwaimi et al., 2000 55 2 36 [04;125] 6.3% —#F——

Badi et al., 2010 214 7 33 [1.3; 66] 8.0% =

Elmoslemany et al., 2022 391 67 17.1 [13.5;21.2] 8.8% ;.

Elsohaby et al., 2021 655 99 15.1 [12.5; 18.1] 8.8% N

Elsohaby et al., 2025 649 118 18.2 [15.3; 21.4] 8.8% P

Housawi et al., 2015 444 32 7.2 [5.0;10.0] 8.7% -

Salem et al., 2019 30 9 30.0 [14.7;49.4] 7.9% +

Random effects model 7139 8.1 [4.3; 14.6] 100.0%  —bw——

Heterogeneity: /2 = 98%, 2 = 1.2996, p < 0.01 ‘ ' J ' J '

0 10 20 30 40 50
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Supplementary Figure 3: Individual animal-level estimated pooled seroprevalence of paratuberculosis in the Arabian
Peninsula.



2.1.3 Risk factors of seroprevalence
2.1.3.1  Country of origin

Events per 100
Study Total Sample Total Positive Prevalence 95% CI Weight observations
Al-Majali et al., 2008 620 234 37.7 [33.9;41.7] 8.8% ——
Hailat et al., 2012b 278 8 29 [1.3; 56] 81% =
Hussain et al., 2015 2255 59 26 [2.0; 34] 88% =

R ——-—
Al Hajri et al., 2007 687 17 25 [14; 39] 85% =
Alhebabi and Alluwaimi, 2010 861 29 34 [23; 48] 86% =
Alluwaimi et al., 2000 55 2 36 [04;125] 6.3% *®——
Badi et al., 2010 214 7 33 [1.3; 66] 8.0% =
Elmoslemany et al., 2022 391 67 17.1 [13.5;21.2] 8.8% ——
Elsohaby et al., 2021 655 99 15.1 [12.5; 18.1] 8.8% -
Elsohaby et al., 2025 649 118 18.2 [15.3;21.4] 8.8% ——
Housawi et al., 2015 444 32 7.2 [5.0;10.0] B8.7% -
Salem et al., 2019 30 9 30.0 [14.7;49.4] 7.9% =
-:—-—

Random effects model 7139 8.1 [4.3; 14.6] 100.0%  —sw=—
Heterogeneity: /° = 98%, 1 = 1.2996, p < 0.01 ' ‘ f ‘ ' '
Test for subgroup differences: ;gf =0.01,df =1 (p = 0.90) 0 10 20 30 40 50

Prevalence (%)

Supplementary Figure 4: Individual animal-level estimated pooled seroprevalence of paratuberculosis based on country of
origin.



2.1.3.2  Species

Events per 100
Study Total Sample Total Positive Prevalence 95% Cl1 Weight observations
Al Hajri et al., 2007 687 17 25 [14; 39] 53% =
Badi et al., 2010 214 7 33 [1.3; 66] 49% =
Elsohaby et al., 2021 66 13 19.7 [10.9; 31.3] 52% —a—
Elsohaby et al., 2025 66 14 21.2 [12.1;33.00] 52% —
Hailat et al., 2012b 278 8 29 [1.3; 56] 50% =
~im——
Al-Majali et al., 2008 300 163 54.3 [48.5;60.1 56% ——
Elsohaby et al., 2021 123 21 17.1 [10.9; 24.9] 54% ——
Elsohaby et al., 2025 123 25 20.3 [13.6;28.5] 5.4% —a—
——
Al-Majali et al., 2008 320 71 222 [17.8;27.1] 586% —=—
Alluwaimi et al., 2000 55 2 3.6 [04;125] 3.8% *—
Elsohaby et al., 2021 220 43 19.5 [14.5;254] 55% ——
Elsohaby et al., 2025 220 57 259 [20.3;32.2] 55% —a—
B
Alhebabi and Alluwaimi, 2010 861 29 34 [23; 48] 55% =
Elmoslemany et al., 2022 391 63 16.1 [12.6; 20.1] 5.5% -
Elsohaby et al., 2021 240 22 92 [58;135] 54% =
Elsohaby et al., 2025 240 22 92 [58;135 54% =
Housawi et al., 2015 444 32 7.2 [5.0;10.0] 55% =
Hussain et al., 2015 553 51 92 [6.9;11.9] 55% =
Salem et al., 2019 30 9 30.0 [14.7;49.4] 4.9% —
i
Random effects model 5431 12.0 [7.8; 18.0] 100.0% -
Heterogeneity: 12 = 97%, «* = 1.0333, p < 0.01 L
Test for subgroup differences: ;;§ =15.21,df =3 (p < 0.01) 0 10 20 30 40 50 60 70
Prevalence (%)

Supplementary Figure 5: Individual animal-level estimated pooled seroprevalence of paratuberculosis based on ruminant
species.

2.1.3.3  Sex
Events per 100
Study Total Sample Total Positive Prevalence 95% Cl Weight observations
Al Hajri et al., 2007 687 17 25 [1.4; 3.9 18.4%
Badi et al., 2010 214 7 33 [1.3; 6.6] 17.2% &
Housawi et al., 2015 346 27 7.8 [52;112] 18.7% W
Salem et al., 2019 18 T 38.9 [17.3;64.3] 16.2% &
1265 7.4 [2.0;24.1] 70.5% —tm=—r
Housawi et al., 2015 98 5 51 [1.7;11.5] 165% B
Salemet al., 2019 12 2 16.7 [2.1;48.4] 13.0% £
110 8.2 [2.5;23.9] 29.5% —=tm=————-
Random effects model 1375 7.7 [3.1;17.9] 100.0% —~s=——
Heterogeneity: I° = 89%, 1° = 1.2413, p < 0.01 L
Test for subgroup differences: ﬁ =0.01,df=1(p =0.90) 0 10 20 30 40 50 60 70
Prevalence (%)

Supplementary Figure 6: Individual animal-level estimated pooled seroprevalence of paratuberculosis based on ruminant
sex



2.1.3.4  Age

Events per 100
Study Total Sample Total Positive Prevalence 95% ClI Weight observations
Al Hajri et al., 2008 356 13 37 [2.0; 62] 127% =
Alhebabi and Alluwaimi, 2010 268 5 1.9 [06; 43] 11.4% =
Elsohaby et al., 2021 649 a9 15.3 [12.6; 18.3] 13.6% =
Housawi et al., 2015 254 20 79 [4.9;119] 131% =
Salem et al., 2019 9 2 222 [28;600] 83% —F—
<
Al Hajri et al., 2007 331 4 1.2 [03; 31 11.0% &
Alhebabi and Alluwaimi, 2010 386 14 36 [2.0; 6.0] 12.8% =
Housawi et al., 2015 90 12 13.3 [7.1;22.1] 125% [—&—
Salem et al., 2019 70 0 0.0 [0.0; 5.1] 4.5% =
-
Random effects model 2413 5.3 [2.6; 10.3] 100.0% <
Heterogeneity: /° = 91%, * = 0.9858, p < 0.01 ' ' ' ! ' '
Test for subgroup differences: 1> = 0.97, df =1 (p =0.32) 0 20 40 60 80 100
Prevalence (%)

Supplementary Figure 7: Individual animal-level estimated pooled seroprevalence of paratuberculosis based on ruminant
age.

2.2 Pathogen prevalence in ruminants

Events per 100
Study Total Sample Total Positive Prevalence 85% Cl Weight observations
Al Hajri et al., 2007 62 22 355 [23.7, 487] B.7% ——
Al-Oubaib et al., 2008 2610 28 11 [0F; 18 688%™
Alhebabi and Aluwaimi, 2010 30 ar 31.3 [26.2, 36.8] 6.9% P i
Alharbi et al., 2012 6 & 833 [359; 996] 44% =
Alluwaimi and Badi, 2015 200 13 65 [3.5 109 67% =
Asghar et al., 2014 16 2 125 [1.6; 38.3] 55% L
El-Sabagh et al., 2017 50 30 60.0 [45.2; T3.6] 6.6% —
Elschaby =t al., 2021 649 137 211 [18.0; 24.5] 6.9% L]
Elschaby et al, 2025 649 111 171 [14.3; 20.2] 65% !
Ghosh et al., 2012 a9 3 77 [1.6 208] 58% &
Hailat et al., 2012a 150 18 120 [7.3; 18.3] B67% =
Hailat et al., 2012k 170 10 647 [57.0; T1.9] 6.8% L
Hailat et al.., 2010 202 22 1089 [7.0; 16.0) B.7% =
Hassan et al., 2022 a7 14 161 [9.1, 25.58] 6.6% -
Hereba et al., 2015 a 8 100.0 [63.1; 100.0] 3.5% —
Salem et al., 2019 30 8 26,7 [12.3, 458] 6.4% —I—
Random effects model 5238 22.4 [12.0; 38.1] 100.0% —mg——
Heterogeneity I° = §7%, +* = 21463, p = 0.01 ' ' '
0 20 40 &0 80 100
Prevalence (%)

Supplementary Figure 8: Individual animal-level estimated pooled pathogen prevalence of paratuberculosis in
the Arabian Peninsula.



2.2.1 Risk factors of pathogen prevalence
2.2.1.1  Country of origin

Events per 100
Study Total Sample Total Positive Prevalence 95% Cl Weight observations
Al Hajri et al., 2007 62 22 35.5 [23.7; 48.7] 6.7% —E—
Al-Dubaib et al., 2008 2610 29 11 [07, 16] 6.8%
Alhebabi and Alluwaimi, 2010 310 97 31.3 [26.2; 36.8] 6.9% -
Alharbi et al., 2012 6 5 83.3 [35.9; 99.6] 4.4% —_——F——
Alluwaimi and Badi, 2015 200 13 6.5 [3.5 109] 67% =
Asghar et al., 2014 16 2 125 [1.6; 383] 55% —=——
El-Sabagh et al., 2017 50 30 60.0 [45.2; 73.6] 6.6% —=—
Elsohaby et al., 2021 649 137 21.1 [18.0; 24.5] 6.9% =
Elsohaby et al., 2025 649 111 171 [14.3; 20.2] 6.9% =
Ghosh et al., 2012 39 3 7.7 [1.6; 209] 59% —=—
Hereba et al., 2015 8 8 100.0 [63.1; 100.0] 3.5% —=
Salem et al., 2019 30 8 26.7 [12.3; 459] 6.4% i

= —
Hailat et al., 2012a 150 18 12.0 [7.3; 18.3] 6.7% =
Hailat et al., 2012b 170 110 64.7 [57.0; 71.9] 6.8% —E—
Hailat et al., 2010 202 22 109 [7.0; 16.0] 6.7% =
e ——

Hassan et al., 2022 87 14 16.1 [9.1; 255] 66% =+
Random effects model 5238 22.4 [12.0; 38.1] 100.0% ——
Heterogeneity: /2= 97%, <2 = 2.1463, p < 0.01 ! ' ' ' ' !
Test for subgroup differences: )é =0.78,df =2 (p = 0.68) 0 20 40 60 80 100

Prevalence (%)

Supplementary Figure 9: Individual animal-level estimated pooled pathogen prevalence of paratuberculosis based on
country of origin.



2.2.1.2  Ruminant type

Events per 100

Prevalence (%)

Study Total Sample Total Positive Prevalence 95% CI Weight observations
Al Hajri et al., 2007 62 22 355 [23.7; 48.7] 4.7% ——
Alharbi et al., 2012 6 5 83.3 [35.9; 99.6] 2.8% —_—
Alhebabi and Alluwaimi, 2010 310 97 31.3 [26.2; 36.8] 4.8% =
Alluwaimi and Badi, 2015 200 13 6.5 [3.5; 10.9] 46% =
El-Sabagh et al., 2017 50 30 60.0 [45.2; 73.6] 4.6% —
Elsohaby et al., 2021 240 24 10.0 [6.5; 14.5] 4.7% =
Elsohaby et al., 2021 66 20 30.3 [19.6; 42.9] 4.6% —
Elsohaby et al., 2025 240 26 10.8 [7.2; 15.5] 4.7% =+
Elsohaby et al., 2025 66 0 0.0 [0.0; 54] 2.2%»
Ghosh et al., 2012 39 3 7.7 [1.6; 20.9] 4.0% —=—
Hailat et al., 2012a 50 4 8.0 [22; 19.2] 4.2% —=—
Hailat et al., 2012b 170 110 64.7 [57.0; 71.9] 4.8% ——
Hereba et al., 2015 8 8 100.0 [63.1; 100.0] 2.1% —_—
Salem et al., 2019 30 8 26.7 [12.3; 459] 4.4% —
~—a——

Al-Dubaib et al., 2008 2610 29 1.1 [07; 16] 4.8%
Asghar et al., 2014 4 1 250 [0.6; 80.6] 2.7%
Asghar et al., 2014 12 1 83 [02; 385] 29% = ——
Elsohaby et al., 2021 123 34 27.6 [20.0; 36.4] 4.7% ——
Elsohaby et al., 2021 220 59 26.8 [21.1; 33.2] 4.8% —=—
Elsohaby et al., 2025 123 23 18.7 [12.2; 26.7] 4.7% ——
Elsohaby et al., 2025 220 62 28.2 [22.3; 346] 4.8% ——
Hailat et al., 2010 202 22 10.9 [7.0; 16.0] 4.7% =
Hailat et al., 2012a 50 5 10.0 [3.3; 21.8] 4.3% —=—
Hailat et al., 2012a 50 9 18.0 [86; 31.4] 45% —=—

=
Random effects model 5151 19.6 [12.3; 29.8] 100.0% i
Heterogeneity: 1% = 96%, «* = 1.6365, p < 0.01 ! ‘ ‘ ‘ ‘ '
Test for subgroup differences: ﬁ =1.71,df=1(p =0.19) 0 20 40 60 80 100

Supplementary Figure 10: Individual animal-level estimated pooled pathogen prevalence of paratuberculosis based on

ruminant type.




2.2.1.3  Species

Study

Al Hajri et al., 2007
Alharbi et al., 2012
Alluwaimi et al., 2000
Asghar et al., 2014
Hailat et al., 2010
Hereba et al., 2015
Salem et al., 2019

Alluwaimi et al., 2000
El-Sabagh et al., 2017
Elsohaby et al., 2021
Hailat et al., 2012a

Alhebabi and Alluwaimi, 2010
Alluwaimi et al., 2000
El-Sabagh et al., 2017

Hailat et al., 2012b

Al-Dubaib et al., 2008
Alhebabi and Alluwaimi, 2010
Alluwaimi et al., 2000
El-Sabagh et al., 2017
Ghosh et al., 2012

Random effects model

Total Sample Total Positive Prevalence

62
6
240
6
202
8
30

66

263
150

4617

Heterogeneity: 1° = 95%, <> = 1.6229, p < 0.01
Test for subgroup differences: y? =6.11,df=3 (p =0.11)

22
5
24
2
53
8
8

29

59

53

95% CI Weight

35.5 [23.7; 48.7] 5.6%
83.3 [35.9; 99.6] 3.4%
10.0 [6.5; 14.5] 5.7%
33.3 [4.3 77.7] 4.0%
26.2 [20.3; 32.9] 5.8%
100.0 [63.1; 100.0]  2.5%
26.7 [12.3; 45.9] 5.3%
30.3 [19.6; 42.9] 5.6%
8.0 [22 19.2] 5.0%
30 [13; 59] 54%
120 [7.3; 18.3] 5.7%
25.0 [0.5; 80.6] 3.2%
27.6 [20.0; 36.4] 5.7%
10.0 [3.3; 21.8] 52%
3.0 [13; 59] 5.4%
11 [07; 18] 58%
8.3 [0.2: 385 3.5%
26.8 [21.1; 332] 5.8%
18.0 [8.6; 31.4] 5.4%
26.2 [20.3; 32.9] 5.8%

17.1 [10.1; 27.4] 100.0%

Events per 100
observations

-
[ l l I I 1

0 20 40 60 80 100

Prevalence (%)

Supplementary Figure 11: Individual animal-level estimated pooled pathogen prevalence of paratuberculosis based on

ruminant species.
2.2.1.4  Sex
Events per 100
Study Total Sample Total Positive Prevalence 95% CI Weight observations

Al Hajri et al., 2007
Hassan et al., 2022
Hereba et al., 2015
Salem et al., 2019

Hereba et al., 2015
Salem et al., 2019

Random effects model

62
87

5
18

187

Heterogeneity: /% = 71%, t> = 0.6813, p < 0.01
Test for subgroup differences: ﬁ =0.13,df=1(p =0.72)

22
14
5
6

N W

25.7%
25.2%

6.7%
20.7%

35.5 [23.7; 48.7]
16.1 [9.1; 25.5)
100.0 [47.8; 100.0]
33.3 [13.3; 59.0]

6.5%
15.1%

100.0 [29.2; 100.0]
16.7 [2.1; 48.4]

33.9 [17.8; 54.8] 100.0%

20 40 60 80 100
Prevalence (%)

Supplementary Figure 12: Individual animal-level estimated pooled pathogen prevalence of paratuberculosis based on

ruminant sex.




2.2.1.5 Age

Events per 100
Study Total Sample Total Positive Prevalence 95% Cl Weight observations
Al Hajri et al., 2007 29 14 48.3 [29.4; 67.5] 9.1% e —
Al-Dubaib et al., 2008 2610 29 1.1 [07; 18] 9.4%
Alhebabi and Alluwaimi, 2010 34 17 50.0 [32.4; 67.6] 9.1% ——
Elschaby et al., 2021 343 93 271 [22.5; 321] 9.4% -
Hassan et al., 2022 87 14 16.1 [9.1; 25.5] 92% —=—
Salem et al., 2019 14 8 57.1 [28.9; 82.3] 8.6% I —

——=ee———
Al Hajri et al., 2007 33 8 242 [11.1; 423] 9.0% —
Alharbi et al., 2012 ] 5 83.3 [35.9; 99.6] 6.7% —_———
Alhebabi and Alluwaimi, 2010 276 80 29.0 [23.7; 34.7] 9.4% -
El-Sabagh et al., 2017 50 30 60.0 [45.2; 73.6] 9.2% —=—
Hereba et al., 2015 8 8 100.0 [63.1; 100.0] 5.4% EE—
Salem et al., 2019 16 0 0.0 [0.0; 208] 55%F——
——

Random effects model 3506 32.6 [14.9; 57.1] 100.0% —————
Heterogeneity: 1% = 97%, ©* = 2.8232, p < 0.01 ' ‘ ' ' ‘ !
Test for subgroup differences: x? =0.95,df=1(p =0.33) 0 20 40 60 80 100

Prevalence (%)

Supplementary Figure 13: Individual animal-level estimated pooled pathogen prevalence of paratuberculosis based on
ruminant age.



