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Abstract

This study is aimed to estimate the pooled prevalence of Toxoplasma gondii
infection in domestic animals in Sudan. This search included all published
and unpublished studies written in Arabic and English before May 25, 2021.
Databases namely Scopus, Web of Science, PubMed, MEDLINE, direct Google
search, Google Scholar, world cat log, OpenGrey, OATD, and universities web-
sites were used to retrieve published articles. Out of 650 screened studies,
27 articles with a total of 9926 animals were eligible for this meta-analysis.
Data synthesis and statistical analysis were conducted by STATA software ver-
sion 16. The pooled prevalence of overall T. gondii infections in the domes-
tic animals, males, and females in Sudan was 38% (with Cl 32%-45%), 36%

(C125%-46%), and 38% (Cl 28%-47%), respectively. Of these, the chicken had
the highest prevalence of 80%, followed by sheep of 45%, goat of 41%, camel
of 40%, cattle of 31%, horse of 31%, stray cats of 30%, and donkeys with the
lowest prevalence of 16%. In this study, the reported pooled prevalence of
T. gondii infections in Sudan was higher compared with other countries. The
interpretation of these findings should take into consideration the presence
of substantial heterogeneity between the included studies.

Keywords: Domestic animals, meta-analysis, prevalence, Sudan, Toxoplasma
gondii

Introduction

Toxoplasma gondii (T. gondii) is an obligate intracellular parasite, that
causes a worldwide zoonotic disease called toxoplasmosis (Dubey,
2010). This protozoan parasite infects almost all species of warm-
blooded animals despite the only known definitive host of the para-
site being the domestic cats (Dubey, 2010; Hill et al., 2005). Humans
mainly become infected following the ingestion of undercooked
meat from domestic animals harboring tissue cyst or by accidental
ingestion of contaminated food, water, or soil with infected cat’s
feces (Aguirre et al., 2019; Dabritz & Conrad, 2010; Dubey, 2016; Hill
et al.,, 2005).

Worldwide, the average prevalence of T. gondii in humans and ani-
mals is 30% and 35.5%, respectively; hence, the disease is consid-
ered a major public health concern in many countries around the
globe (Foroutan-Rad et al., 2016; Gebremedhin & Tadesse, 2015;
Tonouhewa et al,, 2017). Interestingly, most infected animals do
not show any clinical signs (Asymptomatic form). However, the
infection is accompanied by clinical signs including neonatal
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death, mummification, and reproductive failure when the immune
response of the host cannot stop the spread of the parasite
(Symptomatic form) (Dubey, 2010; Hill et al., 2005). Studies found
that the symptomatic form of T. gondii infection is associated with
huge economic loss. For example, Uruguay alone recorded a 1.4-
4.68 million US $ loss related to sheep abortions in 1 year (Aguirre
et al,, 2019; Dubey, 2016; Freyre et al., 1999; Stelzer et al., 2019).
Economic loss resulting from this infection will likely have a huge
implication in Sudan whose economy relies mainly on livestock rev-
enues (Babiker et al., 2011).

Usually, the detection of the parasite in both asymptomatic and
symptomatic animals has been done using one of the following
tests: enzyme-linked immunosorbent assay (ELISA), latex aggluti-
nation test (LAT), indirect hemagglutination assay (IHA), McMaster
method, and polymerase chain reaction (PCR). Of all these tests, PCR
is considered to be the most accurate test. All these tests have high
sensitivity and specificity indexes; hence, they can reveal the load
and also the type of parasite (Bahnass et al., 2015; Mohammed, et al.,
2021; Tonkal, 2008; Tonkin, 2020).
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In Sudan, studies showed that food-borne diseases such as toxoplas-
mosis are very common; this may be due to some unique feeding
habits in Sudan like the consumption of raw meat such as camel
liver and sheep offal “Elmaraara” (Abdelnabi et al., 2016; FAO & WHO,
2013). Therefore, the risk of occurrence of toxoplasmosis as a zoo-
notic disease in Sudan had rapidly increased. Different studies on the
prevalence of T. gondii infection in animals in Sudan showed different
results with a widely varied prevalence from 0.6% in some animals to
67% in other animals (Elamin et al., 1992; Hind & Hayfa, 2017). Based
on that there is a need to critically appraise the available literature
to make a pool estimation of the prevalence of T. gondii infections
in animals in Sudan as this will be helpful to provide the necessary
information that can assist decision-makers in toxoplasmosis treat-
ment, control, and eradication programs. Thus, this study is aimed
to estimate the pooled prevalence of T. gondii infections among ani-
mals in Sudan.

Methods

Eligibility Criteria

(1) All cross-sectional studies; (2) studies done on Sudanese domes-
tic animals; (3) those published in Arabic or English; (4) those that
reported the prevalence of T. gondii; (5), and studies in which posi-
tive cases of T. gondii were detected in naturally infected animals
using the standard diagnostics methods (serological and coprology)
were eligible for this study. Moreover, studies were not eligible for
this study (1) if they were reviews, letters, editorials, and human stud-
ies and (2) if the full text was not available and had been requested
from the author(s) through email but no feedback was received after
2 weeks.

Information Sources

The current comprehensive study was conducted according to the
guideline of Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) (Page et al, 2021), and the relevant infor-
mation was retrieved from the following databases: Scopus, Web of
Science, PubMed, MEDLINE, direct Google search, Google Scholar,
world cat log, OpenGrey, OATD, and universities websites. All those
databases were searched from their inception to May 25, 2021, for
animal studies published in English and/or Arabic.

Search Strategy

The Boolean search terms (AND, OR, NOT) were used to develop
the research strategy. The final search strategy included the use of
title/abstract related to ((Toxoplasma) AND ((prevalence) OR (epi-
demiology) OR (frequency)) AND ((cats) OR (cattle) OR (sheep) OR
(goats) OR (camels) OR (donkeys) OR (horses) OR (pigs) OR (dogs)
OR (rabbits) OR (chicken)) AND Sudan) taken from the study ques-
tions. Non-electronic sources were used combined with direct
Google search, Google Scholar, world cat log, OpenGrey, OATD,
and university websites. In addition, a manual search was done by
the investigators for the gray literature and unpublished thesis/
papers.

Selection Process
Firstly, all retrieved articles were exported to the EndNote X9 citation
manager to check for duplication, and then the duplicated articles

were excluded from the study. Screening and evaluations of the
remaining studies by a careful reading of the title and abstract were
done independently by two authors (AAA and MA). Each study that
mentioned the outcomes of the review (prevalence of the animal
toxoplasmosis/Sudan) in their titles and abstracts was considered
for further evaluation based on the objectives, methods, and key
findings. The quality of the relevant studies against the checklist of
Joanna Briggs Institute quality assessment tools was evaluated by
AAA and MA independently. Any discrepancy in the study findings
was resolved by discussion between the two authors (AAA and MA)
or by asking a third reviewer if consensus could not be reached. The
selection process of the studies is presented using the PRISMA state-
ment flow diagram (Figure 1).

Data Collection Process

Following the selection process of all appropriate articles for this
systematic review and meta-analysis study, the relevant data were
extracted using a Microsoft Word 2016 data extraction template by
two authors (AAA and MA) independently.

The investigators contacted the authors of any study that did not
report the aforementioned data (via email) to obtain the original
data, and if after 2 weeks the missing data were still not obtained,
a sensitivity analysis was carried out to check the impact of the
missing data on the result and then to decide whether to seek
to further information or not. The extraction template contains
author/s name, study year, method of detecting the parasite,
location of the study, the host animal, sample size, and the preva-
lence of T. gondii in overall males and females (Table 1). The data
extraction accuracy was verified by comparing the data extraction
results from the two investigators (AAA and MA) who indepen-
dently extracted the data in a randomly selected subset of papers
(30% of the total).

Data Items

The main outcome of this study was the prevalence of domestic
animal toxoplasmosis in Sudan, and it was measured by the direct
report from the individual studies. To quantify the outcome, the
investigators considered studies that reported the prevalence of
toxoplasmosis in their statistics. The result was interpreted by the
proportions of the animal population which had a positive result for
T. gondii from the total animal population studied.

Study Risk of Bias Assessment

Inclusion criteria were appraised for all retrieved articles by using
their title and abstract first, and then, a full text was screened to
check the quality of each study before the final selection. The follow-
ing were the quality assessment criteria for the studies in the current
review: (1) the diagnosis of T. gondii was done after performing the
appropriate diagnostic tests (serological or coprology), and (2) the
sample was representative of the population.

To minimize the risk of bias, two strategies were followed:
(1) a comprehensive search for all electronic and non-electronic
databases and (2) a critical appraisal tool (Joanna Briggs Institute
Quality Assessment Tool) was used by two investigators (AAA and
MA) independently to critically appraise the included studies, and
studies with a score > 60% were included.
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Figure 1.
Flow Diagram of the Studies Included in the Meta-Analysis.

Effect Measures

In light of the study objectives, the proportion of animal toxo-
plasmosis was used to synthesize and present the results for the
analysis.

Synthesis Methods

Statistical software for data science (STATA) software version 16 was
used to synthesize and analyze the meta-analysis data. The recom-
mendation of the P statistics (an /> of 75/100% and above suggest-
ing considerable heterogeneity) as described by Higgins et al. (2003)
was used to perform this meta-analysis. The effect size, with a 95% Cl
and standard error (SE), was used to calculate the result of this study.
The effect size of this study was the prevalence of T. gondii (propor-
tion), and it was calculated using the binomial distribution, while the
SE, was calculated using the sample size (n) and the proportion of T.
gondii (p) and applied it one SE formula:=sqrt [p (1—p)/n).

The potential publication bias was checked using a funnel plot and
Egger’s regression test, and it was assumed to be significant if the

(n=27)
l
W Studies included in
= quantitative synthesis
e (meta-analysis)
(n=27)
~—

p-values were less than .10. Sensitivity analysis was applied to check
the potential source of heterogeneity and possible source of bias.
The studies were excluded from the final review if (1) the study has
missing data, and (2) if it has a high risk of bias (studies with a score
less than 60%). The study results were reported according to the
PRISMA guidelines, and the findings of the included studies were
first presented using a narrative synthesis and followed by a meta-
analysis chart.

Results

Study Selection

As shown in Figure 1, a total of 650 articles were identified through
the major electronic and non-electronic databases and other rele-
vant sources. A total of 106 articles were removed due to duplication
while 544 studies were kept for further critical screening. From these
studies, 501 were excluded after they went through a very careful
screening according to their titles and abstracts. From the remain-
ing 43 articles, 16 of them were excluded due to inconsistency
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Table 1.
Main Characteristics of Studies Included in the Meta-Analysis

No
1.

10.

12.
13.
14.
15.

18.
19.

20.
21.

22.
23.
24,

Authors
Zain Eldin et al. (1985)

Abbas et al. (1987)
Elamin et al. (1992)

Ishag (2003)

Khalil et al (2007)

Siddig (2009)
Khalil & Elrayah (2011)

Ali (2012)

El Bashier et al. (2012)
Elfahal et al. (2013)
Ahmed et al. (2013)

Elmubarak & Saad (2014)
Ibrahim et al. (2014)
Ishag et al. (2014b)

Ishag et al. (2014a)

Medani & Kamil (2014)

Ibrahim et al. (2015)

Abbas (2016)
Atail et al. (2017)

Hind & Hayfa (2017)
Hussien et al. (2017)

Jiomaa et al. (2017)
Damour (2018)
Lazim et al. (2018)

Method
IHA

LAT
LAT

LAT

LAT

IMMM
LAT

**ELISA, LAT

LAT
ELISA
LAT

LAT
ELISA
ELISA
LAT

ELISA

ELISA

LAT
ELISA, LAT

ELISA
LAT

ELISA, LAT
ELISA+LAT
LAT

Location

Kordofan and central
regions

Gezira

Khartoum

*AL-Butana plain and
North
Kordofan

AL-Butana plain, North
Kordofan, and South
Kordofan

Red sea

Khartoum

Khartoum

Gezira
Khartoum and Gezira

Khartoum

Khartoum
Khartoum
Khartoum

River Nile, Gadarif, Sennar,
Blue Nile, and Kordofan

Khartoum

Khartoum

Khartoum
Gadarif

Khartoum

River Nile, Khartoum, and
Sennar

Gadarif
Gadarif

River Nile

Host
Camel
Cattle
Sheep
Goat
Camel

Camel

Camel

Camel

Cat
Camel
Cattle
Sheep
Cattle
Sheep
Camel
Cattle
Horse
Donkey
Cat
Cattle
Horse

Camel

Cattle
Sheep
Cattle
Camel
Sheep
Goat
Goat
Sheep
Goat
Chicken
Chicken

Camel
Cattle
Cattle
Sheep
Goat

219

Overall
204
175
576
134

95
482

588

153

100
70
50
80

200

200

100

181

100

105
50

744

405

278

235
305
1216
61
100
100
100
200
200
336

300
300
96
34
61

Sample Size

Male
NR
NR
NR
NR
55

244

238

NR

NR
NR
NR
NR
NR
NR
16
13
NR
NR
17
NR
272
NR

NR
NR

NR
NR
NR
17
108
108

NR

161
122
NR
NR
NR

Female
NR
NR
NR
NR
40

238

346

NR

NR
NR
NR
NR
NR
NR
84

168
NR
NR
33

NR
133
NR

139
178
NR
NR
NR

Overall
54
40
34
63
12
67

61.7

22.2

34
20
32
57.5
18

44
448
38
276
24
49.9
6.3
56.5

11.9
409
409
54.1
75
64
29
57.5
465
0.59
100

49.7
413
6.2
26.5
27.9

Prevalence%

Male
NR
NR
NR
NR

7
29.1

60

NR

NR
NR
NR
NR
NR
NR
374
30.8
NR
NR
235
NR
6.3
61.4

NR
NR
NR
NR
NR
NR
294
49.5
49.5

NR

47.7
40.7
NR
NR
NR

Female
NR
NR
NR
NR
18

22.7

63

NR

NR
NR
NR
NR
NR
NR
45.2
11.9
NR
NR
24.2
NR
6.2
52.8

NR
NR
NR
NR
NR
NR
28.4
54.9
54.9
0.61
NR

523
59.35
NR
NR
NR
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25.  Abdelbaset et al. (2020) LAT West Kordofan and Blue

Nile

26.  Said (2020) LAT Khartoum

27.  Mohammed et al. (2021) LAT *AL-Butana plain

Camel 45 NR NR 13.3 NR NR
Cattle 75 NR NR 44 NR NR
Sheep 36 NR NR 61 NR NR
Goat 136 NR NR 15.4 NR NR
Donkey 100 NR NR 6 NR NR
Cattel 162 55 107 14.8 7.3 18.7
Camel 600 109 491 30 27.5 30.5

Note: NR=not reported; ELISA=enzyme-linked immunosorbent assay; LAT=Ilatex agglutination test; IMMM=improved modified McMaster method;

IHA =indirect hemagglutination assay.

*AL-Butana plain included five states (Gadarif state, Gezira state, Kassala state, River Nile state, and Khartoum state); **ELISA and LAT were used for human

population the LAT was used for animals.

with the study inclusion criteria. Finally, 27 studies that fulfilled the
eligibility criteria, involving 9926 animals, were included for the
systematic review and meta-analysis. To calculate the pooled prev-
alence of toxoplasmosis, any individual study from the 27 studies
that reported the prevalence of toxoplasmosis for more than one
animal species was divided and dealt with any prevalence individu-
ally which gave us in the end 45 studies derived from the original
27 studies.

Study Characteristics

Twenty-seven studies were included in the quantitative analysis
(21 were peer-reviewed studies and the remaining 6 were uni-
versity theses). The overall prevalence of T. gondii in the domes-
tic animals in Sudan was reported in all included studies, and the
association between the animal gender and T. gondii prevalence
was reported in 16 studies. Meanwhile, the prevalence of T. gondii
in camels, cattle, sheep, goats, horses, donkeys, chickens, and cats
was reported in 12, 11, 8, 6, 2, 2, 2, and 2 studies, respectively. All
included studies were cross-sectional studies. The most frequent
study areas in the included studies were Khartoum state (13), fol-
lowed by Kordofan states (5), Gezira state and Gadarif state (4), then
Al-Butana plain (3) and River Nile (2), and lastly, Sennar state, red
sea state, and the Blue Nile state by just one study. Of all available
diagnostic tests for T. gondii parasite, only four were mentioned in
the included studies: (1) latex agglutination test (LAT) 19 times (2)
enzyme-linked immunosorbent assay test 10 times, (3) the indirect
hemagglutination assay test 1 time, and (4) the improved modified
McMaster method test. Table 1 showed the detailed characteristics
of all included studies.

Results of Synthesis

The results of this meta-analytical study showed that the included
studies had a pooled sample size of 9926 animals. Among these
studies, the heterogeneity was high with a p-value < .00001, and /?
of 99.09%. Therefore, the random effect model was applied for the
analysis, and finally, the pooled proportion of T. gondii in Sudanese
domestic animals was 38% with a Cl of 32%-45% (Figure 2). The
pooled prevalence of T. gondii in male and female domestic animals
in Sudan from 16 studies was 36% (with Cl 25%-46%) (Figure 3) and
38% (with Cl 28%-47%) (Figure 4), respectively. Also, the random
effect model was applied in this analysis because the heterogene-
ity was substantially high with p-value < .00001 and ? 98.1% and
p-value < .00001 and > 97.09%, for males and females, respectively.
The risk of publication bias in the included studies is presented in
funnel plots (Figure 5).

The Pooled Prevalence of T. gondii Infection in Different Animal
Species in Sudan

The pooled prevalence of T. gondii in different domestic animals
in Sudan is shown in Table 2. From all animal species included in
this study, the highest pooled prevalence of T. gondii was found in
chickens, and the lowest pooled prevalence of T. gondii was found
in donkeys.

Discussion

T. gondii is a zoonotic disease, and it has a huge negative impact on
the health and economic sectors, especially in endemic and devel-
oping countries including Sudan. Studies showed that many ani-
mal species were examined for the presence of T. gondii in Sudan
to understand the epidemiology of the disease nationally; despite
that there is a lack of published data on the status of T. gondii infec-
tions in stray cats, horses, donkeys, chickens, dogs, rabbits, and other
domestic birds in Sudan.

In the current comprehensive study, the overall prevalence of
T. gondii infection in Sudan was relatively higher (38%) compared
with reports in Ethiopia (35.5%), Algeria (25.46%), Nigeria (20.70%),
and China (23.7%) (Dong et al., 2018; Gebremedhin & Tadesse,
2015; Karshima et al., 2020; Ouchetati et al., 2020). In Sudan, animal
gender is one of the most reported risk factors related to T. gondii
infections in domestic animals. In consistence with the above, this
present study observed a higher prevalence of T. gondii infections in
females compared with males. A similar trend was observed in find-
ings from Ethiopia, Algeria, and Nigeria (Gebremedhin & Tadesse,
2015; Karshima et al., 2020; Ouchetati et al., 2020). However, in con-
trast with the previous results, camel and horse males had a higher
prevalence of T. gondii infections compared with females. This differ-
ence in the results may be due to the difference in the study popula-
tion (production systems, herd size, and animals age), the climate
of the study area, absence of routine treatment for definitive hosts;
sample size, sampling procedure, and diagnostics method (Table 2)
(Bahnass et al., 2015; Dubey et al., 1995; El Bissati et al., 2018; Stelzer
etal, 2019).

Findings from this present study showed that meat animals
including chicken, sheep, goat, camel, and cattle had a high
prevalence of T. gondii infection compared with other domestic
animals in Sudan (Horses, donkey, and cats). This may indicate
that the main source of human T. gondii infections in Sudan is
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Prevalence Weight

Study with 95% Cl (%)
Zain Eldin et al [1985] - 0.54[ 0.47, 0.61] 2.24
Abbas et al [1987] B 0.12[ 0.05, 0.19] 2.25
Elamin et al [1992] B 0.67[ 0.63, 0.71] 2.28
Ishag [2003] B 0.62[ 0.58, 0.66] 2.28
Khalil et al [2007] B8 0.22[ 0.16, 0.29] 2.25
Khalil and Elrayah [2011] - 0.20[ 0.11, 0.29] 2.19
EL Basheir. et.al [2012] —m 0.44[ 0.34, 0.54] 2.18
Ishag et al [2014] W 0.56[ 0.51, 0.62] 2.26
Ibrahim et al [2015] —— 0.54[ 0.42, 0.67] 2.11
Jiomaa. et al [2017] E 3 0.50[ 0.44, 0.55] 2.26
Abdelbaset. et al [2020] —— 0.13[ 0.03, 0.23] 2.18
Mohammed et al [2021] ] 0.30[ 0.26, 0.34] 2.29
Zain Eldin et al [1985] - 0.40[ 0.33, 0.47] 2.23
Khalil and Elrayah [2011] —— 0.32[ 0.19, 0.45] 2.10
Ali [2012] : 3 0.18[ 0.13, 0.23] 2.27
Elfahal et al [2013] E B 0.45[ 0.38, 0.52] 2.24
Ibrahim et al [2014] [ ] 0.50[ 0.46, 0.53] 2.29
Medani and Kamil [2014] B 0.12[ 0.08, 0.16] 2.28
Ibrahim et al [2015] [ | 0.41[ 0.38, 0.44] 2.29
Damour [2018] 1T 0.41[ 0.36, 0.47] 2.26
Lazim., et al [2018] . 3 0.06[ 0.01, 0.11] 2.27
Abdelbaset. et al [2020] — 0.44[ 0.33, 0.55] 2.14
Said [2020] E 3 0.15[ 0.09, 0.20] 2.26
Zain Eldin et al [1985] | | 0.34[ 0.30, 0.38] 2.28
Khalil and Elrayah [2011] —1— 0.57[ 0.47, 0.68] 2.15
Ali [2012] ] 0.11[ 0.07, 0.15] 2.28
Medani and Kamil [2014] E 3 0.41[ 0.35, 0.46] 2.26
Ibrahim et al [2015] - 0.75[ 0.67, 0.83] 2.21
Atail et al. [2017] S B 0.57[ 0.51, 0.64] 2.24
Lazim., et al [2018] —— 0.27[ 0.12, 0.41] 2.04
Abdelbaset. et al [2020] —— 0.61[ 0.45, 0.77] 2.00
Zain Eldin et al [1985] E B 0.63[ 0.55, 0.71] 2.22
Ibrahim et al [2015] —- 0.64[ 0.55, 0.73] 2.19
Abbas [2016] - 0.29[ 0.20, 0.38] 2.20
Atail et al. [2017] - 0.47[ 0.40, 0.53] 2.24
Lazim., et al [2018] —— 0.28[ 0.17, 0.39] 2.14
Abdelbaset. et al [2020] =N 0.15[ 0.09, 0.21] 2.26
Ahmed et al [2013] - 0.38[ 0.28, 0.48] 2.19
Ishag et al [2014] [ | 0.06 [ 0.04, 0.09] 2.30
Ahmed et al [2013] - 0.28[ 0.19, 0.36] 2.21
Abdelbaset. et al [2020] 0.06 [ 0.01, 0.11] 2.28
Siddig [2009] - 0.34[ 0.25, 0.43] 2.19
Elmubarak and Saad [2014] . 0.24[ 0.12, 0.36] 2.13
Hind and Hyfa [2017] B 0.59[ 0.54, 0.64] 2.27
Hussien et al [2017] B.00[ 1.00, 1.00] 2.31
Overall X 2 0.38[ 0.32, 0.45]

Heterogeneity: t° = 0.04, I = 99.09%, H* = 110.24
Test of 6, = 6;: Q(44) = 26980.01, p = 0.00
Testof 6=0:z=12.11, p=0.00

Random-effects REML model
Figure 2.

Forest Plot (Random-Effects Model) for the Pooled Prevalence of Toxoplasma gondii in Domestic Animals in Sudan.
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Prevalence Weight

Study with 95% CI (%)
Abbas et al [1987] —ll—071[ 057, 085] 6.27
Elamin et al [1992] —— 0.29[ 0.19, 0.40] 6.61
Ishag [2003] —- 0.60[ 0.52, 0.68] 6.79
EL Basheir. et.al [2012] L 0.38[ -0.01, 0.76] 3.70
Ishag et al [2014] —— 0.62[ 0.51, 0.72] 6.62
Jiomaa. et al [2017] —— 0.48[ 0.37, 0.59] 6.56
Mohammed et al [2021] —m— 0.28[ 0.12, 0.43] 6.11
Elfahal et al [2013] —— 0.31[ 0.06, 0.56] 5.1
Damour [2018] —— 0.41[ 0.32, 0.50] 6.74
Said [2020] - 0.07[ 0.00, 0.14] 6.86
Atail et al. [2017] o 0.49[ 0.40, 0.59] 6.69
Abbas [2016] —— 0.29[ 0.08, 0.51] 5.50
Atail et al. [2017] —— 0.49[ 0.40, 0.59] 6.69
Ishag et al [2014] [ | 0.06[ 0.03, 0.09] 7.02
Elmubarak and Saad [2014] —— 0.23[ 0.03, 0.44] 5.66
Hind and Hyfa [2017] [ | 0.00[ -0.00, 0.00] 7.05
Overall - 0.36 [ 0.25, 0.46]

Heterogeneity: ©° = 0.04, I” = 98.10%, H® = 52.74
Test of 6 = 6;: Q(15) = 895.20, p = 0.00
Testof 6 =0:z=6.45, p =0.00

Random-effects REML model

Figure 3.
Forest Plot (Random-Effects Model) for the Pooled Prevalence of Toxoplasma gondii in Male Domestic Animals in Sudan.

Prevalence Weight

Study with 95% ClI (%)
Abbas et al [1987] —— 0.18[ 0.06, 0.30] 5.96
Elamin et al [1992] e 0.23[ 0.17, 0.28] 6.43
Ishag [2003] —l-063[ 0.58, 0.68] 6.44
EL Basheir. et.al [2012] —— 0.45[ 0.35, 0.56] 6.07
Ishag et al [2014] —Jl— 0.53[ 0.45, 0.61] 6.26
Jiomaa. et al [2017] —Jl— 052[ 0.44, 061] 6.26
Mohammed et al [2021] E B 0.30[ 0.26, 0.35] 6.48
Elfahal et al [2013] -0 0.12[ 0.07, 0.17] 6.45
Damour [2018] —Jl— 059[ 0.52, 067] 6.33
Said [2020] — 0.19[ 0.11, 0.26] 6.32
Atail et al. [2017] —l— 055[ 045, 065] 6.11
Abbas [2016] —— 0.28[ 0.19, 0.38] 6.15
Atail et al. [2017] —l— 055[ 045, 0.65] 6.11
Ishag et al [2014] = 3 0.06[ 0.02, 0.10] 6.48
Elmubarak and Saad [2014] —— 0.24[ 0.10, 0.39] 5.70
Hind and Hyfa [2017] —ll- 061[ 0.56, 0.66] 6.43
Overall e 0.38[ 0.28, 0.47]

Heterogeneity: t° = 0.04, I = 97.09%, H? = 34.31
Test of 6, = 6 Q(15) = 650.00, p = 0.00
Testof 6 =0:z=7.66, p=0.00

Random-effects REML model

Figure 4.
Forest Plot (Random-Effects Model) for the Pooled Prevalence of Toxoplasma gondii in Female Domestic Animals in Sudan.
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Figure 5.

Funnel Plot for Assessing Publication Bias in the Pooled Prevalence
of Toxoplasma gondii in Domestic Animals in Sudan.

derived from undercooked meat. The free-range chickens have
the highest prevalence of T. gondii compared with other meat
animals. A similar result was found in China (Dong et al.,, 2018),

Table 2.

Algeria (Ouchetati et al., 2020), and Africa (Tonouhewa et al.,
2017). However, in the United States, chickens have the second
highest prevalence of T. gondii after goats (Guo et al., 2016). This
high prevalence of T. gondii in chickens may be due to the feed-
ing behaviors of the free-range chicken (Dal Bosco et al., 2014).
After chicken, sheep were found to be the second most infected
animals followed by the goat, camel, and cattle. Similar results
were found in Ethiopia and Iran (Gebremedhin & Tadesse, 2015;
Sharif et al., 2015). Meanwhile, in Algeria and China, goats had
the highest prevalence of T. gondii followed by sheep and then
cattle (Dong et al., 2018; Ouchetati et al., 2020) while the cattle
and camel had the highest prevalence of T. gondii in Nigeria and
Africa, respectively (Karshima et al., 2020; Tonouhewa et al., 2017).
The difference in the prevalence of T. gondii among animals may
be due to animals’ feeding behaviors and husbandry methods
(Dias e Silva & Abdalla Filho 2020). Although cats are definitive
hosts of T. gondii, the prevalence of T. gondii in cats is 30% and this
is relatively low compared to the prevalence of T. gondii observed
in some other animals. Almost similar results were reported in
Nigeria (29.58%) and Iran (33.6%) (Karshima et al., 2020; Rahimi
et al., 2015). In contrast, a higher prevalence of T. gondii in cats
was found in Algeria (70.31%), Ethiopia (87.72%), and Africa (51%)
(Gebremedhin & Tadesse, 2015; Montazeri et al., 2020; Ouchetati
et al., 2020). Meanwhile, a lower prevalence (20.3%) was found in
China (Ding et al., 2017).

Summary Table of the Data from Included Studies Showing the Pooled Prevalence of Toxoplasma Gondii Infection in Different Animal Species in Sudan Using the

Random Effect Model

Animal Species Number of Studies

Pooled Sample Size

Pooled Prevalence

% (95% Cl) Heterogeneity (I* %, p-value)

Camel Overall 12 2976
Male 7 961
Female 7 1478
Cattle Overall 11 3434
Male 3 190
Female 3 453
Sheep Overall 8 1531
Male 1 108
Female 1 92
Goat Overall 6 731
Male 2 125
Female 2 175
Horse Overall 2 505
Male 1 272
Female 1 133
Donkey Overall 2 205
Cat Overall 2 150
Male 1 17
Female 1 33
Chicken Overall 2 394
Male 1 7
Female 1 329

40 (29-52)
49 (36-62)
41 (28-53)
31 (22-40)
26 (4-47)
30 (1-59)
45 (30-60)
50 (40-60)
55 (45-66)
41 (25-57)
42 (23-61)
42 (16-68)
32(20.24-43.79)

97.6,p < .001
86.77, p < .001
96.09, p < .001
97.27,p < .001
91.79, p < .001
98.36, p < .001
97.41,p < 001

95.78, p <.001

6.3 (3.6-9.8) -
6.2 (2.6-11.5) -
16 (5-38) -
30(20-39) -
24 (6.8-50) -
24 (11-42) -
80 (39-100) -
0 -

61 (55.6-66.4) -
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This present study observed lowest prevalence of T. gondii in horses
and donkeys among all domestic animals in Sudan. This report is
in agreement with findings in Algeria and Nigeria (Karshima et al.,
2020; Ouchetati et al., 2020).

Despite the seriousness of T. gondii infection in Sudan as presented
in this study, no data is available about the economic impact of the
disease on the livestock sector and public health sector in the coun-
try; thus, a work needs to be done to cover the gap in this area. In
addition, a collaborative effort and immediate action need to be
taken from the policymakers and governments (federal and state
government) to adopt a national wide epidemiological program to
clarify the design of regional strategies and to guide the develop-
ment of prevention and eradication programs in light of one health
concept. Finally, with the help of the authorities, molecular diagnos-
tic tools need to be adopted, particularly in public laboratories, to
better understand and diagnose the disease (Li et al., 2020).

This is the first comprehensive quantitative meta-analysis summa-
rizing available evidence to determine the pooled prevalence of T.
gondii infections in animals in Sudan.

Strengths and Limitations

This study used extensive and comprehensive search strategies and
included published, unpublished, and gray literature. The study also
used a standardized tool to evaluate the methodological quality
of the studies. Studies with abstracts were the only ones included.
However, the limitations of the current study can be listed as the fol-
lowing: the absence of some data about the animal ages, breeds, and
other potential risk factors in some studies, together with the rela-
tively small sample size of some studies; the small number of studies
for some species such as horses, donkeys, and chickens; and the use of
different diagnostic tests in various studies. Thus, all the above-men-
tioned limitations may raise questions about their representativeness.

The results of this meta-analysis suggested that the pooled preva-
lence of T. gondii infections in Sudanese domestic animals is 38%,
and the females were more susceptible to infection compared to
males. The highest and lowest pooled prevalence of T. gondii was
found in chickens and donkeys, respectively. The interpretation of
these findings should take into consideration the presence of sub-
stantial heterogeneity among the included studies. Further studies
need to be carried out to clarify the role of dogs and domestic birds
in the epidemiology of the disease in Sudan.

Availability of Data, Code, and Other Materials

The data that support the review findings of this study are avail-
able upon submitting a reasonable request from the corresponding
author.
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