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Abstract
This cross-sectional study aimed to estimate the seroprevalence of Toxoplasma gondii infection among camels in Kassala State, Eastern Sudan, and to evaluate the diagnostic agreement between the latex agglutination test (LAT) and indirect enzyme-linked immunosorbent assay (iELISA). A total of 322 camel serum samples were collected from different localities in Kassala State (Eastern, Western, Northern, and Southern Kassala ) and initially screened using LAT, after which LAT-positive samples were subjected to confirmatory testing by iELISA. The association between seropositivity and selected risk factors, including age, sex, breeds, migration history, owner awareness and geographical variations, was  statistically  assessed.	Comment by Maher: Why not all the samples?
LAT screening identified 129 seropositive camels, corresponding to an apparent   seroprevalence of 49.7%. Sex-specific analysis revealed seropositivity rates of 36.0% in males (89/247) and 53.3% in females (40/75), with females exhibiting a significantly higher odds of infection (P = 0.007). Confirmatory testing using iELISA detected T. gondii antibodies in 37 camels, representing 20.3% of the LAT-positive samples and an overall confirmed seroprevalence of 11.5%.	Comment by Maher: 40%	Comment by Maher: 37\129 = 26.7%
The results demonstrate substantial exposure of camels to T. gondii in Kassala State, indicating endemic transmission within the study area. The marked discrepancy between LAT and iELISA outcomes underscores the necessity of confirmatory serological assays to improve diagnostic accuracy in epidemiological surveillance. These findings highlight the potential role of camels as reservoirs of zoonotic toxoplasmosis and emphasize the need for integrated control strategies within a One Health framework.
Key words: ?????????????? 
Introduction
   Sudan is the second largest camel populated country in the world, with a camel population over 3.3 million camels owned by pastoralists (FAO, 2015). In Sudan, Camels belt extends between latitudes 12–16 N (Eisa and Mustafa, 2011). Beside camel's products (e.g. milk and meat), camels play a central role in the livelihood of pastoralists by determining the owners' wealth and social status (FAO, 2002). However, camels suffer from various common parasitic diseases that have public health and economic importance including toxoplasmosis (Parsani et al.,2008 ; Tabassam et al.,2019 ; Alireza et al.,2019). 	Comment by Maher: Archaic reference
  Toxoplasmosis is a wide spread zoonotic parasitic disease worldwide (Zemene et al., 2012; Gebremedhin et al., 2013; Walleet ,2013 ;Utuk et al., 2012 ; Dehkordi et al .,2013) .	Comment by Maher: One reference enough
Toxoplasma gondii (T.gondii) is an obligate intracellular protozoan parasite responsible for toxoplasmosis, a globally distributed zoonotic disease (Dubey, 2010) This parasite is capable of infecting nearly all warm-blooded animals; however, domestic cats and other felids serve as the only known definitive hosts in which sexual reproduction occurs (Dubey, 2010; Hill et al., 2005). Humans typically acquire infection through consumption of undercooked meat containing tissue cysts or via accidental ingestion of food, water, or soil contaminated with oocysts shed in the feces of infected felids (Aguirre et al., 2019; Dabritz and Conrad, 2010; Dubey, 2016; Hill et al., 2005).	Comment by Maher: Delete 	Comment by Maher: One reference
Infected animals may exhibit calcification of the heart, obscured vision, and difficulty in walking in addition to its implication in increasing the susceptibility of the intermediate hosts to predation. Furthermore, its ability to maintain a benign coexistence with its host, high infection rate with its worldwide distribution and hence, causes considerable economic losses to animals 'industry. Therefore, all such features allowed it to be widely regarded as one of the most successful parasites on earth (Tonouhewa et al., 2017) 	Comment by Maher: ??????????	Comment by Maher: You mean rats and mice 
Moreover, camels could acquire T. gondii infection through ingestion or inhalation of sporulated oocysts shed by cats or wild felids. However ,humans, particularly in pastoral and rural communities, could become infected via drinking raw, unpasteurized milk (Dehkordi et al., 2013) ingesting raw or undercooked meat (Hilali et al., 1995; Muksin et al., 2011) and by passage of tachyzoites through the placenta to the fetus (Petersen et al.,2007). With regard to the Clinical manifestations in infected humans with the organism, they varied from congenital infection and abortion to fetal encephalitis and eye disease (Kula and Adem, 2016),	Comment by Maher: This no human article  	Comment by Maher: .
 
Study Objectives
Estimating sero- prevalence of Toxoplasmosis in camels in Kassala State in Eestern Sudan.
Material and Methods Study Area	Comment by Maher: Add photo
This study was carried  out in Kassala State, which is located in east- central part of Sudan, positioned between latitudes 14.45° and 17.15° north and longitudes 34. 40° and 37° East, bordering Eritrea and Ethiopia to the east. It also shares borders with Gadarif State to the south, River Nile State to the northwest, and Red Sea State to the north. 
Sample Collection	Comment by Maher: Add period, age rate and clade.
Three hundred and twenty tow blood samples from different regions of Kassala State, including 73, 110, 82, and 57 camels from Eastern, Western, Northern, and Southern Kassala, respectively, were collected by jugular vein puncture in sterile tubes without anti-coagulant and labeled samples were kept at    -20∘ C and stored for further analysis.
Laboratory Procedures Latex Agglutination Test	Comment by Maher: There are components not procedure.
The Toxo-latex agglutination test kit was obtained from the Spinreact, S.A./S.A.U.,Ctra, Santa Coloma, (GI), and Spain. The Toxo-latex agglutination test was carried  out as described by the manufacturer.	Comment by Maher: Brief 
Enzyme-Linked Immuno Sorbent Assay iELISA	Comment by Maher: procedure
The iELISA kit was obtained from the ID vet Innovative Diagnostics; rue Louis Pasteur, Grabeis, France. The kit components were  reconstituted as directed by the manufacturer. These included concentrated conjugate (10X), positive and negative control sera, dilution buffer 2 and 3, concentrated wash solution (20X), substrate solution, and stop solution (0.5 M). The test procedure was  carried out as per the manufacturer’s protocol. A positive/negative cut-off was calculated as S/P% of ≥  30%.
Statistical analysis
The collected data were  analyzed using the descriptive statistic of the Statistical Package for Social Sciences (SPSS) version 21.	Comment by Maher: what the parameters were analysed?
        Results
The samples were tested for the seroprevalence of toxoplasmosis using the Latex Agglutination Test (LAT) and Enzyme-Linked Immunosorbent Assay (ELISA).	Comment by Maher: All	Comment by Maher: Then ELISA for positive samples.
 Significant Risk Factors Associated With Camel Toxoplasmosis.
A sero-epidemiological assessment using the Latex Agglutination Test (LAT) was conducted on 322 camels to identify risk factors associated with Toxoplasma gondii infection. Of the sampled animals, 36. 0% (89/247) of males and 53.3% (40/75) of females were seropositive, with females showing significantly higher susceptibility (P = 0.007).	Comment by Maher: Add total infection.	Comment by Maher: T.	Comment by Maher: delete

Geographical variation in seroprevalence was observed across Kassala State. Infection rates were highest in Eastern Kassala (53.4%), followed by Northern (41.5%), Southern (40.4%), and Western Kassala (30.0%). The association between location and infection was statistically significant (P = 0.017).
Age also influenced susceptibility. Camels older than 8 years exhibited the highest prevalence (61.4%),compared with 37. 1% in animals <4 years and 35.9% in those aged 4–8 years. Age was a significant risk factor (P = 0.003).
Breed differences were notable: Arabi camels had the highest seroprevalence (62.5%),followed by Annafi (56.3%), Bushary (50%), and Rashayde (34.8%). Breed was significantly associated with infection, with Arabi camels being more susceptible (P = 0.002).
Migration history was also influential. Camels that migrated from Sudan to Ethiopia had a significantly higher infection rate (51.5%) compared with non-migrated animals  (34.7%) (P = 0.004). 
Owner awareness played a role in disease occurrence: sero prevalence was higher among camels owned by individuals unaware of cats’ role transmission   (44.0%)  than those whose owners were informed (25.7%)(P= 0.006).
Finally ,contact with wild felids was strongly associated with infection. Camels with reported exposure showed significantly higher seropositivity (48.4%) compared with non-exposed animals (28.0%) (P = 0.000).








Table (1): Significant Risk Factors Associated With Toxoplasma gondii Sero Positivity in Camels Using  Latex Agglutination Test (LAT) in Kassala State.
	Risk Factor
	Category
	No.Positive/Total(%)
	P-value
	Significance

	Sex
	Male
Female
	89/247 (36.0%) 
40/75  (53.3%)

	0.007
	Significant

	Location
	Eastern Kassala
Western Kassala
Northern Kassala 
Southern Kassala

	39/73 (53.4%)
33/110 (30.0%)
34/82 (41.5%)
23/57 (40.4%)
	0.017
	Significant

	Age Group
	< 4 years 
4–8 years
> 8 years
	39/105 (37.1%)
62/173 (35.9%)
27/44 (61.4%)

	0.003
	Significant

	Breed
	Rashayde 
Arabi
Annafi
Bushary
	89/256 (34.8%)
30/48 (62.5%)
9/16 (56.3%)
1/2 (50.0%)	Comment by Maher: Is this justice result. 

	0.002
	Significant

	Migration
	Migrated (Sudan→ Ethiopia)
 Non-migrated

	53/103(51.5%)
76/219(34.7%)
	0.004
	Significant

	Owner Awareness
	Un aware of cats’
 role Aware
	111/252 (44.0%)
18/70 (25.7%)

	0.006
	Significant

	Contact With Wild Felids
	Contact 
No contact
	92/190 (48.4%)
37/132 (28.0%)
	0.000
	Significant











Non-Significant Risk Factors Associated with Toxoplasma gondii Seropositivity
Several variables were examined to determine their association with Toxoplasma gondii seropositivity; however, none of these factors demonstrated statistical significance. Camels were classified according to clinical condition, with seroprevalence recorded at 41.3%(124/300) among healthy animals and 22.7% (5/22) among those in poor health, though this difference was not significant (P = 0.086). Similarly, herd size showed no meaningful association with infection, as camels from large herds (40.7%; 127/312) and those from medium-sized herds (20.0%;2/10) exhibited comparable levels of exposure (P= 0.188).	Comment by Maher: T. 
Reported contact with domestic cats also failed to demonstrate significance, with seropositivity of 39.3%(118/300) in exposed animals   and 50.0% (11/22) in non-exposed animals (P = 0.324). These findings indicate that health status, herd size, and contact with domestic cats were not predictive of T. gondii infection in the study population.
 ELISA Results	Comment by Maher: Add to table.
ELISA Test was used for estimating anti bodies of  T. gondii in serum samples which were taken from 182 camels .Out of them, 37 camels were tested positive with a prevalence of (20.3%).
Significant Risk factors associated with camel toxoplasmosis using ELISA:
Using ELISA,  several factors were found to be significantly associated with Toxoplasma gondii seropositivity in camels. Location played a major role, with seroprevalence highest in Eastern Kassala, where 53.5% (23/43) of animals tested positive, compared with substantially lower rates in Western (13.2%), Northern (8.3%), and Southern Kassala (7.9%). This variation was highly significant (P = 0.000), indicating that camels in Eastern Kassala were at markedly greater risk of exposure.
Breed was also significantly linked to infection status. The Arabi breed demonstrated the highest seroprevalence at 76.2% (16/21),far exceeding that observed in Rashayde (12.4%), Annafi (20.0%), and Bushary (50.0%) camels. The strong statistical significance (P = 0.000) highlights the Arabi breed as particularly susceptible to T. gondii infection.
Migration history further influenced seropositivity. Camels that migrated from Sudan to Ethiopia exhibited a prevalence of 41.7%(20/48), compared with 12.7%(17/134) among non-migrated animals, indicating a significantly increased risk associated with migration.
Overall, ELISA findings show that geographical location, breed, and migration history are important determinants of T. gondii infection in the studied camel population.
Table (2): Significant Risk Factors Associated With Toxoplasma gondii
Seropoitivity in Camels Using ELISA in Kassala State
	Risk Factor
	Category
	No. Positive/Total(%)	Comment by Maher: The total samples in all categories was different as table 1?
	P-value
	Significance

	Location
	Eastern Kassala
Western Kassala
Northern Kassala 
Southern Kassala

	23/43(53.5%)
14/106 (13.2%) 
6/72 (8.3%)
4/51 (7.9%)
	0.017
	Significant

	Breed
	Rashayde 
Arabi
Annafi
Bushary
	7/56(12.4%)
16/21(76.2%)
7/35 (20.0%)
3/6(50.0%)

	0.002
	Significant

	Migration
	Migrated (Sudan→ Ethiopia)
 Non-migrated

	20/48 (41.7%)
17/134 (12.7%)
	0.004
	Significant






Non-Significant risk factors
Evaluation of additional risk factors using the ELISA test showed no statistically significant associations with Toxoplasma gondii seropositivity. Infection rates were nearly identical between males (20.3%) and females (20.5%), indicating no effect of sex on exposure. Health status also showed no meaningful relationship, with similar seroprevalence in healthy animals (20.8%) and those classified as being in poor condition (11.1%). Herd size did not influence infection likelihood; seropositivity was 19.0% in large herds and 50.0% in medium-sized herds, though the difference was not significant.	Comment by Maher: T.
Environmental and management factors similarly showed no association with infection risk. The presence of domestic cats around the herd produced comparable exposure levels to those in herds without cats, and owner awareness of the role of cats in disease transmission did not correlate with seropositivity. Contact with wild felids also demonstrated no significant effect, with similar infection rates between exposed and non-exposed camels. Overall, none of the examined demographic, health, husbandry, or environmental variables were significantly linked to T. gondii infection based on ELISA results.

Discussion

The study indicated that the camels in many parts of Sudan had antibodies against Toxoplasma gondii, and can acquire the infection through ingestion or inhalation of sporulated oocysts that are shed by cats. The other members of the family Felidae can also spread toxoplasma via their faeces (Jewell et al, 1972)	Comment by Maher: T.	Comment by Maher: Delete
Significant associations were identified between seropositivity and geographical location, breed and migration status ,indicating heterogeneity in exposure risk. Camels from Eastern Kassala exhibited markedly higher seroprevalence compared with other regions. Breed-specific differences were  observed, with the Arabi breed showing significantly higher infection rates.
Migration emerged as a major risk factor, as camels migrating between Sudan and Ethiopia had substantially higher seroprevalence than non-migratory animals. In contrast, sex, health status, herd size, and the presence of domestic or wild felids were not significantly associated with infection, suggesting that environmental and ecological factors outweigh individual-level determinants. Overall ,T. gondii infection in camels appears to be driven primarily by regional ecology, production systems, and animal movement, under scoring the need for targeted surveillance and control strategies in high-risk populations.
This study showed that T.gondiiantibodies prevalent in Kassala State in camels by using LAT was 44.7% and iELISA test 20.3% from positive result in LAT. The prevalence of this study is similarly to 49% from positive in camels Gedarif State in eastern Sudan using LAT  (Ausjud et al.,2017) and also its similarly to 44% from positive in camels on Tumbool-Sudan slaughterhouse using LAT (Husna et al.,2012)
The prevalence of this study was higher than this reported in the Al- Butana plain,  mid–eastern Sudan 30% (Mohammed, 2021)

By LAT ,and higher than reported 20% in camels from El-Kadaro area- Sudan using the same technique ( Khalil et al.,2007)
In addition the prevalence of this study was lower than this reported in the Butana plains ,mid–eastern Sudan 67% (Elamin et al.,1992)  by LAT.
Sex was identified as a significant risk factor based on the LAT results. The findings were consistent with studies conducted in Kassala and Gedarif States, where higher seroprevalence was observed in females (53.3% and 52.3%, respectively).In contrast ,seroprevalence in males was lower in Kassala (36.0%) compared with Gedarif (47.7%). (Asjud et al.,2017).
The observed differences between the present study and previous reports may be attributed to variations in camel management systems, sample size, and the serological techniques employed. The results demonstrated poor agreement between LAT and iELISA in detecting Toxoplasma gondii infection in camels from Kassala State. However, LAT identified a higher number of positive samples at the individual level, indicating its greater sensitivity but lower specificity compared with iELISA.
Conclusion
This study demonstrates that Toxoplasma gondii  infection is endemic among camels in Kassala State, with a relatively high overall seroprevalence. Significant variation was observed between localities, with Eastern Kassala showing the highest infection rates. Breed and migration history were also important predictors of seropositivity, while sex, age, herd size, health status, and contact with cats showed no significant association with infection.
The findings indicate that environmental factors, animal movement, and breed susceptibility play a major role in shaping exposure patterns in this region. Given the public health importance of toxoplasmosis, these results highlighttheneedforimprovedsurveillanceandtargetedcontrolmeasuresin Kassala’s camel populations..
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