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ABSTRACT 
 
Aims: Toxoplasma gondii is one of the most significant food-borne protozoan pathogens and has a significant effect on 
public health globally. This study aimed to determine the prevalence of T. gondii among retail sheep meat in Erbil 
Governorate, Iraq. 
Methodology and results: During January to June 2019, a total of 375 samples were aseptically collected from retail 
meat shops. The ELISA test was used for the detection of antibodies against T. gondii from meat juice samples. The 
overall prevalence of T. gondii antibodies was 16.5%. Late winter and early spring (January-March) showed the highest 
prevalence, while the prevalence decreased in the subsequent months of the study. There were slightly, but 
insignificant, increase in the rate of occurrence in suburban area compared with urban area. Samples from sheep 
carcasses of 1-2 years of age showed the highest prevalence (20.7%) of T. gondii antibodies.  
Conclusion and impact of the study: The prevalence of T. gondii in sheep meat sold in Erbil Governorate is high. 
Thus, proper cooking and strict adherence to hygiene policies are necessary to prevent transmission of toxoplasmosis to 
human from sheep meat.  
 
Keywords: Toxoplasma gondii, ELISA, Kurdistan region, urban 
 

INTRODUCTION 
 
Toxoplasma gondii is a single-celled, intracellular, 
opportunistic, coccidian protozoan parasite belongs to 
Sarcocystidae family. Toxoplasma gondii was discovered 
in 1908 by Nicolle and Manceaux in North African rodent - 
gundi (Ctenodactylus gundi). Toxoplasma gondii is a 
facultatively heteroxenous, polyxenous in which the final 
hosts (cat and lynx) produce oocysts, whereas most 
warm-blooded animals, including humans, act as 
intermediate hosts where the other developmental stages 
of T. gondii are found. Marine animals can also be 
infected by oocysts presented in the marine environment 
(Dubey, 2009; Sroka et al., 2019). 

Toxoplasma gondii has been recovered from 
numerous locations throughout the world, except 
Antarctica. It is also described as a ‘Silent threat’ in most 
of the Asian countries. Nearly one-third of global 
population are chronically infected with T. gondii. To 
human, cat’s fecal material is the most common source of 
infectious oocysts. The infected cat can excrete up to 500 
million of highly infectious and environmental-resistant 

oocysts in a short period of time (1-2 weeks) and even 
one oocyst is infectious (Dubey, 2008; Olsen et al., 2019). 
The people with the highest risk of infection are pregnant 
women and immunocompromised individuals (Pereira et 
al., 2010; Peyron et al., 2019). Human infection occurs by 
oral route, mostly via raw or undercooked contaminated 
meat, meat products, and shellfish containing tachyzoites 
or bradyzoites. Accidental ingestion of environmentally-
resistant stages (sporozoites in oocysts) or contaminated 
food utensils may also lead to infection. Transplacental 
infection often leads to severe and life-long disabilities of 
infected infant. Food-producing animals may represent a 
real risk for transmission of the disease to humans, either 
directly or through farming practice (Dubey and Jones, 
2008; CDC, 2019). 

Human toxoplasmosis is usually a subclinical 
infection, yet some patients develop flu-like symptoms 
with enlarged lymph nodes or muscle soreness and pains 
that may last for a month or more. Congenital 
transmission may lead to severe problems including 
abortion, hydrocephalus, neurological disorders, severe 
impairments in vision, hearing, mental disabilities, and 
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retinochoroiditis (Rouatbi et al., 2019). Reactivation of 
undiagnosed congenital toxoplasmosis can lead to ocular 
toxoplasmosis later in life leading, in many cases, to 
blindness even with treatment (Ybañez et al., 2019). 

Epidemiological data indicate that toxoplasmosis is 
the one of the most common of human infections 
throughout the world. Infection is more common in warm 
climates and at lower altitudes than in cold climates. This 
widespread may be attributed to the oocytes stability in 
warm and humid environments and resistance to many 
disinfecting agents (Dubey et al., 2012; Shapiro et al., 
2019). There are several factors affecting the prevalence 
of toxoplasmosis including; contact with cats, nutritional 
habits, age and residency. Serological studies also 
confirm that several livestock animals are infected with T. 
gondii and they transmit this infection when their meat is 
consumed. Outbreaks of toxoplasmosis associated with 
raw meat consumption have been reported (Dong et al., 
2018; Ivovic et al., 2019).  

Sheep meat is considered an important source for 
infection by T. gondii. Moreover, there is no available data 
regarding the rate of the infection in sheep meat in 
Kurdistan region, therefore, this study aimed to determine 
the prevalence of T. gondii in sheep meat by ELISA 
method from Erbil Governorate, Kurdistan region, Iraq. 
 
MATERIALS AND METHODS 
 
Determination of sheep carcasses age 
 
Carcasses age of sheep was determined according to 
previously published criteria (Munson, 2000; Hoffman, 
2019). Briefly, carcass’s age is assigned as 1-year sheep 
by the presence of moderately red, moist, and porous 
break joints on the front shanks, also the ribs of the 
carcass differ in shape from moderately flat to round with 
some redness on the exposed surfaces. On the other 
hand, young sheep carcass of 1-2 years is characterized 
by spool joints on both front shanks or one spool joint and 
an inadequate break joint. Also, the ribs tend to be flat 
and moderately wind with slight to no redness. Sheep 
carcass over 2 years of age, constantly have spool joints 
with wide flat ribs and darker mature bones. Flank 
muscles range in color from dark red to very dark red. 
 
Sample collection  
 
A total of 375 sheep meat samples (125 thigh muscle, 
125 flank muscle, and 125 shoulder muscle) were 
collected under sterile hygienic conditions during January 
to June 2019 in Erbil Governorate according to previously 
published method (Al-mashhadany, 2019a). A total of 195 
samples were collected from retail outlets at city center, 
whereas 180 samples were obtained from outskirts 
regions. 
 
Preparation of meat juice  
 
Meat juice was prepared as previously published (Al-
mashhadany, 2019b). Briefly, a one-week frozen sample 

in –18 °C was transferred to a container for meat juice 
collection and thawed at 20-25 °C to release the meat 
juice. Approximately 2-3 mL of juice were collected in an 
Eppendorf tube and centrifuged at 1500 g for 5 min. The 
supernatant was then collected for ELISA assay. 
 
Detection of T. gondii antibodies by ELISA 
 
The ELISA tests were performed according to a published 
protocol (Al-mashhadany, 2019b). Briefly, BioCheck BC-
1085 kit (California, USA) was used for IgG antibodies 
detection according to manufacturer's instructions. The 
microtiter well commercially available and coated with an 
antigen of T. gondii. All the IgM class antibodies present 
in the sample will bind to the immobilized antigen. The 
test was done by filling the microtiter plate with 100 μL of 
the supernatant in the A1 well position and incubated at 
37 °C for 30 min.  After the incubation period, all wells 
were rinsed with the wash buffer. 100 μL of enzyme 
conjugate were added to each well and mixed gently and 
incubated for half an hour. Unbound enzyme conjugates 
were rinsed with wash buffer and 100 μL of the TMB 
reagent were added and mixed before a 30-min 
incubation period. Finally, 100 μL of the stop solution 
were added and mixed before reading the optical density. 
Negative and positive controls were run in parallel by kits 
provided by the same manufacturer. The optical density 
(OD) values were read at 450 nm using a microplate 
spectrophotometer Thermo ScientificTM MultiskanTM GO 
(Fisher Scientific, Delaware, USA). 
 
Statistical analysis  
 
Data were analyzed using the SPSS software version 21. 
Confidence intervals of prevalence were estimated using 
“exact” Clopper-Pearson at alpha level of 0.05. Chi 
square (χ2) test was employed to compare the difference 
between groups.  
 
RESULTS 
 
Occurrence of T. gondii antibodies in sheep meat 
samples 
 
Out of 375 raw sheep meat samples, 16.5% were positive 
for the presence of T. gondii antibodies detected by 
ELISA test (Table 1). Statistically, 12.92%-20.69% of 
sheep in Erbil city are expected to be infected with T. 
gondii. There is no significant difference between parts of 
sheep meat in terms of harboring anti-T. gondii antibodies 
(p= 0.587).  
 
Changes in prevalence of T. gondii during study 
period 
 
The changes in prevalence of T. gondii were monitored 
throughout the study period. The highest rate of T. gondii 
was observed in March (20.6%) and January (19.1%), 
while the lowest rate was found in June (11.3%) (Figure 
1).  There  is  a  minor  association  (R2 = 0.414)  between  
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Table 1: Prevalence of T. gondii antibodies in meat juice 
from different parts of sheep meat. 
 

Parts of meat No. 
examined 

Positive samplesa  
n (%) 

Thigh meat 125 23 (18.4) 

Flank meat 125 18 (14.4) 

Shoulder meat 125 21 (16.8) 

Total  375 62 (16.5) 

 a Samples in which IgG was detected. 
 

 

Prevalence of T. gondii antibodies according to the 
age of sheep carcasses 
 
The prevalence of T. gondii antibodies according to the 
age of sheep carcasses is summarized in Table 3. The 
prevalence of T. gondii antibodies was increased as the 
age of carcasses increased. The sheep meat samples 
from sheep meat carcasses of 1-2 years of age have the 
highest prevalence (20.7%) of T. gondii antibodies, 
followed by samples with age >2 year (16.4%), while the 
lowest prevalence was from samples with age less than 1  
year (11.3%). Sheep of age 1-2 years showed 
significantly   higher   prevalence  (p = 0.0420)   than   the 
sheep less than 1 year. However, the difference in 
prevalence of T. gondii antibodies between sheep 
younger than one year and sheep older than one year is 
not significant (p = 0.0699).  
 
Table 3: Prevalence of T. gondii according to the age of 
sheep carcasses. 

Figure 1: Temporal distribution of T. gondii antibodies 
during study period (January-June 2019), n=375. 
 
 
progress of winter-spring months and the decrease in 
prevalence of T. gondii antibodies in sheep meat. 
 
Prevalence of T. gondii according to sampling 
location 
 
Regarding to the distribution of T. gondii among examined 
samples, the results showed prevalence of 21.7%, 18.3%, 
and 16.7% of thigh, flank, and shoulder muscles from the 
suburban area, and 15.4%, 10.8%, and 16.9% for thigh, 
flank, and shoulder muscles from urban area respectively 
(Table 2). There is no significant difference between 
locations in terms of T. gondii prevalence (χ² = 0.218, p = 
0.6404). 
 
Table 2: Prevalence of T. gondii according to sampling 

location. 

Parts of 
meat 

Urban Suburban 

No.  
tested 

Positive 
samplesa 

n (%) 

No. 
tested 

Positive 
samplesa 

n (%) 

Thigh 65 10 (15.4) 60 13 (21.7) 

Flank 65 7 (10.8) 60 11 (18.3) 

Shoulder 65 11 (16.9) 60 10 (16.7) 

Total 195 28 (14.4) 180 34 (18.9) 
a Samples in which IgG was detected. 

   a Samples in which IgG was detected. 

 
DISCUSSION 
 
In  most residences  in the  world, the consumption of red 
meat, particularly sheep meat, is a significant source of 
human food and is widely regarded as a food product with 
high nutritional value (Klurfeld, 2018). Toxoplasmosis is 
usually transmitted to humans by different type of foods, 
particularly red meat, through consumption food 
contaminated with Toxoplasma cysts. Persons become 
infected by eating undercooked or raw meat, or by other 
foods or food utensils contaminated with infective cysts 
(Pereira et al., 2010). 

In this study, the prevalence of T. gondii antibodies 
among sheep meat samples was 16.5% (62/375) (Table 
1). This prevalence is high since meat sold in markets 
should be derived from healthy animals. It's estimated 
that 50% of toxoplasmosis cases are food-borne (Dubey, 
2009; CDC, 2019). This result is slightly higher than 
reported from Iran (14.0%) that used molecular diagnosis 
(PCR) for detection of T. gondii (Rahdar et al., 2012). 
However, slightly higher rates (20-40.8%) were reported 
from Turkey (Ergin et al., 2009; Yildiz et al., 2015), South 
Asia (21.1%) (Khan et al., 2017), Brazil (22.1%) (Andrade 
et al., 2013), and the USA (22.0%) (Guo et al., 2016). 
Additionally, much higher prevalence was also reported 
from Egypt (4-26% to 51.76%) (Ibrahim et al., 2017; Al-
Kappany et al., 2018), Africa (17-37%) (Tonouhewa et al., 
2017), Ethiopia (33.7%) (Tilahun et al., 2018), Tunisia 
(40.2%) (Lahmar et al., 2015), and 33.3% (Amdouni et al., 

Age of sheep No. examined Positive samplesa 

n (%) 

<1 year 115 13 (11.3) 

1-2 years 150 31 (20.7) 

> 2 years 110 18 (16.4) 

Total 375 62 (16.5) 
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2017) and Iran (56.66%) (Kareshk et al., 2017). A worth 
mentioning point is that these reports used different 
diagnostic tests (serological, molecular, and bioassays) 
which could affect the reported results (Peyron et al., 
2019). Despite the variations in results of immunoassays 
as a consequence of intra-species difference in test 
conjugates proteins, the high sensitivity and specificity of 
ELISA-based detection have been found in various 
studies to screen different domestic animals including 
sheep (Shaapan et al., 2008; Macaluso et al., 2019). 

On the contrary, in Europe, the prevalence of T. gondii 
in sheep meat is much lower than found in the present 
study. For instance, sheep carcasses in France carrying 
living parasites according to bioassay results were 
estimated to be 5.4% (Halos et al., 2010), 5.4% in Poland 
(Sroka et al., 2019), and as low as 2% in Switzerland 
(Berger-Schoch et al., 2011). This low prevalence may be 
linked to better food hygiene and cold climate that affect 
the survival of T. gondii cysts (Dubey et al., 2012).  

The temporal distribution (Figure 1) shows that the 
highest rate of T. gondii was observed in March (20.6%) 
and January (19.1%), while the lowest rate was found in 
June (11.1%). It is obvious that there is an association 
between increase in prevalence of T. gondii during 
January to March and other environmental parameter(s) 
such as temperature and humidity. The temperature and 
humidity is known to facilitate the spread and survival of 
the oocysts (Dubey, 2009). In Erbil governorate, 
progression of the first half of the year (January to June) 
is associated with increase in temperature (from 12 °C to 
38.1 °C) and decrease in humility (75% to 29%) that most 
likely decreased the number of viable oocysts in the 
environment (Dubey et al., 2012). This may explain the 
noticed decrease in prevalence during May and June. 
These results are in line with previously reported 
observation by Simon et al. (2018) and Shapiro et al. 
(2019). 

Regarding to the prevalence of T. gondii in sheep 
meat according to location and age (Table 2 and 3), no 
significant difference between locations has been 
observed. This finding is in good agreement with a recent 
Canadian study (Iqbal et al., 2018). However, locations 
near mountainous regions may show higher prevalence 
due to shortage of veterinary care (Dahourou et al., 2019) 
and/or frequent contact with wild animals or their feces 
and other potential sources of T. gondii (Sroka et al., 
2019). Similar findings have also been reported in 
medical surveys (Al-Shaibani et al., 2018; Ibrahim, 2018). 
Sheep of 1-2 years of age showed the high prevalence 
(20.7%) of T. gondii antibodies than younger and older 
sheep (Table 3). The same observation was reported 
from Pakistan (Hanif and Tasawar, 2016), and Senegal 
(Dahourou et al., 2019).  
 
CONCLUSION 
 
Toxoplasma gondii in red meat, especially sheep meat, is 
a significant public health challenge for Iraqi Kurdistan. 
According to the results obtained in this work, the 
prevalence of T. gondii in sheep meat samples collected 

from the retail sheep meat in Erbil Governorate, Kurdistan 
region, Iraq is high. Elder sheep (1-2 years) tend to be 
infected by T. gondii than younger sheep. Despite there is 
a subtle difference in prevalence between urban and 
suburban regions of Erbil, no significant difference 
between locations has been observed. Thus, it is 
suggested Erbil residences should be aware of proper 
cooking and hygiene policies to prevent the acquisition of 
toxoplasmosis from the sheep meat. 
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