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Abstract: 

Toxoplasmosis is an important zoonotic diseases in human and animals. The disease caused by the 
protozoan Toxoplasma gondii. It  is an  economically important disease of livestock, especially sheep and 
goats. The present work aimed to diagnose toxoplasmosis in sheep   using two methods, serological 
(ELISA) and molecular tools (PCR) and comparing the serological data with the molecular results to 
determine the sensitivity and the specifity of the molecular tools. 

The study was carried out at Duhok Research Center, University of Duhok. Ninety sex whole blood 
samples were collected from in aborted ewes in Duhok governorate during the period September 2013- 
September 2014.The samples were collected from different localities including Aqra, Dohuk district, 
Shikhan and Zakho  The serological tests showed that22(22.91 %) of the samples were positive from 
examined sheep serum by ELISA, while 23(23.93%) by using PCR assay. PCR was performed on all DNA 
of sheep blood samples to amplify B1 gene as a target sequence.  

Good correlation between the results of PCR and ELISA  were detected, there’s no statistically 
significant  difference, It can be concluded that ELISA combined with the PCR technique is a 
recommended tool for accurate diagnosis of Toxoplasmosis but PCR is more specific for detection of T. 
gondii with sensitivity of 95.45 % and specificity of 97.29%.When taking the ELISA as a reference test. 
The results of PCR assay showed it’s important in the diagnosis of the carrier infected cases more than 
ELISA techniques. 
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1. Introduction 

Sheep are important to the economy of many 
countries because they are a source of food for 
humans. Sheep are  commonly infected with the 
protozoan parasite, Toxoplasma gondii infection 
of sheep  and goat poses a risk to public health, 
as well as economic losses due to reproductive 
failure (Dubey and Towel, 1986; Dubey and 
kirkbride, 1990; Edward and Dubey, 2013). The 
parasite  was first described in 1954 (Buxton et 
al., 2007). Ovine toxoplasmosis has a  
worldwide distribution especially in temperate 
sheep rearing countries where the climatic 
conditions favor oocyst survival (Buxton and 
Rodger, 2008). Toxoplasmosis is a major cause 
of reproductive failure associated with abortion 
in sheep and goat. In sheep, abortion or prenatal 
mortality of lambs occur when ewes suffer a 
primary infection during pregnancy (Tenter et 
al., 2001).  

Toxoplasmosis is diagnosed mainly by direct 
smear, Immunohistochemistry, serology testing 
and PCR (Mazumder et al., 1988; Ramadan et 
al., 2007; Dubey, 2009, 2010) 

Various ELISA methods using crude, 
fractionated, or recombinant antigens have been 

used to detect T. gondii antibodies in ovine sera. 
Compared ELISA based on crude and 
recombinant antigens found to have varying 
degrees of specificity in naturally and 
experimentally- infected sheep (Caballero-
Ortega et al., 2008). 

The ELISA assay for T. gondii antibodies has 
been adapted for use in most domestic animals 
including sheep and goat (Dubey, 2008; Dubey, 
2009). There is specific ELISA assays for both 
IgM and IgG subtypes. These ELISA assays are 
ideally suited to screen large numbers of samples 
and looking at the IgM/IgG ratio (Denmark and 
Chessum, 1978). Serological analysis using 
IFAT and ELISA has been widely employed in 
order to detect herds infected by toxoplasma, 
including swine and sheep flocks (Van der Puije 
et al., 2000). 

Moreover, Molecular assays such as PCR 
make it possible to detect small quantities of 
target DNA and potentially provide an 
alternative sensitive diagnostic tool, specific 
molecular diagnostics of toxoplasmosis is 
generally based on the detection of a specific 
DNA sequence, using different assays and 
protocols, mostly from highly conserved regions 
such as the B1 gene repeated 35 times in the 
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genome, 529 bp repetitive element with about 
200-300 copies in the genome, ITS-1 (internal 
transcribed spacer ) that exists in 110 copies and 
18S rDNA gene sequences(Jones et al., 2000; 
Habibi et al., 2012; Moazeni Jula et al., 2013; 
Tavassoli et al., 2013). In general, this technique 
has been proven as a useful method in diagnosis 
of clinical toxoplasmosis (Dubey, 2008), it is 
highly specific and sensitive and very useful 
together with serological tests to differentiate the 
chronic, acute or reactivated infections (Neil and 
Lappin, 1991; Switaj et al 2005) 

Early diagnosis of infection is of great 
consequence for reducing the severity of the 
disease and the risk of congenital toxoplasmosis 
(Behbehani and Al-Karmi, 1980; Edward and 
Dubey, 2013). 

Few serological studies have been conducted 
on the prevalence of T. gondii antibody in farm 
animals in Kurdistan Region but no molecular 
study for detection of parasite DNA have been 
used. Therefore, the aims of the present study 
were to estimate the prevalence of the T. gondii 
antibodies in   aborted ewe’s serum by using 
serological tests (ELISA) and to compared with 
the detection of parasite DNA using molecular 
tools (PCR) in order to determine the sensitivity 
and specifity of diagnostic techniques for the 
diagnosis of Toxoplasmosis in sheep Duhok 
Governorate, 

 
2. Material and method: 

The study was carried out in the Duhok 
Research Center /Faculty of veterinary medicine, 
university of Duhok. The sheep of this study 
were of local breeding (Karadi), only female 
aborted ewes were involved in this work.  

 
2.1 Sampling: 

Ninety sex whole blood samples were 
collected from aborted ewes in Duhok 
governorate during the period September 2013 
to September 2014. The samples were collected 
from different localities including Aqra, Duhok 
district, Shikhan and Zakho. 

The blood samples were collected from the 
jugular veins of the sheep, each sample was  
divided in to the two parts, one left few minutes 
to obtain serum for serological tests, the other 
part of the blood samples was collected in sterile 
tubes with EDTA for PCR investigation. The 
collected sera and blood samples were coded and 
preserved at -20 °C until used. 
 

2.2 Serological assay: 
Sheep IgG antibodies against T. gondii were 

tested using an enzyme-linked immunosorbent 
assay (ELISA). The indirect Elisa (ID. VET. 
Innovative diagnostics, France) was performed 
using commercial kit. Optical densities (OD) 
were read at 450 nm. The results were expressed 
as the percentage of the mean absorbance values 
of sample (S) to the mean absorbance value of 
the positive (P) control sample provided with the 
diagnostic kit. The resultant SP ratio was 
expressed as a percentage (S/P %). According to 
the manufacturer’s recommendation, sera with 
S/P% ≤ 40% should be regarded as negative, 
between 40 and 50% as doubtful, between 50% 
≤ and < 200% as positive, and ≥ 200% as strong 
positive 

 
2.3 Polymerasechain reaction (PCR): 
2.3.1 DNA extraction 

Genomic DNA was extracted from blood 
samples using a commercially available kit, 
QIAamp DNA, blood and tissue kit (Qiagen, 
Hilden, Germany). DNA extraction and 
purification protocol was recommended by the 
manufacturer. 

Amplification was conducted in a total 
volume of 25 μl. The reaction mixture contained 
12.5 ul, 2X ready PCR mix (KAPA2G, PCR kit, 
KAPA Biosystems; USA ) which consisted of 
1.25 ul Taq-Pol, 75 mM Tris-HCL (pH 8.8), 
1.5 mM MgCl2, and 0.2 mM of each dNTP. The 
reaction mixture contained 12.5 ul master mix, 
10 pmol of each forward and reverse primers 
(Table 1), 1 ug DNA template, and 8.5 ul RNase 
free water to a total volume of 25 ul. 

 
2.3.2 Primer selection 

The primer pairs used in the PCR experiment 
were TOX4 
(CGCTGCAGGGAGGAAGACGAAAGTTG) 
and TOX5 
(CGCTGCAGACACAGTGCATCTGGATT), 
as described by ( Homan et al., 2000) 

 
2.3.3 PCR technique 

The amplification was carried out in a 
thermal cycler (Ependrof, Germany) according 
to the following program: an initial denaturation 
step at 95°C for 7 min, followed by 35 cycles of 
denaturation at 95°C for 30 sec, annealing, 
primer  at 55°C for 1 min, extension step at 72°C 
for 45 sec. and a final extension step at 72°C for 
5 min. Amplified PCR products were the PCR 
products examined by electrophoresis in 1.5% 
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agarose gel, stained with ethidium bromide 
solution, visualized under UV transilluminator 
and photographed  
 

4. Results 

In the results of the diagnosis of T.gondii 
infection in sheep relied on the immunological 
(ELISA) and molecular tests, as presented in 
Table 1, ELISA detected anti- T. gondii 
antibodies in 22 out of 96 sheep (22.91%), 
whereas 23/ 96 (23.9%) of the samples were 
positive by PCR. Two of the samples were 
positive with PCR but they were negative with 
ELISA assay and one sample was seropositive 
but negative with PCR (Figure 1). 

 

 
 
(Fig. 1). Gel agarose electrophoresis (1.5%) for T. 
gondii PCR products analysis M: 100 bp DNA size 
marker Lane 1 :( control positive) T. gondii B1 gene 
PCR products (529 bp) were amplified by external 
primers. Lanes 2 is negative control and 3, 4,5,6,9 is 
positive clinical samples for T. gondii B1 gene b, 8 is 
negative clinical samples. 
 
Table 1. Infection rate of T. gondii in examined 
sheep using PCR, ELISA 

 ELISA PCR 

Positive 22(22.91%), 23(23.9%) 

Negative 74(77%) 73(76%) 

Total 96 96 

 
Compared with ELISA The  sensitivity and 

specificity of PCR for  detecting Toxoplasmosis 
measured according to use ELISA  test as 
reference tools  The  sensitivity and specificity  
were   95.45%  , 97.29 respectively (Table 2). 

Based upon the Kappa statistical test, a good 
correlation 0.913(perfect agreement) between 
the results of ELISA and PCR. Strength of 
agreement based on ê was judged according to 
the following guidelines: <0.2=slight; 0.2–
0.4=fair; 0.4– 0.6=moderate; 0.6–0.8=good; 
>0.8=very good, and 0.8-1= perfect agreement. 
 

Table 2. Relative sensitivity and specificity of PCR 
in comparison with standard ELISA 

 
ELISA 

 
Positive Negative 

 
PCR 

 

Positive 
Negative 

21(a) 
1(c) 
22 

2(b) 
72(d) 
74 

23 
73 
96 

Sensitivity = a/ (a + c);95.45% 
Specificity = d/ (b + d)      97.29 
Kappa agreement *= 0.913 
*When two measurements agree by chance only, 
kappa = 0. When the two measurements agree 
perfectly, kappa = 1 
 

5. Discussion: 

Sheep represent an important source of meat, 
milk and wool for humans in many countries, 
and toxoplasmosis causes great economic losses 
to sheep industry worldwide (Buxton et al., 
2007) The prevalence of T. gondii infection in 
sheep and goats may be due to sheep free range 
livestock associated with T. gondii infection due 
to contamination of environment with oocytes. 
The frequent presence of stray cats in a humid 
rainy climate favor the survival of oocytes which 
contributed to the Toxoplasma prevalence in 
Kurdistan. The primary goal of this study was to 
assess the risk of T. gondii infection to sheep in 
Kurdistan and to use different tools for the 
diagnosis of the parasite from aborted ewe. Out 
of 96 samples 22(22.91%) were positive by 
using ELISA while the 23(23.9%) samples were 
positive with B1 gen using PCR two.  

Two samples were positive with PCR but 
negative with ELISA assay. The explanation is 
that there are cases of infection with T. gondii 
where serum levels of antibody are still not 
enough to trigger ELISA-sensitive reactions, 
ELISA is unable to detect the infection at early 
stages of infection. Again, in acute phase of 
infection T. gondii when death can happen in 
only few days, the disease progression is too fast 
to let immune system of animal to produce 
ELISA-detectable levels of antibody (Nguyen et 
al., 1996).One sample was seropositive but PCR 
negative results can be explained by the fact that 
antibodies may be present in the absent of 
parasite or may be false positive reaction due to  
the cross-reactivity, since several studies 
suggested a closer relationship between T. gondii 
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sera and N. caninum (Nishikawa et al., 2002). 
 Detection of T. gondii DNA using PCR 
minimizes the problems which the researcher 
may face when using serological methods only 
and facilitates the diagnosis in complex cases. 
Compared to other countries, it has been found 
that T. gondii seroprevalence in Duhok  was 
higher than that in Rahim Yar Khan (Punjab), 
Pakistan (11.2%) and India (3.8%) (Ramzan et 
al., 2009; Sharma et al., 2008), but lower than 
the prevalence rate of toxoplasmosis in Turkey 
and Iran which were (31%) for both  (Taraneh et 
al., 2006 and Sharif et al., 2014 respectively). 
The differences could be related to differences in 
ecological and geographical factors such as 
temperature, rainfall or landscape differences. 
The study area had overall low temperatures and 
it generally thought that the prevalence and risk 
of T. gondii infection decrease with decreasing 
temperature because it affect the survival of 
oocytes in the environment such as pastures. 

In Iraq, the prevalence of the T. gondii in 
sheep is higher in south than that of the north of 
the country (Ali Akber et al., 2014) study 
showed that the province of Babylon is the 
highest in its seropositivity percentage in sheep 
39.5%, followed by the province of Al-Anbar 
(34.4%) and the province of Nineveh (30%) as 
compared to the  study of other Provinces. The 
present study showed that T. gondii 
seroprevalence in Duhok was lower than 
Babylon, Al-Anbar and Nineveh respectively. 
The differences could be due to the hot and 
humid environment in south, higher prevalence 
rate of toxoplasmosis in warm, moist areas 
compared to those with colder and dry is 
attributed to the longer viability of T. gondii 
oocytes in moist or humid environments The 
study area had overall low temperatures and it 
generally thought that the prevalence and risk of 
T. gondii infection decrease with decreasing 
temperature because it affect the survival of 
oocytes in the environment such as pastures. 
PCR provides a simple and safe method for 
accurate and early diagnosis of toxoplasmosis 
(Tavassoli et al., 2009; Moazeni Jula et al., 
2013). 

In General many study has been performed 
using the serological and moleculare diagnosis  
of T. gondii such as (Burg  et al., 1989; Al-
Sanjary and Hussein, 2012;  El-Madawy and 
Metawea 2013; Al-Abady et al., 2014), all  those 
studies agree with our conclusion  that molecular 
(PCR) is more sensitive and specific tools than 
the serological tools for the detection of T. 

gondii parasite . The sensitivity and the 
specificity of PCR for detecting Toxoplasmosis 
was measured according to ELISA test as a 
reference test 
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