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Abstract 
 
Toxoplasma gondii is the most dangerous parasite found in humans and cats. The strong 

relationship between cats and their owners compelled us to explore the incidence of these 

parasites in companion cats and genotyping of T.gondii strain of the infected pets. 54 blood 

samples and 54 fecal samples collected from pets in order to ascertain the prevalence of T. 

gondii. The GRA6 gene was targeted in the feces and blood of examined pets and the genotypes 

of T. gondii were determined using the GRA6 gene loci by PCR-RFLP assay. The GRA6 gene 

amplification showed that 6% of pets were infected with T.gondii. PCR-RFLP assay revealed the 

predominance of genotype II at a rate 67% and type III at a rate 33% while type I not detected in 

infected pets. The incidence of toxoplasmosis in domestic felines can cause contamination of 

environment through excreting of oocyst in the feces which may lead to infection to cat owners 

specially who taking care of feeding and cleaning of pets. 
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Introduction  
 
The genus Toxoplasma only contains one 
species, Toxoplasma gondii. Most 
mammals, including humans, dogs, and 
cattle are susceptible to infection by the 
intracellular parasite T. gondii. Because of 
the serious illnesses it causes, it is an 
important issue in public health worldwide. 
(1). Regular interaction with felines 
heightens the likelihood of transmission, 
since domestic cats can excrete T. gondii 
oocysts for a time of up to 21 days after 
being initially infected. (2,3). Three stages 
in T. gondii's life cycle have the potential to 
induce infection: tachyzoites, which 
infiltrate the host; bradyzoites, which remain 
inside the host; and sporozoites, which are 
shielded from the environment by an oocyst 
wall. T. gondii can be transmitted through 
vertical transmission (via the placenta) and 
horizontal transmission (by blood 
transfusions, organ transplants, oocysts in 
water, soil, or vegetation, and tissue 
cysts).(4,5). All felines are the only 
definitive host for the completion of the life 
cycle of T. gondii (6). Although clinical 
symptoms are uncommon, 
immunocompromised cats do occasionally 
have them (7). Cats commonly exhibit 
clinical symptoms such as both congenital 
and ocular toxoplasmosis, often 
accompanied by severe symptoms related to 
the respiratory and neurological systems (7). 
A low frequency of oocysts in fecal samples 
is likely attributable to the brief oocyst 
shedding period. Approximately one percent 
of a population's cats will be oocyst-
shedding at any one moment.(8). 

Toxoplasmosis diagnosis in the laboratory 
has made use of a number of techniques, 
including mice bioassay, microscopic 
detection, and polymerase chain 
reaction(9,10). Given the physical similarity 
between the oocysts of T. gondii and those 
of Hammondia hammondi and Besnoita 
spp., microscopic identification of the 
oocyst is not as reliable as bioassay and 
PCR(7,11). 
In the T. gondii population, three major 
clonal lineages are typically recognized for 
biological and epidemiological studies: Type 
I, Type II, and Type III. Type I clonal 
lineages include extremely dangerous strains 
such as RH, type II clonal lineages include 
non-pathogenic strains such as PLK and 
Beverley, and type III clonal lineages 
include avirulent strains such as VEG and 
CTG(12). These conventional genotypes 
have already been identified using 
restrictions fragment length polymorphism, 
(RFLP), which is frequently accustomed to 
identify the strain of T. gondii in PCR 
amplified SAG2 loci(13). The consequences 
of infection caused by Toxoplasma gondii 
are also influenced by the parasite's 
genotypes and genetic composition, which 
plays an important function in progression 
of toxoplasmosis(14–16). Comparing the 
molecular prevalence of T. gondii is the goal 
of current study in blood and feces of Pet cat 
and genotyping of local strains.  
 
Material And Methods 
Collection of Blood and Feces Samples 
Via vein punctures, blood samples (n=54) 
from pet cats were obtained in various 
veterinary clinics located in Kirkuk City. 
blood (2ml) was collected from each cat in 
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EDTA tube and kept in refrigerator at -20 
for the DNA extraction. Then, 10 ml of 
Anestane® was administered (Halothan 
100% BP stabilizing 0.01 thymol). 
Ansatane® is a product manufactured by Al-
Hekma business in Jordan. Anastane is 
regarded as the safest form of anesthetic, as 
it does not cause any alterations in blood 
composition or its contents for a duration of 
1-2 hours and a total of 54 fresh fecal 
samples collected from other cats during a 
period of February to June 2023. feces 
samples were collected in clean plastic cups. 
 
Molecular Diagnosis procedure 
Genomic DNA extraction 
Genomic DNA was isolated from whole 
blood samples that were collected in EDTA 
tubes using a commercially available 

purification (Add bioPrep Genomic DNA 
Extraction Kit, Korea). Faecal samples were 
also processed to extract DNA using the 
QIAamp Fast DNA Stool Mini Kit from 
Germany according to the manufacturer's 
instructions. The final pellets were kept at -
20. 

PCR Assay 
Preparation of primer: As per the 
guidelines provided by the synthesizer for 
primers. Free (ddH2O) was used to dissolve 
the lyophilized primers to achieve ultimately 
100 μM/µl concentration. This solution was 
then held as a stock solution at -20°C. Stock 
primers (10 μM/µl) were then diluted.  

Primers used in the current study: A part 
of the GRA6 gene was amplified to detect & 
genotype of T. gondii. 

 
 
Target 
gene  Sequence (5’-3’) Ta 

(ᵒC ) 
Produc
t size 

Accession 
number Reference 

GRA6 
F GTAGCGTGCTTGTTGGCGAC 

56 773 bp KX781158.1 (17) R TACAAGACATAGAGTGCCCC 
 
 
PCR master mix: Reaction mixture was 
done according to the company's 
instructions. GoTaq® G2 Green Master Mix 
(1X ,25 μl), forward primer and reverse 
primer (10 μM/μl, 4 μl) for each one, 
ddH2O (13 μl), and DNA (40 ng, 4 μl). PCR 
Thermocycler T100 Thermal cycler was 
then applied.  The nuclease-free water was 
used instead of DNA target as control 
negative in PCR Reaction. Initial 
denaturation (94ᵒC, 5 min, 1X), denaturation 
(94ᵒC, 30 sec, 35X), annealing (56ᵒC, 30 
sec, 1X), extension (72ᵒC, 1 min, 35X), 

extension (94ᵒC, 5 min, 1X), and final 
extension (72ᵒC, 5 min, 1X) was then 
applied. 
 
Restriction Fragment Length 
Polymorphism (RFLP): The restriction 
endonuclease MseI and DNA modification 
buffer were obtained from NEB, USA. 
Restriction digests were made at a final 
volume of 40 μl, or any larger amount that is 
a multiple of 40 μl, based on the specific 
requirements of the digests. To fulfill both 
preparative and analytical objectives, 
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samples were meticulously prepared to 
adhere to the specified requirements. A 
quantity of 1-3 μg of PCR product 
underwent digestion using appropriate 
restriction buffer (1X) and restriction 
enzyme (10 units). Then, the digests were 
incubated at 37°C (or the suitable 
temperature for the enzyme) for 3 h. The 
digests were then submitted to 
electrophoresis to observe and analyze the 
resulting products. At least three genotypes 
were expected to be obtained for each tested 
sample. 
 
Statistical analyses 
The analysis that is descriptive assessed the 
occurrence of parasites according to the kind 
of sample: Blood, feces, and sex of 
examined pets. Qualitative variable 
associations were assessed using X² tests in 
SPSS 26.0 (SPSS Inc., Chicago, IL, USA) to 
identify statistically significant differences 
(P-value <0.05). 

Results 
In this work, a sum of 108 cat samples were 
examined using molecular (PCR) test in 
which (6%) of the samples was positive for 
toxoplasmosis (Table 1). out of 54 fecal 
sample, 2% revealed a positive diagnosis of 
toxoplasmosis and out of 54 blood samples, 
9% were positive for toxoplasmosis. Two 
types of samples (blood and feces) were 
taken from tested pets. The current 
investigation demonstrated a greater 
occurrence of toxoplasmosis in the blood 
(9%) than in the feces (2%) with highly 
significant differences (x2 = 2.824, P-Value 
= 0.053). After performing PCR-RFLP 
bands 623 bp, 75 bp for the type II, 544 bp 
and 97 bp for the type III were detected 
(Figure 1). While, bands of 544 bp and 168 
bp type I not detected. So that the number of 
Toxoplasma infections of type II was 4/6 at 
a rate of 67% and type III was 2/6 at a rate 
of 33%. While, type I not detected (Table 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure.1: PCR-RFLP genotyping for T. gondii based on amplification of a partial portion of the 
parasite's GRA6 gene. Each genotype's fragments showing the following size: 544 bp and 168 bp for the 
Type I, 623 bp and 75 bp for the Type II, 544 bp, and 97 bp for the type III RedSafe (Intron, Korea) 
DNA dye was used on a 1.5% gel. Time: 45 min, V: 90. M: A ladder DNA 
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Table 1: Overall infection rate of toxoplasmosis in pet cats  
 

Sample type No. of Samples No. of Positive positive % 
Feces 54 1 2% 
Blood 54 5 9% 
Total 108 6 6% 

 
 
 
 
Table 2: Number of samples for I, II, and III types, and the number of unknown samples 
 

Samples Genotype I Genotype II Genotype III Unknown 

6 0 4 2 0 
Percentage 0 67% 33% 0 

 
Discussion  
 
In this research, PCR assay was carried out 
to estimate the prevalence of toxoplasmosis 
in Households cat and PCR-RFLP was used 
to identify the genotypes of positive 
samples.  The environment is widely 
contaminated by oocysts, which are expelled 
by domestic cats as well as other felidae 
family members (18).  Most oocysts are 
generated soon after the parasite is first 
acquired, reaching their highest level within 
a month after the first infection (19). The 
existence of diseased pets means that there 
is a risk to human population due to 
contaminated environment and small 
ruminants (20). Shedding of oocysts usually 
lasts no more than 21 days (21). Infected 
cats typically excrete oocysts only once 
during their lifetime and for a brief duration 
(22). Cats that are infected carry the 
bradyzoite stage of the parasite within their 
cells throughout long durations, and the 
latent infection can remain. The parasite's 
biological behavior can account for the 
greater incidence of its DNA in the blood of 

infected cats compared to their feces(23) . 
Research from all across the globe shows 
that the prevalence of cat toxoplasmosis 
ranges from 2.7% to 90%, depending on 
factors such as geographic location, climate, 
socioeconomic status, historical context, and 
testing methods used (24) The 
toxoplasmosis prevalence overall in this 
study was 6%. Present study documents 
higher occurrence of toxoplasmosis in the 
blood samples (9%) compared to fecal 
samples (2%). There is not enough data 
about distribution of toxoplasmosis among 
pet cats in Iraq. However, this study 
documents lower prevalence of 
toxoplasmosis in household cats than those 
conducted in Mosul city (22%) by (25) and 
(26) . The documented occurrence of T. 
gondii in cats across different regions of 
globe varies depending on the diagnostic 
techniques employed and the diversity in 
geographical, environmental, and dietary 
factors of the cats under investigation. The 
result of current study revealed greater than 
the prevalence reported in Switzerland 

Pearson Chi-Square = 2.824   P-Value = 0.053 

*Association is significant at the 0.05 level. 
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compared with previous molecular studies 
worldwide (0.58%) (27), Poland (2.4%) 
(28), Malaysia (4%) (29), Thailand (4.7%) 
(30), considerably lower than that reported 
in Italy (20.5%) (31).   
The parasite genotyped using in this work 
was GRA6 because of the significant 
polymorphism in the coding region of this 
gene. Compared to other investigated, 
Toxoplasma coding genes such as SAG1, 
SAG2, and GRA4, GRA6 exhibits greater 
variability (32). The rate of amino acid 
substitutions, namely non-synonymous to 
synonymous modifications, is significantly 
high. This observation indicates that the 
diversity in GRA6 genes among various 
isolates of T. gondii might have a significant 
impact on the parasite's survival, particularly 
within the parasitophorous vacuole (33). The 
result of this study showed that 67% of 
isolates was type II and 33% was type III. 
While, type I not detected after performing 
PCR-RFLP. The frequency of type II strain 
found in (4/6) 67% which is nearest to the 
result of study conducted by (34) in Wasit 
who recorded 80% of type II strain and 
agree with the research carried out by (35) 
who determined that, of all the genotypes, 
type II strain was the most prevalent. Many 
previous studies like (36) and (37) 
concluded that type II is the most 
widespread, 76.7% of cases in France and 
85.7% in Iran. Type III found in 33% (2/6) 
of isolates in contrast to another global 
research was greater than (38) . It has been 
found that type III strain was in 9% of the 
isolates (revise)and (39) who recorded 4% 
type III. sample size, pet nutrition, and 
geographic location Factors might provide 

an explanation for why this study's findings 
differ from those of previous investigations. 
 
Conclusion 
Owning pet cats has recently become a 
lifestyle for some Iraqis, especially women 
and cats are only final host that can excrete 
durable oocysts in environment. This poses 
a risk to those taking care of pet feeding and 
cleaning cat cages. Our results recorded the 
prevalence of toxoplasmosis in 6% of 
examined pets even though all pets were 
commercially feed also the study's findings 
supported the prevalence of the T. gondii 
type II strains, highlighting its higher 
occurrence compared to both type I and III. 
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) في قطط الزینة  Toxoplasma gondii(الانتشار الجزیئي والنمط الجیني لطفیلي داء المقوسة الغوندي 
 PCR-RFLPباستخدام اختبار 

 .2, منى محمد جوري 2, سوزان عبدالجبارعبدالعزیز 1فلاح حسن احمد

 العراق.  ،البصرةجامعة  –كلیة الطب البیطري  –فرع الاحیاء المجھریة -1

 ، العراق.جامعة البصرة –كلیة الطب البیطري  –طفیلیاتفرع ال-2

 الخلاصة 

 نظرا للعلاقة القویة ) ھو اخطر طفیلي یصیب القطط وبقیة الحیوانات بما فیھا الانسان .  T.gondiiداء المقوسة الغوندیة (        
النمط الجیني لھا في القطط المصابة.  بین القطط وأصحابھا، دفعنا لاستكشاف انتشار ھذه الطفیلیات في القطط المنزلیة وتحدید  

عن طریق استھداف   T.gondiiوالنمط الجیني لطفیلي    انتشار  المنزلیة لتحدید القطط  عینة براز من    54عینة دم و  54تم جمع  
تم فحصھا كانت مصابة ب   القطط التي% من  6ان    GRA6. اظھر تضاعف جین    RFLP-PCRباستخدام تقنیة    GRA6جین  

T.gondii    اختبار نتائج  نمط    RFLP-PCRواظھرت  تفوق  والنمط  67بنسبة    IIعن   %III    یتم    في    %33بنسبة لم  حین 
إلى تلوث البیئة من خلال إفراز في قطط الزینة    T.gondii. یمكن ان یؤدي انتشار طفیلي  المصابة  القططفي    Iاكتشاف النمط  

 البویضات في البراز، مما قد یؤدي إلى عدوى أصحاب القطط خاصة الذین یھتمون بتغذیة وتنظیف حیواناتھم الألیفة.

 . GRA6: قطط الزینة , داء المقوسة الغوندیة , تفاعل البلمرة المتسلسل, النمط الجیني, جین الكلمات المفتاحیة


