
 

 

INTRODUCTION 

 

Toxoplasmosis, which affects both humans and animals, is 

caused by the protozoan parasite Toxoplasma gondii (T. 

gondii), which resides inside cells (Lazar et al., 2021). It is 

the most prevalent parasite that mostly affects warm-blooded 

animals, including humans (more than 30 bird species and 

300 mammal species) (Hill et al., 2005). According to the 

Centers for Disease Control (CDC), this parasite infects about 

one-third of the world's population (Molan et al., 2019). T. 

gondii is one of the top "Five Neglected Parasitic Infections" 

because of its chronic nature and frequent dissemination, 

which is most common in places with inadequate sanitation 

(Foroutan et al., 2018). 

The life cycle of toxoplasma is very complex. Toxoplasma 

gondii is a cyst-forming protozoan found in tissue. The life 

cycle of T. gondii is divided into two phases: asexual and 

sexual. The asexual phase occurs in the tissues of intermediate 

hosts (omnivorous or herbivorous), while the sexual phase 

occurs in the intestines of definitive hosts (felids). The three 
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infectious phases of T. gondii life cycle are bradyzoites, 

tachyzoites enclosed in tissue cysts, and sporozoites 

contained in sporulated oocysts. The parasite can enter the 

intestines and then travel through the bloodstream to 

important organs like the brain and muscles. In most 

situations, infection does not manifest clinically, but it is 

possible to develop a life-threatening illness (Cenci-Goga et 

al., 2011). 

All warm-blooded vertebrates, including humans, may serve 

as intermediate hosts for T. gondii and possibly be infected by 

bradyzoites in meat, intrauterine tachyzoites, or sporulated 

oocysts, and felids are the definitive hosts (Dabritz and 

Conrad, 2010; Elmore et al., 2010). T. gondii can be 

transmitted in a variety of ways; the sexual cycle occurs in a 

definitive host, and the asexual cycle is completed in 

omnivorous or herbivorous hosts by meat consumption and 

vertical transmission (Baneth et al., 2016). All of these routes 

may work together to improve transmission, but they may 

also serve as a vehicle for selection, allowing strains in the 

environment to be separated (Lindsay and Dubey, 2011). 
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Toxoplasma gondii is the most prevalent parasite that mostly affects warm-blooded animals, including humans. According to 

the Center for Disease Control (CDC), this parasite infects about one-third of the world's population of people. Lack of 

information regarding toxoplasmosis in the population of domestic and stray dogs and cats in Khyber Pakhtunkhwa was a 

major factor in the decision to conduct this study. Our aim was to use serological technique to establish the seroprevalence of 

T. gondii in dogs and cats. In this study, 405 dogs and 405 cats, blood samples were collected from various veterinary hospitals 

and privates pet clinics and an ELISA test was used to determine anti-Toxoplasma IgG antibodies. Information on four risk 

factors age, sex, deworming of dogs and cats and, area was collected from the owners by questionnaire. Total seroprevalence 

in dogs, and cats was 45.18% (183/405), and 51.60% (209/405), respectively. No significant difference was documented on 

basis of age and gender between dogs, and cats. Dogs and cats from urban areas showed lower seroprevalence than rural areas. 

Dogs that had received deworming showed lower seroprevalence. This research indicates that neglected parasite Toxoplasma 

gondii is prevalent in dogs and cats in Pakistan, which may have great public health importance. 
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Humans contract toxoplasmosis by eating raw or 

undercooked meat, such as lamb or pork (Baneth et al., 2016). 

The presence of toxoplasmosis infection in human 

communities that do not consume meat or raw or uncooked 

meat, however, shows that infection acquired via the 

environment, such as through oocysts in water, soil, or 

uncooked vegetables, may also play a role in transmission. 

According to certain studies, only a small percentage of 

affected people (0.1%) are infected congenitally (Lindsay and 

Dubey, 2011). Toxoplasmosis infection is diagnosed by 

isolating the parasite from blood or fecal sample, performing 

serological tests, or using polymerase chain reaction to detect 

particular DNA (PCR). Toxoplasmosis is routinely diagnosed 

using serological techniques, such as the enzyme-linked 

immunosorbent assay (ELISA), indirect fluorescent antibody 

test (IFAT), Sabine Feldman dye test, or a variety of 

agglutination tests, which are available for both animals and 

humans. In most clinical laboratories, ELISA is employed for 

regular screening of particular immunoglobulin (Ig) G and 

IgM, whereas other technologies are normally retained for 

reference laboratories (Rafique et al., 2022). However, each 

of these tests has certain benefits as well as some drawbacks. 

The most dependable, useful, affordable, and commonly used 

test for determining whether animals have been exposed to T. 

gondii is the ELISA It is excellent for large-scale screening 

because only a small sample volume is needed, and the test 

can be semiautomated. Furthermore, ELISAs are beneficial in 

identifying the stage of infection since they can distinguish 

between immunoglobulin types. Sensitivity, specificity, and 

overall agreement (often represented by the Kappa statistic) 

with a reference test are all indicators of test performance. 

Commercial ELISA kits are now readily accessible for the 

detection of T. gondii antibodies in domesticated animals, 

making routine and extensive screening more feasible 

(Liyanage et al., 2021). 

Preventing oocyst shedding is critical for reducing T. gondii 

infection in humans (Tenter et al., 2000). Cats that hunt 

wildlife and live in the wild or on farms are at a higher risk of 

contracting T. gondii Parasites. Kittens produce more oocysts 

and are more susceptible to infection than adults. Efforts to 

produce a T. gondii vaccine for cats should be continued, 

resulting in improved human protection (Robert-Gangneux 

and Darde, 2012). 

A dog can act as a mechanical vector for T. gondii, and due to 

its close contact with humans and other animals, it is a key 

risk factor for the transmission of this protozoan. For 

Toxoplasma oocytes assessment, both dogs and cats are 

sentinel creatures because most pet owners keep their dogs 

and cats in the same place. The owners, dogs, and cats are in 

close proximity to one another, which provides the perfect 

environment for toxoplasmosis to spread. Also, in outdoor 

environments, all three share the same atmosphere, which 

rises the spread of Toxoplasma (Hamidullah et al., 2022). The 

prevalence of infection by T. gondii, which is widespread and 

occurs in different climates, is higher in felines than other 

animials and also in humans. The T. gondii infection has 

affected more than 6 million people worldwide. Toxoplasma 

seroprevalence, as determined by IgG antibodies, has 

variation worldwide. The prevalence of T. gondii was 

recorded as 47% in France, 46% in Tanzania, 30% in Europe, 

23.9% in Nigeria, 12.3% in China, 10% in the United States, 

and 6.7% in Korea (Raza et al., 2022). According to numerous 

studies conducted across the world on the prevalence of pet 

toxoplasmosis, the seroprevalence of the disease ranges from 

8% to 47% in dogs and 12.5% to 51% in cats, respectively 

[Ahmad et al., 2014; Zarra-Nezhad et al., 2017; Huertas-

López et al., 2021; Hamidullah et al., 2022; Konate et al., 

2023; Raza et al., 2023; Turlewicz-Podbielska et al., 2023]. 

Recently, Hamidullah et al. (2022) from Pakistan, reported 

22.5% and 21.8% seroprevalence of T. gondii in dogs with 

LAT and ELISA tests, respectively. Lack of information 

regarding toxoplasmosis in the population of domestic and 

stray dogs and cats in Khyber Pakhtunkhwa was a major 

factor in the decision to conduct this study. Our aim was to 

use serological technique (ELISA) to establish the 

seroprevalence of T. gondii in dogs and cats. 

 

MATERIALS AND METHODS 

 

Study Site: Province: Khyber Pakhtunkhwa (KPK) is one of 

Pakistan's four administrative provinces. It is situated in the 

western part of the country and shares a border with 

Afghanistan. Geographically speaking, it is the smallest of the 

four provinces, but in terms of population and economic 

output, it ranks third in Pakistan. An equal number of dogs 

and cats were collected among the three study districts 

(Mardan, Swabi, and Nowshera) (Figure 1). 

Sample type and sample size: To determine sample size, the 

following formula was used (Daniel and Cross, 2018). 

n =
Z2 P(1 − P)

d2
 

Where n = sample size, Z = confidence level, P = expected 

prevalence and d = precision. 

If no prevalence study is not conducted then Z=1.96 value for 

95% confidence limits, the prevalence is assumed to be 50% 

and then P = Estimated prevalence (e.g., 0.5 for 50%) and 

Desired precision = d = (e.g., 0.05 for ± 5%) (Thursfield, 

2018). 

n =
1.962 ×0.5(1−0.5)

0.052  = 384 

According to the formula, the sample size calculated was 384. 

In this study, a total of 810 samples from dogs and cats were 

collected between September 2019 and September 2020. 

Before the conduct of the study, permission obtained from the 

district director of livestock, who informed all veterinary 

doctors and veterinary assistants in the study area. To that end, 

the study included client-owned dogs who came to the Civil 

Veterinary Hospital in each district for vaccinations and 
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routine check-ups. Each dog and cat owner who provided a 

sample of their dog and cat was spoken to about the present 

research topic and asked to sign an informed consent form that 

included all of the written information about the study. A 

veterinary doctor or assistant, assisted in the collection of 

blood samples from dogs and cats. Stray dogs and cats were 

excluded from this study. 

Laboratory testing: A 3ml blood sample was collected from 

dogs and cats and transferred to a gel tube. Samples were 

carried to the laboratory, kept overnight at 4°C, and 

centrifuged at 2000 rpm for 4 min. The collected sera were 

stored at −20°C until testing. Serum was tested using an 

indirect commercial IgG ELISA kit (IDvet Innovative 

Diagnostics, ID Screen®, France) for detection of IgG 

antibodies against T. gondii. The ELISA was conducted 

according to the methods described by the manufacturer 

(Hamidullah et al., 2022). Before the start of the test, the 

serum was placed outside the refrigerator to reach room 

temperature, which is 21°C (±5°C). All reagents were 

homogenized using vortexing. IgG diluent was used to dilute 

the test sera by a factor of 1+20. Added 190µl of dilution 

buffer 2 and 10 ml of the negative control to wells A1 and B1, 

190µl of dilution buffer 2 and 10µl of the positive control to 

wells C1 and D1, and 190µl of dilution buffer 2 and 10µl of 

each test sample to the remaining wells. Plate was covered 

and left in an incubator for 45±5 minutes at 21°C (±5°C). 

Each well was washed three times with 300µl of the wash 

solution. Concentrated conjugate 10X is diluted to 1/10 in 

dilution buffer 3 to create conjugate 1X. The conjugate 1X 

(100 µl) were added to each well. Covered the dish and left it 

in an incubator for 31°C (±5°C). Each well was washed three 

times with 300µl of the wash solution. Each well received 

100µl of the substrate solution. Covered the plate and left it 

in the dark for 15±2 minutes at 21°C (±5°C). To halt the 

reaction, 100µl of the stop solution were added to each well. 

The stop solution was added in the same order. At 450 nm, 

the O.D. was read and recorded. 

Statistical Analysis: The proportion of T. gondii seropositive 

dogs and cats and possible risk factors were evaluated by chi-

square using Fisher’s exact test. Statistical significance was 

defined as a p-value of 0.05. STATA version 17 was used for 

all data analysis (Stata Corporation, College Station, Texas, 

USA). 

 
Figure 1. Map of Pakistan (green), indicating the location 

of the province of Khyber Pakhtunkhwa (KPK) 

(yellow) containing the three study districts: 

Nowshera (black), Swabi (blue), and Mardan 

(orange)  

District wise Prevalence of Toxoplasma gondii: In dogs, the 

seroprevalence of T. gondii in districts Mardan, Swabi, and 

Table 1. District wise Prevalence of Toxoplasma gondii 

Districts No. of 

samples 

Dogs positive 

samples 

Prevalence 

(%) 

95% CI P-

value 

Cats positive 

samples 

Prevalence 

(%) 

95% CI P-value 

Mardan 135   64 47.40 0.391-0.557  

0.90 

  67 49.62 0.413-0.579  

0.91 Swabi 135   61 45.18 0.370-0.536   73 54.07 0.456-0.622 

Nowshera 135   58 42.96 0.328-0.491   69 51.11 0.427-0.593 

Total 405 183 45.18 0.409-0.506  209 51.60 0.467-0.564  

 

Table 2. Risk Factors of Toxoplasma gondii in dogs. 

Sr. Questions Total Positive Percentage (%) 95% CI P-value (Chi-square) 

1 Years 

1-2 

3-4 

Greater than 4 

 

126 

181 

98 

 

41 

87 

55 

 

32.53 

48.06 

56.12 

 

0.249-0.411 

0.409-0.553 

0.462-0.655 

 

 

0.0700 

2 Gender 

Male 

Female 

 

215 

190 

 

108 

  75 

 

50.23 

39.47 

 

0.436-0.436 

0.327-0.465 

 

0.1000 

3 Area 

Rural 

Urban 

 

275 

130 

 

149 

  34 

 

54.18 

26.15 

0.482-0.599 

0.193-0.343 

 

0.0007 

4 Deworming 

Yes 

No 

 

151 

254 

 

  57 

126 

 

37.74 

49.60 

 

0.304-0.457 

0.435-0.559 

 

0.1400 
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Nowshera is 47.40% (64/135, 95% CI: 0.391%-0.557%), 

45.18% (61/135, 95% CI: 0.370%-0.536%), and 42.96% 

(58/135, 95% CI: 0.328%-0.491%), and 49.62% (67/135, 

95% CI: 0.413%-0.579%), 54.07% (73/135, 95% CI: 0.456%-

0.622%), and 51.11% (69/135, 95% CI: 0.427%-0.593%) in 

dogs and cats, respectively. Overall prevalence of T. gondii in 

the three districts was 45.18% (183/405, 95% CI: 0.409%-

0.506%) and 51.60% (209/405, 95% CI: 0.467%-0.564%) in 

dogs and cats. There was no significant difference in 

seroprevalence of T. gondii between the three districts (P> 

0.05) (Table 1). Table 2 shows that the seroprevalence of T. 

gondii in dogs with risk factors. Comparing the total 

seropositive (183 subjects) with seronegative populations 

(222 subjects), the chi-square analysis confirmed that area 

(rural vs. urban) (p < .05) was a risk factor associated with T. 

gondii infection in our study. All other risk factors (age, 

gender, and deworming) were not statistically significant (P> 

.05) in this study. In cats, seropositive (183 subjects) and 

seronegative populations (222 subjects) were compared. The 

regression analysis confirmed that area (rural vs. urban) (p < 

.05) and deworming (p < .05) (yes vs. no) were risk factors 

associated with T. gondii infection in this study. All other risk 

factors, including age and gender, were not statistically 

significant (P> .05) in our study (Table 3). 

 

DISCUSSION 

 

There is always a requirement for T. gondii parasite 

prevalence in dogs and cats due to their role in oocyst 

adulteration of the environment and in human infection 

transmission (Miro et al., 2004). Serodiagnosis is a good and 

reliable way to detect T. gondii infection in cats and dogs 

because clinical signs and symptoms cannot be used to 

diagnose the infection. Various tissues can be examined in 

order to diagnose T. gondii infection; however, doing so 

necessitates the death of the animals. As in the present work, 

we used more precise, contemporary, trustworthy, and 

sensitive procedures like indirect ELISA. In contrast to the 

current study, Ahmad et al. (2001) and Ahmad et al. (2014) 

showed that dogs and cats from the Faisalabad district and 

Khyber Pakhtunkhwa province had seroprevalence rates of 

50% and 60%, and 28.43% and 26.43%, respectively. In the 

present study, the overall seroprevalence of T. gondii 

infection in cats was 51.60%, which was lower than that 

observed in KPK (74.6%), and Faisalabad (60%) [Ahmad et 

al., 2001; Shahzad et al., 2006], but higher than that observed 

in KPK (12.22%) and Sub-tropical Arid parts (26.43%) 

[Ahmad et al., 2014; Raza et al., 2022]. Recently, Majid et al. 

(2021) recorded 58.37% of cats seropositive against anti-

Toxoplasma IgG antibodies, comparable to this study. Many 

research studies carried out in various parts of the world have 

found cat seroprevalence, including those conducted in Iran 

(Raeghi et al., 2011), Korea (Lee et al., 2010), China (Zhou 

et al., 2009), the Czech Republic (Sedlak and Bartova, 2006), 

Brazil (Pena et al., 2006), France (Afonso et al., 2006), Spain 

(Miro et al., 2004), and Japan (Maruyama et al., 2003).  

The total prevalence of T. gondii infection in dogs in this 

study was 45.18%, which was lower than that reported in 

Faisalabad, Pakistan (50%) and many other countries, such as 

Brazil (70.85%) and Senegal (67%) [Ahmad et al., 2001; 

Rodrigues et al., 2016], higher than that in Sub-tropical Arid 

parts (28.43%), and Lahore (39%), and Poland (28.92%) 

[Shahzad et al., 2006; Ahmad et al., 2014], but comparable 

with that detected in Lahore (46.88%) and 43% in Brazil 

(Jadoon et al., 2009). Likewise, seroprevalence studies in 

dogs was also conducted in China (Wu et al., 2011), Iran 

(Hosseininejad et al., 2011), the Czech Republic (Sedlak and 

Bartova, 2006), Sri Lanka (Silva et al., 1997), and Nigeria 

(Ogunrinade, 1978). It's possible that changes in the 

proportion of stray vs. domesticated animals, the persistence 

of oocysts in the environment, and the diagnostic procedures 

used account for differences in seroprevalence in cats and 

dogs across the globe (Dubey, 2004). The seroprevalence of 

T. gondii in cats is higher than in dogs in this study, as 

Table 3. Risk Factors of Toxoplasma gondii in cats 

Sr. Questions Total Positive Percentage (%) 95% CI P-value (Chi-square) 

1 Years 

1-2 

3-4 

Greater than 4 

 

164 

150 

91 

 

75 

91 

43 

 

45.73 

60.00 

47.25 

 

0.382-0.533 

0.526-0.681 

0.373-0.574 

 

 

0.20000 

2 Gender 

Male 

Female 

 

189 

216 

 

83 

126 

 

43.91 

58.33 

 

0.370-0.510 

0.516-0.647 

 

0.10000 

3 Area 

Rural 

Urban 

 

207 

198 

 

154 

55 

 

74.39 

27.77 

 

0.680-0.798 

0.220-0.344 

 

0.00001 

4 Deworming 

Yes 

No 

 

179 

226 

 

41 

168 

 

22.90 

74.33 

 

0.173-0.296 

0.682-0.795 

 

0.00001 
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supported by different studies conducted in various countries, 

i.e., Poland, Eastern China, Malaysia, and Thailand 

(Chandrawathani et al., 2008; Liu et al., 2014; Huertas-López 

et al., 2021; Turlewicz-Podbielska et al., 2023). The 

variations in ecological and geographic parameters, the types 

of serologic tests employed, and the living circumstances of 

dogs and cats are likely to account for the differences in 

seroprevalence of T. gondii in dogs and cats (Liu et al., 2014). 

However, seroprevalence tends to be higher in cat populations 

because they hunt prey for food. Regarding the cats hunting 

habits, 86% of the respondents had observed a cat hunt small 

animals (Byström, 2023). The cats were reported to hunt rats, 

snakes, lizards, birds, frogs, grasshoppers, and chameleons 

(Byström, 2023). 

The higher likelihood of parasite interaction with age may 

explain the lower incidence seen in cats and dogs older than 

one year (Ahmand et al., 2014). In a similar study, Wu et al. 

(2011) and Pena et al. (2012) found that elderly dogs and cats 

had increased seroprevalence. But in our study, the 

seroprevalence was higher in 3–4-year-old cats than in cats 

older than 4 years. 

In our study, the difference was between male and female 

seropositivity, both in dogs and cats. In contrast to the current 

study, Ahmad et al. (2014) and DeFeo et al. (2002) showed 

that dogs and cats from Khyber Pakhtunkhwa province and 

Rhode Island had the same seroprevalence rates in gender 

groups, both in dogs and cats. Gender of dogs and cats was 

not associated with seroprevalence in our study, compared 

with the studies that correlate with the reports of Wanha et al. 

(2005), Dubey (1985), and Ahmed et al. (1983). Due to two 

factors, rural locations have higher environmental oocyst 

densities than metropolitan areas, which results in higher 

seroprevalence in cats and dogs from such places. In rural 

locations, domestic and wild felid populations are typically 

high. Second, metropolitan locations have less exposure to 

soil, which lowers the likelihood of coming into contact with 

oocysts, which are more frequently found in soil. Ahmad et 

al. (2014) reported considerably greater seroprevalence in 

rural dogs and cats, and this finding is consistent with the 

current investigation. Opsteegh et al. (2012) and Gyroke et al. 

(2011) also recorded greater seroprevalence in cats in rural 

areas. 

In this study, a difference was found between the deworming 

group (yes vs. no) and seroprevelance both in dogs and cats. 

The animals that received deworming have a lower 

prevalence than those did not receive deworming. Similar 

studies were conducted, and the same result was found by 

Ahmad et al. (2014). In addition to demonstrating the 

prevalence of T. gondii infection in dogs and cats in Khyber 

Pakhtunkhwa, Pakistan, our study identified potential risk 

factors that may contribute to the spread of infection in these 

animals. This knowledge could be used as a guide when 

developing control measures to reduce the likelihood that 

humans would contract this significant zoonosis. 

Conclusion: Our findings generally indicated that infection is 

widespread in dogs and cats in the study locations and has 

contaminated the environment. Because of this, the human 

population is more susceptible to infection. In order to predict 

the future strategy for prevention and management of this 

zoonotic parasite in Pakistan, our work encourages further 

serological and molecular diagnosis of acute and chronic 

toxoplasmosis as well as genotyping of T. gondii strains from 

various hosts. 
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