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Abstract: Toxoplasma gondii is an intracellular obligate parasite that causes toxoplasmosis, a zoonotic
infection that affects warm-blooded animals and humans worldwide. To comprehensively char-
acterize the disease condition in Pakistan for future reference, we ascertained the prevalence of
Toxoplasma infection and predisposing factors in the Pakistani population over a 20-year period. We
systematically reviewed research articles published in English (2000-2020) from PubMed and Google
Scholar. The search results 26 publications involving 10,924 people and 2611 seropositive cases. The
toxoplasmosis seropositivity rate was higher in women (25.44%) as compared to men (21.48%) and
were statistically significant (p < 0.001). Furthermore, seropositivity was high among people with
direct contact with cats, who consumed uncooked meat and raw vegetables, had poor education, and
lived in rural areas. The 35-65-year age group had the highest prevalence rate of T. gondii infection.
Toxoplasma infection was significantly more prevalent in Khyber Pakhtunkhwa province (25.87%)
than in Punjab (20.42%) (p < 0.001). This is the first comprehensive analysis of T. gondii infection
epidemiology in Pakistan. It reveals a high frequency of infection among women. We strongly
encourage further research to aid patient care and the development of more efficient diagnostic tests
and preventative techniques.

Keywords: toxoplasmosis; humans; male; female; Toxoplasma gondii; prevalence; epidemiology; Pakistan

1. Introduction

Toxoplasma gondii (T. gondii), is a widely prevalent zoonotic infection affecting warm-
blooded animals and humans globally [1,2]. T. gondii is transmitted to humans through
contaminated water, raw vegetables containing the oocysts in cat feces, and undercooked
and raw meat contaminated with tissue cysts [3] or vertically transmitted from the mother
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to the fetus. In addition, blood transfusions may also be reported as the potential route
for transmission of T. gondii [4,5]. The intracellular obligate parasitic protozoa T. gondii
affects many hosts [6]. Wild felines or cats are the definitive hosts of T. gondii, and as
warm-blooded animals, humans are the intermediate host [7]. Other animals such as mice,
goats, cattle, pigs, rats, and sheep also transmit toxoplasmosis [8—-10]. Several factors are
associated with Toxoplasma prevalence, including low socioeconomic status, gardening,
nutritional habits, contact with domestic animals, and poor hygienic conditions [11]. In
addition, geographic and climatic conditions also influence toxoplasmosis transmission [12].
Toxoplasmosis screening is critical for reproductive-age women, for whom testing identifies
those at risk of infection and aids the management of innate toxoplasmosis [13].

The symptoms and signs of toxoplasmosis range from asymptomatic to life-threatening
infections [6]. Several factors are associated with progress in toxoplasmosis, including
Toxoplasma strain virulence and inoculum size, host immune system status, and genetic
background [13]. The common symptoms include low fever, weakness, headache, myalgia,
generalized lymphadenopathy, and serious defects such as chorioretinitis, pneumonia,
and encephalitis [14]. Toxoplasmosis can lead to epilepsy, hydrocephaly, internal calcifi-
cation, maternal death, mental retardation blindness, or spontaneous abortions during
gestation [15]. Typically, toxoplasmosis is asymptomatic in infants at birth but later causes
serious illness, ocular manifestation, headache, and other symptoms [16]. T. gondii leads
to severe congenital disabilities such as hydrocephaly. In immunocompromised patients,
toxoplasmosis presents symptoms such as apathy, seizures, confusion, visual disorder,
dyspnea, personality changes, and diarrhea [17,18]. Up to 40% of patients with AIDS
develop T. gondii encephalitis [3]. T. gondii is also a risk factor for personality changes,
reduced intelligence, and schizophrenia [19].

T. gondii demonstrates cosmopolitan distribution worldwide [6,8,20]. At the global
level, approximately 6 billion people are infected with T. gondii. Toxoplasmosis is prevalent
in every country, and its seroprevalence in developing countries is quite high compared to
that in developed countries. However, in developed and developing nations, the prevalence
of toxoplasmosis ranges between 30 and 60% [21]. Its prevalence is 81% in Korea and 10.8%
in the US [1]. The seroprevalence of Toxoplasma differs significantly among different age
groups within the same area and different geographic regions within a country [22].

Few studies from Pakistan have reported that toxoplasmosis prevalence was
11.33-29.45% [9,23]. Furthermore, the seroprevalence of T. gondii in pregnant women
varies; Punjab province reported the highest seroprevalence (63%), followed by Khyber
Pakhtunkhwa (KPK, 38%) and Azad Jammu and Kashmir (AJK, 48%) [24]. With a total
population of over 200 million people and a growth rate of approximately 2.04%, Pakistan
is now ranked as the fifth most populated country globally [25,26]. On the other hand,
Pakistan’s subtropical, tropical, humid, and rainy climate is changing, and environmental
degradation, rising temperatures, ecological imbalance, changing the biodiversity, and
other environmental variables affect the emergence of potential pathogens. However, there
is a paucity of available studies and data, and toxoplasmosis prevalence in the human popu-
lation of Pakistan remains uncertain. We conducted a systematic review and meta-analysis
to ascertain the possible risk factors for T. gondii infection in the Pakistani population.

2. Results

The systematic review and meta-analysis evaluated 26 out of 1606 articles published
from the years 2000 to 2020, as shown in Table 1. In total, the meta-analysis involved
10,924 people and 2611 seropositive cases (23.9%). All descriptive studies on prevalence
and epidemiology of human toxoplasmosis in Pakistan were included.
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Table 1. Baseline characteristics of studies included in the systematic review and meta-analysis.

Author References Year of Location Diagnostic Disease/ Sex Total Positive Prevalence
Publication Method Species Name Individuals Cases (%)
Khan et al., 2011 [15] 2011 Kohat ELISA T. gondii Female 180 26 14.40%
2011 Dera Ghazi Khan LAT T. gondii Female 102 31 30.39%
Tasawar et al., 2011 [27]
2011 Dera Ghazi Khan LAT T. gondii Male 98 28 28.57%
2012 Rajanpur, Bahawalnagar, Shujabad, Multan ~ LAT T. gondii Female 355 92 25.90%
Tasawar et al., 2012  [28]
2012 Rajanpur, Bahawalnagar, Shujabad, Multan ~ LAT T. gondii Male 195 70 35.89%
2012 Muzaffargarh LAT T. gondii Female 50 17 34%
Tasawar et al., 2012 [23]
2012 Muzaffargarh LAT T. gondii Male 50 20 40%
Ahmad etal,, 2012 [9] 2012 Lahore LAT T. gondii Maleand 4, 34 11.30%
Female
Malakand Agency, Batkhela, Bahadur Khan, ICA, LAT, . o
Khan et al., 2014 [24] 2014 Rozi Khan Memorial Hospital ELISA T. gondii Female 420 276 65.71%
Kallarwali, Muzaffar Garh LAT T. gondii Female 75 30 40%
Hayat et al., 2014 [29] 2014
Kallarwali, Muzaffar Garh LAT T. gondii Male 75 33 44%
Faisal et al., 2014 [30] 2014 Swabi LAT T. gondii Female 805 155 19.25%
Majid et al., 2016 [31] 2016 Upper Dir, Lower Dir, Swat IFA Kit T. gondii Female 733 135 18.41%
Shah et al., 2016 [32] 2016 Chitral LFCI T. gondii Female 300 74 24.70%
Khattak et al., 2017 [33] 2017 Mardan, Katlang, Takht Bhal LAT T. gondii la:regliileale 600 107 17.83%
Nazir et al., 2017 [34] 2017 i’;‘;l;zﬁ Muzaffargarh, Dera Ghazi Khan, 160 T. gondii Female 403 71 17.60%
Mardan LECI, LAT T. gondii Female 225 36 16.00%
Shah et al., 2017 [35] 2017
Mardan LFCI, LAT T. gondii Male 375 69 18.40%
Shah et al., 2017 [36] 2017 Swabi LFCI T. gondii Female 100 12 12%
Khan et al., 2018 [37] 2018 District Bannu RDT T. gondii Female 90 3 1.77%
2018 District Bannu RDT T. gondii Male 80 1 0.59%

Rehman et al., 2018  [38] 2018 Mardan ELISA T. gondii Female 360 86 23.89%
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Table 1. Cont.

Author References Year of Location Diagnostic Disease/ Sex Total Positive Prevalence
Publication Method Species Name Individuals  Cases (%)
Aleem et al., 2018 [39] 2018 Matta, Upper Swat LAT T. gondii Female 360 170 47.20%
Faisal et al., 2018 [40] 2018 Charsadda, Shabqadar, Tangi LAT T. gondii 1: E?iile 200 69 34.50%
Sadiqui et al., 2018 [41] 2018 Mansehra, Hazara, Abbottabad ICA, ELISA T. gondii Female 500 124 24.85%
Jan et al., 2018 [42] 2018 Charsadda, Shabqadar, Tangi LAT T. gondii Male 300 63 21%
Jhelum, Chakwal, Rawalpindi, Attock, .. Female o

Ahmad et al., 2019 [43] 2019 Tslamabad Capital Territory ELISA T. gondii and Male 1659 338 20.37%
Ali et al., 2020 [3] 2020 Chiniot, Faisalabad, Jhang and Okara ELISA T. gondii Female 593 44 7.42%

[44] 2020 Mardan ELISA T. gondii Female 360 25 6.94%
Rehman et al., 2020

[45] 2020 Mardan ELISA T. gondii Female 360 86 23.90%
Ullah et al., 2020 [46] 2020 Swat LFCI T. gondii Female 216 26 26%
Khan et al., 2021 [22] 2021 Lower Dir ELISA T. gondii Female 405 231 57.03%

ELISA = Enzyme-linked immunosorbent assay, LAT = latex agglutination test, RDT = rapid diagnostic test, LFCI = lateral flow chromatographic immunoassay, IFA = immunofluorescence
assay, ICT = immunochromatographic assay.
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The studies were conducted in two provinces: KPK (women = 7985; men = 2039)
and Punjab (women = 900; men = 900). Toxoplasmosis prevalence was higher in women
(25.44%) and relatively lower in men (21.48%), whereas the combined prevalence for both
genders was 15.67% (cf. Table 2).

Table 2. The estimated pooled effect size of the prevalence of toxoplasmosis infection in male
and female population and detection methods in various regions of Pakistan through subgroup
meta-analysis.

No. of Sample Positive Prevalence  Cochran

Type of Infection Humans Studies Size Cases (%) Q Statistic I Statistic  p-Value t Tau?
Female 23 7985 2032 25.44 931.56 97.6% <0.0001 0.0303
Toxoplasmosis Male 08 2039 438 21.48 97.54 92.8% <0.0001 0.0148
Female and Male 02 900 141 15.67 6.68 85.0% 0.0098 0.0035
LFCI 4 1216 247 20.31 15.07 80.1% 0.0018 0.0038
ELISA 10 5240 1306 24.92 752.36 98.8% <0.0001 0.0420
. LAT 12 4585 1300 28.35 500.17 97.8% <0.0001 0.0299
Detection method
2 920 400 4347
ggmqgrng?A, 1 170 4 235 398.88 99.2% <0.0001 0.0773
’ 1 733 135 18.41
<200 5 700 142 20.29 117.73 96.6% <0.0001 0.0513
Sample size 200-400 10 2956 722 2442 221.35 95.9% <0.0001 0.0200
p 400-600 8 4071 1119 27.47 673.30 99.0% <0.0001 0.0469
>600 3 3197 628 19.64 1.31 0.0% 0.5199 0
Resid . Urban 7 1287 110 8.54 13.07 54.1% 0.0420 0.1502
esidence Rural 7 1585 264 16.65 13.07 54.1% 0.0420 0.1502
Education * Literate 6 1935 355 18.34 82.28 93.9% <0.0001 1.3105
ucation Illiterate 6 2043 449 21.97 82.28 93.9% <0.0001 1.3105
Contact ‘iV“h Female and Male 10 3043 711 23.36 146.89 93.9% <0.0001 0.0130
animals
Undercooked meat
and raw vegetable  Female and Male 989 295 29.82 64.34 93.8% <0.0001 0.0286
consumption
Geographical KPK 18 6969 1803 2587 843.13 98.0% <0.0001 0.0318
region of Pakistan
Punjab 8 3955 808 20.42 187.58 96.3% <0.0001 0.0150

t p-value of heterogeneity statistic, * Education and Residence (Khan et al., 2021) were excluded due to incomplete data.

Toxoplasmosis seroprevalence was 6%, 19.07%, 25.82%, and 19.93% in the 25-40-,
35-65-, and >66-year age groups, respectively. The T. gondii infection prevalence rate was
highest in the 35-65-year age group.

Gender-based association was statistically significant (p < 0.05). In contrast, the low
prevalence rate in the combined female and male group (15.67%) was statistically signifi-
cantly different (p < 0.0001). The meta-analysis demonstrated that the overall prevalence
of toxoplasmosis in Pakistan was greater in the female population (25.44%) than in the
male population (21.48%). In men and women combined, the association was statisti-
cally significant (women: Q statistic = 931.56, p < 0.001, tau? = 0.0303, I2 = 97.6%; men:
Q statistic = 97.54, p < 0.001, tau® = 0.0148, I? = 92.8%) (cf. Table 2; Figure 1a,b). However,
thirty-three studies with a sample size of approximately 900 reported a prevalence of 15.6%
for both genders combined (male and female) (Q statistic = 6.68, p < 0.001, tau? = 0.0035,
I? = 85%) (cf. Table 2; Figure 1c).

The included studies used a variety of serological diagnostic assays for determining
anti-T. gondii IgG serum antibody levels. Enzyme-linked immunosorbent assay (ELISA,
24.92%, n = 5240) was the most used detection method, followed by the latex aggluti-
nation test (LAT, 28.35%, n = 4585), lateral flow chromatographic immunoassay (LFCI,
20.31%, n = 1216), immunochromatographic assay (ICA, 43.47%, n = 920), rapid diag-
nostic test (RDT, 2.35%, n = 170), and the indirect fluorescent antibody test (IFA, 18.41%,
n = 733) (Q statistic = 15.07-752.32, p < 0.001, tau?® = 0.0038-0.0773, I* = 80-99%) (cf. Table 2;
Figure 2a—d).



Pathogens 2022, 11, 675 60f17

Study Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Study Events Total Weight IV, Random, 95% CI IV, Random, 95% Cl Khan et al., 2018 180 11.7% 0.013[0.000; 0.068] -
Ullah et al., 2020 56 216  4.4% 0.259([0.202; 0.323] -.— Tasawar et al., 2012 20 50 10.6% 0.400 [0.264; 0.548] +
Maiid et al., 2016 135 733 4.5% 0.184[0.157;0.214] Tasawar et al., 2012 70 195 13.1% 0.359[0.292; 0.431] -
Khan et al., 2018 390 4.1% 0033[0.007;0004] B Shah etal., 2018 69 375 13.6% 0.184[0.146;0.227] B
Khan et al., 2011 26 180 4.3% 0.144[0.097;0.204] Tasawar et al., 2011 28 98 12.1% 0.286[0.199; 0.386] ——
Faisal et al., 2014 155 805  4.5% 0.193[0.166;0.222) Hayat et al., 2014 33 75 11.6% 0.440[0.325; 0.559] o —l—
Nazir et al., 2017 71 403 4.4% 0.176[0.140;0.217) B Jan et al., 2018 63 300 13.4% 0.210[0.165;0.261] —_—
Shahetal., 2016 74 300 4.4% 0.247[0.199;0.299] B Ahmad et al., 2019 154 866 13.9% 0.178[0.153;0.205] —+H
Khan et al., 2014 276 420 4.4% 0.657 [0.610;0.702] - i
Tasawar et al., 2012 1750 3.9% 0:340[0.212;0.488] —— Total (95% CI) 2039 100.0% 0.236 [0.164; 0.317) -
Rehman et al., 2020 25 360 4.4% 0.069[0.0450101) R Heterogeneity: Tau® = 0.0148; Chi® = 97.54, df =7 (P < 0.01); F=93% ! ! J ! L
Rehmanetal, 2020 86 360 4.4% 0.239 [0.196; 0.286] B 0 02 04 08 08 1
Rehmanetal, 2018 86 360 4.4% 0.239[0.196; 0.286] — Proportion
Tasawaretal, 2012 92 355 4.4% 0.259 (0.214;0.308) 3
Aleem et al., 2018 170 360 4.4% 0.472(0.420;0.525) =B (b)
Ahmad et al., 2019 184 793  4.5% 0.232(0.203;0.263]
Shah etal., 2017 36 225 44% 0.160[0.1150215)
f_ha"e‘ 3'~2|°‘27H ‘f :02 :-s:f ”»‘23 [0-2'13;? 0-2001 ‘.‘_._ Study Events Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Hisyzvtv:;:\razmg ;o gs 4:1°/: g:jgo Egjzesg 8:5(2’31 —— Anmad et al, 2012 3 300 475% 011300600155 [t
Khan et al., 2021 230 405 4.4% 0.568 (0.518;0.617) : B Khattak etal, 2017 107 600 52.5% 0.178[0.149;0.211] =
Alietal., 2020 44 503 45% 0.074[0.054;0.098]
Sadiqui et al., 2018 124 500 4.4% 0.248[0.211;0.288] B Total (95% CI) 900 100.0% 0.146 [0.089; 0.215] -
i . .
Falseletal. 2018 03 200; A% 0HB[027%0415) - Heterogeneily: Tau® = 0.0035; Chi = 6.68,df = 1 (P <001); F=85% | T T L1 1
Total (95% Cl) 7985 100.0% 0.246 [0.186; 0.311] - 0 0z o4 IO'B 08 1
Heterogeneity: Tau’ = 0.0303; Chi” = 931,56, df = 22 (P < 0.01); I = 98% | I J [ ) 1 Propartian
0 02 04 08 08 1

(a) (c)

Figure 1. Forest schematic graph showing the prevalence of T. gondii infection in (a) females (b) males
(c) both genders [3,9,15,22,24,27-34,36-46].
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Figure 2. Forest schematic graph showing the different diagnostic techniques for detection of T. gondii
infection. (a) LFCI, (b) other than LFCI, ELISA, and LAT (c) LAT (d) ELISA [3,9,15,22-24,27,29-33,36-46].

Based on sample size, the T. gondii prevalence rate was higher in studies with sample
sizes of 400-600 (27.47%), followed by studies with sample sizes of 200-400 (24.42%). In
studies with sample sizes < 200, the incidence rate was 20.29%, and studies with sample
sizes < 600 reported low prevalence (19.64%). These results were statistically significant
(p < 0.0001) (Table 2). Ten studies involved 200—400 people, followed by studies that
included 400-600 (n = 8), <200 (n = 5) and >600 people (n = 3) (Q statistic = 1.31-673.30,
p <0.001 and 0.51, tau? = 0~0.0513, I? = 0-99%) (cf. Table 2; Figure 3a—d).
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Khan et al., 2018 4 170 202% 0.024[0.006;0.059] [l Khattak et al., 2017 107 600 12.5% 0.178[0.149;0.211] :
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Rehmanetal, 2020 25 360 10.1% 0.069[0.045;0.101] [ ) : : 8
Rehmanetal.2020 86 350 10.1% 0.239 [0.196: 0.286] B Moydetal, 2018 133, 734; 22.9%; D.184[0.15/;0.214)
Rehmanetal, 2018 86 360 10.1% 0.239(0.196; 0.286) — Faisaletal, 2014 155 805 25.2% 0.193 [0.166; 0.222] L
Aleem et al., 2018 170 360 10.1% 0.472[0.420; 0.525) : o Ahmad etal., 2019 338 1659 51.9% 0.204 [0.185; 0.224] +
Tasawar et al., 2011 59 200 9.8% 0.205[0.233; 0.363] R :
Faisal etal, 2018 69 200 9.8% 0.345[0.279; 0.415] . i Total (5% CI) 3197 100.0% 0.196 [0.183; 0.210] +
Janetal., 2018 63 300 10.0% 0.210[0.165; 0.261] - Heterogeneily: Tau’ = 0: Chi° = .31, df =2 (P = 0.52): F = 0% T T T T T 1
0 02 04 06 08 1
Total (95% CI) 2956 100.0% 0.240 [0.167; 0.321] - Propori
H B 2 E T T T T 1 roportion
eterogeneity: Tau® = 0.0200; Chi® = 221.35, df = 9 (P < 0.01); I" = 96%
0.2 0.4 0.6 0.8 1
Praoportion

(c)

(d)

Figure 3. Forest schematic graph showing the studies of T. gondii infection with a sample size. (a) Less than
200, (b) in between 200400, (c) between 400-600, (d) more than 600 [3,15,22-24,27,29-32,34,36-41,44-46].

Residence was one of the main contributing factors in toxoplasmosis transmission.
Our analysis demonstrated that rural areas reported the highest toxoplasma prevalence,
followed by urban areas (Q statistic = 13.07, p = 0.04, tau? = 0.1502, I? = 54.1%) (cf. Table 2;
Figure 4). The included studies divided educational background into literate and illiterate.
Studies involving illiterate participants reported higher toxoplasma prevalence than studies
with literate participants (Q statistic = 82.28, p < 0.001, tau? = 1.3105, I? = 93.9%) (cf. Table 2;

Figure 5).

Source

Majid et al., 2016
Khan et al., 2018
Khan et al., 2011
Shah et al., 2016

OR (95% Cl)
3.57 [2.05; 6.20]

—B—

2.93 [0.30; 28.73]
3.05 [1.22; 7.63]
2.14 [1.26; 3.64]

-

Shah et al., 2017 1.20[0.71; 2.02] :ﬁ
Ali et al., 2020 1.11 [0.60; 2.06] ;
Jan et al., 2018 1.19[0.43; 3.27] —i—-—
Total (fixed effect) 1.83 [1.42; 2.36] <
Total (random effects) 1.86 [1.16; 2.98] e

Prediction interval [0.61; 5.65
Heterogeneity: xg = 13.07 (P=0.04), I" = 54%

[
0.1

[
0.5

| 1
1 2

Odds Ratio (95% CI)

Figure 4. Forest schematic graph showing the studies of T. gondii infection in the rural and urban

areas of Pakistan [3,31,32,36,37,42].
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Source

OR (95% CI)

Maijid et al., 2016 0.31[0.21; 0.46] -

Khattak et al., 2017  1.84 [1.21; 2.80] R

Shah et al., 2016 0.68 [0.38; 1.21] —a

Aleem et al., 2018  0.15[0.09; 0.24] -

Ahmadetal.,, 2019  0.75[0.58; 0.97] E |

Ali et al., 2020 5.03[1.10; 22.92] . S

Total (fixed effect) 0.60 [0.51; 0.70] <

Total (random effects) 0.71 [0.20; 2.48] —————

Prediction interval [0.02; 22.37L

Heterogeneity: x5 = 82.28 (P<0.001), /° = 94% I I ' '
0.1 051 2 10

QOdds Ratio (95% Cl)

Figure 5. Forest schematic graph showing the studies of T. gondii infection among literate and illiterate
peoples in Pakistan [3,15,31-33,39,43].

Subgroup analysis showed that toxoplasmosis prevalence was higher in the rural
population (16.65%) than in the urban population (8.54%) but the difference was not
significant (p > 0.005). Toxoplasmosis prevalence was higher in people who had direct
contact with cats (Q statistic = 146.89, p < 0.001, tau? = 0.0130, I?> = 93.9%) (cf. Table 2;
Figure 6). Similarly, people who ingested undercooked meat and raw vegetables were more
prone to contracting toxoplasmosis (Q statistic = 64.34, p < 0.001, tau? = 0.0286, I = 93.8%
(cf. Table 2; Figure 7).

Study Events Total Weight IV, Random, 95% CI I_V, Random, 95% CI
Ullah et al., 2020 65 176 9.9% 0.369[0.298; 0.445] ——

Majid et al., 2016 134 646 10.7% 0.207[0.177;0.241] ]

Khan et al., 2011 19 40 7.5% 0.475[0.315; 0.639] C——
Khattak et al., 2017 14 302 10.4% 0.046[0.026; 0.077] :

Shah et al., 2016 112 414 10.5% 0.271[0.228; 0.316] .-

Ahmad et al., 2019 88 287 10.3% 0.307[0.254; 0.364] -.-

Shah et al., 2017 78 411 10.5% 0.190[0.153; 0.231] l

Khan et al., 2021 112 405 10.5% 0.277[0.234;0.323] B

Janetal, 2018 58 252 10.2% 0.230[0.180; 0.287] B

Sadiqui et al., 2019 31 110 9.4% 0.282[0.200; 0.376] —.—

Total (95% ClI) 3043 100.0% 0.249 [0.187; 0.316] -I.-

I T T ! 1
0.2 0.4 0.6 0.8 1

Proportion

Heterogeneity: Tau® = 0.0130; Chi® = 146.89, df = 9 (P < 0.01); I* = 94%

Figure 6. Forest schematic graph showing the studies of T. gondii infection among people who had
contact with the animals [15,22,31-33,36,41-43,46].

Study Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Majid et al., 2016 226 656 21.4% 0.345][0.308;0.382] |
Khattak et al., 2017 22 95 19.9% 0.232[0.151;0.329] e B

Nazir et al., 2017 21 67 19.2% 0.313[0.206; 0.438] ——

Shah et al., 2017 23 77 19.5% 0.299 [0.200; 0.414] —_

Janetal, 2018 3 94 19.9% 0.032[0.007;0.090] BB

Total (95% CI) 989 100.0% 0.229 [0.112; 0.371] —-l--—

I T T 1
0.2 0.4 0.6 0.8

Proportion

Heterogeneity: Tau® = 0.0286; Chi® = 64.34, df = 4 (P < 0.01); I* = 94%

—_

Figure 7. Forest schematic graph showing the studies of T. gondii infection among people who mostly
eat undercooked food [31,33,34,36,42].
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Higher T. gondii seropositivity was reported from KPK (25.87%), whereas Punjab re-
ported the lowest prevalence (20.42%). The difference was statistically significant
(Q statistic = 187.58-843.13, p < 0.001, tau2 = 0.015-0.0318, I? = 0-99%) (cf. Table 2; Figure 8a,b).
However, the overview of T. gondii prevalence was reported in various studies, as shown in
Figure 9. Table 3 shows the seropositivity rate of T. gondii in the two provinces. Infection
occurred more frequently in humid climates than in arid climates.

Study Events Total Weight 1V, Random, 95% CI IV, Random, 95% ClI
Sadiqui et al., 2018 124 500 5.6% 0.248[0.211;0.288] -

Khan et al., 2014 276 420 5.6% 0.657 [0.610; 0.702] : B
Khan et al., 2021 230 405 5.6% 0.568[0.518; 0.617] : 3
Aleem et al., 2018 170 360 5.6% 0.472[0.420; 0.525] : B
Faisal et al., 2018 69 200 5.5% 0.345[0.279;0.415] B

Ullah et al., 2020 56 216 5.5% 0.259 [0.202; 0.323] B

Shah et al., 2016 74 300 5.6% 0.247[0.199; 0.299] —_

Rehman et al., 2020 86 360 5.6% 0.239[0.196;0.286] B

Rehman et al., 2018 86 360 5.6% 0.239[0.196;0.286] —

Jan et al., 2018 63 300 5.6% 0.210[0.165;0.261] L ]

Faisal et al., 2014 155 805 5.6% 0.193[0.166;0.222] B

Majid et al., 2016 135 733 5.6% 0.184[0.157;0.214]

Khattak et al., 2017 107 800 5.6% 0.178[0.149;0.211] B

Shah et al., 2017 105 600 5.6% 0.175[0.145;0.208] [

Khan et al., 2011 26 180 5.5% 0.144[0.097;0.204] B

Shah et al., 2017 12 100 5.3% 0.120[0.064;0.200] - :

Rehman et al., 2020 25 360 5.6% 0.069[0.045;0.101 Em

Khan et al., 2018 4 170 5.5% 0.024[0.006;0.059] B

Total (95% CI) 6969 100.0% 0.240 [0.172; 0.315] -

I T T T T 1
06z 04 06 08 1

Heterogeneity: Tau? = 0.0318; Chi® = 843.13, df = 17 (P < 0.01); I* = 98%

Proportion

(a)
Study Events Total Weight IV, Random, 95% CI IIV, Random, 95% ClI
Hayat et al., 2014 63 150 12.0% 0.420 [0.340; 0.503] B
Tasawar et al., 2012 37 100 11.4% 0.370[0.276; 0.472] -
Tasawar et al., 2011 59 200 12.3% 0.295[0.233; 0.363] —_
Ahmad et al., 2019 338 1659 13.2% 0.204 [0.185; 0.224]
Nazir et al., 2017 71 403 12.8% 0.176[0.140;0.217] B
Ahmad et al., 2012 34 300 12.6% 0.113[0.080;0.155] B :
Ali et al., 2020 44 593 12.9% 0.074[0.054;0.098] ;
Tasawaretal., 2012 162 550 12.9% 0.295[0.257;0.335] 2 |
Total (95% CI) 3955 100.0% 0.229 [0.160; 0.307] -

[ | I | I |
0 02 04 06 08 1
Proportion

Heterogeneity: Tau® = 0.0150; Chi? = 187.58, df = 7 (P < 0.01); I = 96%

(b)

Figure 8. Forest schematic graph showing the studies of T. gondii infection in the (a) Khyber
Pakhtunkhwa and (b) Punjab province, Pakistan [3,9,15,22-24,27-29,31-34,36-45].
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Figure 9. Spatial analysis of T. gondii infection prevalence report in different studies in different
regions of Pakistan.

Table 3. Heterogeneity summary of prevalence according to province T,

Heterogeneity Test
Province No. of Studies No. of l?eople .NO' of Prevalence (%) & y
Examined Positive Cases Q P
Khyber Pakhtunkhwa 18 6969 1803 25.87 843.13 <0.0001
Punjab 8 3955 808 20.42 187.58 <0.0001

t Test of group difference.

3. Discussion

It is critical to know how common Toxoplasma infection is among the general popu-
lation of Pakistan. Using data from the literature obtained from different provinces, the
present systematic review and meta-analysis assessed the epidemiology and prevalence of
T. gondii infection in the general population of Pakistan. In a recent review, Rostami and
colleagues summarized that the incidence rates of T. gondii infection among pregnant
women were highest in the South American (56.2%) and African (48.7%) regions, while
the lowest frequency was reported in the Western Pacific region (11.8%) [47]. Similarly,
T. gondii seroprevalence was highest (75-85%) in Latin America, Central and Eastern Eu-
rope, and Southeast Asia [48]. Our meta-analysis findings reveal that approximately 24%
of the general population of Pakistan was seropositive for the toxoplasmosis infection.
Our findings support the widely held belief that approximately one-third of humanity is
infected by T. gondii [49]. When it comes to the possibility of contracting toxoplasmosis,
the most dangerous risk factors are eating raw or undercooked meat, having close contact
with cats and soil, and engaging in inadequate hygiene standards [50-52]. Pakistan is
classified as a country with a low-middle income; nevertheless, despite this, it is one of the
top 10 nations in the world that does not have enough access to clean water. In addition,
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the lack of knowledge and the budgetary constraints in the health system in this nation all
contribute to the spread of this infection [37,53], making the situation even more direr.

Epidemiological studies have been used for ascertaining T. gondii endemicity in hu-
mans and animals. There is a dearth of information on its seroprevalence [54,55]. Ap-
propriate data on parasite prevalence and transmission routes would enable accurate
risk assessment in pregnant women and aid the creation and implementation of parasitic
infection control and preventive strategies [40,55]. Here, we determined that the total
incidence and epidemiology of toxoplasmosis in Pakistan is higher in the female popu-
lation (25.44%) than in the male population (21.48%), while combining male and female
participants resulted in a low prevalence rate (15.67%) that was significantly different
(p < 0.0001). Prevalence was predicted to be higher in women (25.44%), while the frequency
was comparatively low in men (21.48%). In 2011, a study was performed in Kohat, KPK, to
determine the seroprevalence and predisposing factors for T. gondii in pregnant women.
Overall seropositivity was 14.4% (26 of 180) [15]. In 2016, a comparable study performed in
the same zone obtained 733 random selections from prenatal facilities. Overall, seropreva-
lence was observed in 81.41% of pregnant women examined [31]. In a recent investigation,
toxoplasmosis was prevalent in 24.36% of the male population [56]. Another study reported
that the incidence rate of toxoplasmosis between 2000 and 2004 in the male population
of the Czech Republic was 23% [57]. Our findings demonstrate that toxoplasmosis sero-
prevalence in the male population in Pakistan was 21.48%, which is in accordance with
earlier research.

People with direct contact with cats, who ate undercooked meat and raw vegetables,
and those with low levels of education (illiterate) had much higher T. gondii infection rates,
with a statistically significant difference (p < 0.0001) between them (Table 2). A variety of
risk factors have led to a high rate of toxoplasmosis. Reduced host immune responses,
drinking polluted water and eating contaminated fruit and vegetables, owning pet cats,
consuming undercooked meat, and coming into contact with the flesh or viscera of infected
animals are all risk factors that increase toxoplasmosis occurrence [58,59]. Rostami et al. [47]
have indicated a high incidence of congenital toxoplasmosis and acute Toxoplasma infection
in people in low-income countries, and consuming raw or undercooked meat in the daily
diet could be a significant predictor of toxoplasmosis. This is in line with our findings that
people who directly touched cats, ate raw or undercooked meat and vegetables, or were
illiterate had significantly higher T. gondii infection rates. Toxoplasma oocysts excreted in
cat feces are more likely to survive and spread if the habitat contains atmospheric agents
that aid their sporulation, such as sufficient humidity, which increases the risk of human
and animal infection. As mentioned earlier, behavior is influenced indirectly by risk factors
such as occupation, gender, geography, and educational attainment, influencing infection
prevalence [59,60].

The subgroup analysis revealed higher toxoplasmosis prevalence in the rural pop-
ulation (16.65%) than in the urban population (8.54%), with no significant differences
(p > 0.005). Cats and infected hunting animals are common in rural regions, as are higher
oocyst survival rates in waste soil, a significant number of rural residents, inadequate health
literacy, and restricted accessibility to health care facilities [60,61]. The subgroup analysis
also revealed that prevalence estimates increased with age, consistent with previously
reported data [47,58]. The data support our findings of inequalities among countries with
different economic statuses. Overall, the total prevalence of toxoplasmosis in Pakistan is
23.9%. In contrast, the prevalence is lower in the US (10.8%), Mexico (20.26%), and China
(6.31%) due to better hygiene practices, effective public awareness campaigns, accurate and
consistent screening procedures for reproductive-age women and pregnant women, mod-
ernized livestock farming, well-established surveillance systems, and enhanced meat eval-
uation rules [4,62,63]. In addition, the likelihood of toxoplasmosis transmission by blood
donation from healthy and asymptomatic carriers of infection adds to the worldwide preva-
lence, particularly in locations where toxoplasmosis is considerably more widespread [64].
People who test positive for Toxoplasma during the acute stage of the disease may have
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contributed to the expansion of toxoplasmosis through blood donation. Africa and Asia
reported the highest and lowest global burdens of toxoplasmosis in blood donors at 46%
(95% CI = 14-78) and 29% (95% CI = 23-35), respectively [65,66]. The highest toxoplasmosis
seroprevalence was detected in Brazil (75%) and Ethiopia (73%) [65]. Pakistan is one of the
top poultry producers in the world and chicken is the simplest source of meat, accounting
for approximately 28% of high meat output. Increased chicken-eating appears to enhance
the likelihood of T. gondii transmission to humans [67].

Here, toxoplasmosis seropositivity was 6%, 19.07%, 25.82%, and 19.93%, respectively,
in the 25-40-, 35-, 35-65-, and >66-year age groups, respectively, indicating that T. gondii
infection frequency is highest in the 35-65-year age group. According to research in
Pakistan, infection was highest in the 26—40-year age cohort, accounting for 54.55% of the
examined population, whereas the 41-55-year age group had low infection seropositivity,
accounting for approximately 21.87%. The 15-25-year age group, on the other hand,
had a moderate infection incidence of approximately 23.63%. Up to 76.1%, 45.1%, and
72.1% of infants in Tehsil Charsadda, Tangi, and Tehsil Shabqadar, respectively, were
born with birth anomalies [40]. Similarly, another study from Pakistan reported that the
31-40-year age group had the highest toxoplasmosis incidence (33.33%, 30/110), followed
by the 21-30-year age group (30%, 33/110) [46]. A similar pattern was reported in the US;
while the frequency of toxoplasmosis may be declining, approximately 14% of people are
seropositive by the age of 40 years [4].

The clinical manifestations of a T. gondii infection are not helpful in the diagnosis
because they are not distinct [68]. The specific diagnosis of a T. gondii infection often relies on
bioassays and serological testing, even though both methods have their limits in identifying
or discriminating parasite subtypes [69,70]. The conventional toxoplasmosis diagnostic
methods encompass etiological, immunologic, and imaging techniques. The advances
in molecular technologies that can amplify parasite nucleic acids have led to significant
advancements in the diagnostic process for toxoplasmosis. Among all these diagnostic
methods, polymerase chain reaction (PCR) has the higher sensitivity and specificity in
diagnosing the Toxoplasmosis [71,72]. In this meta-analysis, anti-T. gondii IgG serum
antibody level was measured in different studies using a number of serological diagnostic
tests. Enzyme-linked immunosorbent assay (ELISA, 24.92%, n = 5240) was the most used
detection method, followed by the latex agglutination test (LAT, 28.35%, n = 4585), lateral
flow chromatographic immunoassay (LFCI, 20.31%, n = 1216), immunochromatographic
assay (ICA, 43.47%, n = 920), rapid diagnostic test (RDT, 2.35%, n = 170), and the indirect
fluorescent antibody test (IFA, 18.41%, n = 733).

Our subgroup analysis revealed that toxoplasmosis seropositivity frequency increased
with advancing age, which is consistent with previously reported data [73]. Assessing
the incidence of latent toxoplasmosis in different parts of the country can aid risk factor
identification and the implementation of better policies and programs for reducing the
disease burden. Therefore, we believe that our findings will aid future risk mapping and
modeling. We also discovered regional differences and other parameters linked to the
incidence of latent toxoplasmosis. Examining the underlying causes of this heterogeneity,
particularly across locations or countries with similar features, would aid the development
of better public health strategies. For example, if two countries had identical characteristics
but vastly differing prevalence rates, lessons could be learned and implemented to reduce
the burden of toxoplasmosis. Accordingly, a global approach to examining these variances
and their consequences is required to inform action. Toxoplasmosis epidemiology varies
geographically, requiring further epidemiological studies on socio-economic factors. These
are most likely due to disparities in public health and hygiene facilities, socio-economic
background, social and cultural conditions, and climate. Epidemiological research in
Latin/Caribbean countries has revealed a high prevalence of T. gondii in feral cats, implying
that the environment may be severely contaminated with oocysts, contaminating plants
and people who touch the soil [74]. In contrast, this systematic review and meta-analysis
have a number of limitations. For instance, although a complete search was done utilizing
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two databases, it is possible that some data were overlooked since certain findings were
printed in local journals in languages rather than English; hence, local language articles
were omitted.

To summarize, this systematic review and meta-analysis focused on the epidemiol-
ogy and geographical location of T. gondii in Pakistan. Public understanding, training
courses, and sanitary practice are all beneficial for guiding people toward cooked foods
and cleaned vegetables, handling feral cats, and treating sick pet cats in a timely and proper
manner. Intensive monitoring and routine inspections of food manufacturing businesses
will enhance hygiene standards in abattoirs and the sanitary disposal of viscera, as would
sophisticated screening programs utilizing modulus diagnostic tests, as shown in Table 1.
Despite extensive research on T. gondii infection in humans, blood donors, pregnant women,
immunocompromised patients, and animals (sheep, goats, cattle, and cats), there are no
systematic reviews or meta-analyses on toxoplasmosis in ingested meats, or birds or other
zoonotic hosts in Pakistan. In the future, we believe it would be beneficial for researchers
and policymakers to concentrate their focus on the neglected populations.

4. Material and Methods

This was a systematic review for determining the prevalence of diseases caused by
T. gondii in the Pakistani population (men and women). To reduce the potential for bias,
data collection and eligibility criteria were designed for evaluating the crude prevalence
(percentage of positive cases) and weighted population prevalence (proportion of positive
cases) for every study. The frequency of infection over 20 years was depicted using
forest plots.

4.1. Search Strategy

The search was limited to articles written in the English language. PubMed and
Google Scholar were searched for papers published in 2000-2020 on toxoplasmosis infection
prevalence, diagnostic tests, and risk factors for our systematic review and meta-analysis
to determine T. gondii infection frequency in people in Pakistan. For data gathering, the
English databases were searched using the following terms: “toxoplasmosis”, “T. gondii”,

v v

“humans”, “prevalence”, “epidemiology”, and “Pakistan” alone or in combination.

4.2. Data Collection

All 26 studies obtained were meticulously examined. The following information was
extracted: year of publication, study demographic characteristics, author(s) name, study
location, sample size, case numbers, diagnostic tests, and risk variables.

4.3. Inclusion and Exclusion Criteria

The inclusion criteria were established by abstract review, publication reading, and
title screening. Duplicate papers, irrelevant data, inadequate data, and human-based
research that did not focus on T. gondii-related disorders were excluded; studies conducted
in Pakistan were retrieved.

4.4. Meta-Analysis

The meta-analysis was performed using R. First, T. gondii infection prevalence was
determined using binomial distribution, p1 = £ (1: Where x is the number of positive

cases and 7 is the total number of examined cases) and the standard error (se = %’1

for each study was computed. Next, the weighted prevalence of T. gondii was calculated
for gender (female, male, and both), contact with animals, undercooked food, provinces
(KPK and Punjab), and sample size (<200, 200-400, 400-600, and >600 people). For the
above variables, we used a single-proportion meta-analysis. The Freeman-Tukey Double
arcsine transformation was considered for the proportions and the inverse variances were
estimated with the DerSimonian-Laird method. For the meta-analyses of location (rural and
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urban) and education (literate and illiterate), the odds ratios were calculated for the pooled
effect size. Variance was estimated using the Sidik—Jonkman method and 0.1 increments
were added for continuity correction of zero cells. The Cochran Q test and 12 statistic were
used to determine between-study heterogeneity and forest plots (described as ES (effect
size) with a 95% confidence interval (95% CI)) were constructed as a graphical summary of
the results.

5. Conclusions

This review examines the current state of T. gondii infection in the Pakistani population.
Toxoplasmosis was more common in women than in men. The high prevalence of T. gondii
infection in Pakistan is a serious public health concern. Therefore, health measures should
be taken to prevent and control the disease. Our findings provide important statistics and
information on the prevalence of T. gondii infection, which could be helpful in infection
management and control. In addition to serological techniques, more research is required to
employ PCR tests to assess infection accurately. We also recommend multiple precautionary
measures should be followed to control the risk factors of toxoplasmosis, including properly
cooking meat and vegetables, using gloves while gardening, proper handwashing, and
maintaining hygienic conditions.

Author Contributions: Conceptualization and Design, T.S. and U.A.A.; Analysis and Interpretation
of Data, T.S., S.W. and T.M., Writing—Original Draft Preparation, U.A.A., T.S., S.W. and T.M., Statisti-
cal Analysis, T.S. and T.M.; Supervision, H.A., M.S.A. and ].C., Writing—Review and Editing, H.A.,
U.A A, M.S.A. and ].C. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by the National Natural Science Foundation of China (No. 81971969
to JC) and the Three-Year Public Health Action Plan (2020-2022) of Shanghai (No. GWV-10.1-XK13 to
JC). The funders had no role in the study design, the data collection, and analysis, the decision to
publish, or the preparation of the manuscript.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: The authors thank the researchers whose work on toxoplasmosis in humans in
Pakistan was used in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Torgerson, PR.; Macpherson, C.N. The socioeconomic burden of parasitic zoonoses: Global trends. Vet. Parasitol. 2011, 182, 79-95.
[CrossRef] [PubMed]

2. Petersen, E.; Vesco, G.; Villari, S.; Buffolano, W. What do we know about risk factors for infection in humans with Toxoplasma
gondii and how can we prevent infections? Zoonoses Public Health 2010, 57, 8-17. [CrossRef] [PubMed]

3. Al S; Amjad, Z,; Khan, TM.; Maalik, A.; Iftikhar, A.; Khan, I.; Ahmed, H. Occurrence of Toxoplasma gondii antibodies and
associated risk factors in women in selected districts of Punjab province, Pakistan. Parasitology 2020, 147, 1133-1139. [CrossRef]
[PubMed]

4. Jones, ].L.; Kruszon-Moran, D.; Sanders-Lewis, K.; Wilson, M. Toxoplasma gondii infection in the United States, 1999-2004, decline
from the prior decade. Am. J. Trop. Med. Hyg. 2007, 77, 405-410. [CrossRef]

5. Bodaghi, B.; Touitou, V.; Fardeau, C.; Paris, L.; LeHoang, P. Toxoplasmosis: New challenges for an old disease. Eye 2012,
26,241-244. [CrossRef]

6. Dubey, J.; Jones, J. Toxoplasma gondii infection in humans and animals in the United States. Int. |. Parasitol. 2008, 38, 1257-1278.
[CrossRef]

7. Mohammed, T.K. Seroprevalence of Toxoplasma gondii among pregnant women in Baghdad city. J. Tech. 2011, 24, 21-28.

8. Shah, M,; Zahid, M.; Alam Sthanadar, A.; Asmat Ali, P. Seroprevalence of Toxoplasma gondii Infection in Human Population of
Mohmand Agency Khyber Pakhtunkhwa, Pakistan. Pak. |. Zool. 2014, 46, 1169-1172.

9.  Ahmad, M.; Magbool, A.; Mahmood-ul-Hassan, M.; Mushtaq-ul-Hassan, M.; Anjum, A. Prevalence of Toxoplasma gondii antibodies

in human beings and commensal rodents trapped from Lahore, Pakistan. J. Anim. Plant Sci. 2012, 22, 51-53.


http://doi.org/10.1016/j.vetpar.2011.07.017
http://www.ncbi.nlm.nih.gov/pubmed/21862222
http://doi.org/10.1111/j.1863-2378.2009.01278.x
http://www.ncbi.nlm.nih.gov/pubmed/19744301
http://doi.org/10.1017/S0031182020000967
http://www.ncbi.nlm.nih.gov/pubmed/32517832
http://doi.org/10.4269/ajtmh.2007.77.405
http://doi.org/10.1038/eye.2011.331
http://doi.org/10.1016/j.ijpara.2008.03.007

Pathogens 2022, 11, 675 150f 17

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Robert-Gangneux, E; Dardé, M.-L. Epidemiology of and diagnostic strategies for toxoplasmosis. Clin. Microbiol. Rev. 2012,
25,264-296. [CrossRef]

Alvarado-Esquivel, C.; Rico-Almochantaf, Y.d.R.; Hernandez-Tinoco, J.; Quifiones-Canales, G.; Sanchez-Anguiano, L.E,; Torres-
Gonzalez, ].; Schott, B.; Liesenfeld, O.; Dunay, I.R. Toxoplasma gondii exposure and neurological disorders: An age-and gender-
matched case-control pilot study. Eur. ]. Microbiol. Immunol. 2017, 7, 303-309. [CrossRef] [PubMed]

Spalding, S.M.; Amendoeira, M.R.R.; Klein, C.H.; Ribeiro, L.C. Serological screening and toxoplasmosis exposure factors among
pregnant women in South of Brazil. Rev. Soc. Bras. Med. Trop. 2005, 38, 173-177. [CrossRef] [PubMed]

Montoya, J.; Liesenfeld, O. Toxoplasmosis. Lancet 2004, 363, 1965-1976. [CrossRef]

Cantos, G.A.; Prando, M.D.; Siqueira, M.V,; Teixeira, R.M. Toxoplasmose: Ocorréncia de anticorpos antitoxoplasma gondii e
diagnostico. Rev. Assoc. Med. Bras. 2000, 46, 335-341. [CrossRef] [PubMed]

Khan, S.N.; Khan, S.; Ayaz, S.; Jan, A.H.; Jehangir, S.; Attaullah, S.; Ali, I.; Shams, S. Seroprevalance and risk factors of
toxoplasmosis among pregnant women in District Kohat, Khyber Pakhtunkhwa, Pakistan. World Appl. Sci | 2011, 14, 1032-1036.
Fan, C.-K.; Hung, C.-C; Su, K.-E; Sung, E-C.; Chiou, H.-Y.; Gil, V.; da Conceicao dos Reis Ferreira, M.; de Carvalho, ].M.; Cruz, C,;
Lin, Y.-K. Seroprevalence of Toxoplasma gondii infection among pre-schoolchildren aged 1-5 years in the Democratic Republic of
Sao Tome and Principe, Western Africa. Trans. R. Soc. Trop. Med. Hyg. 2006, 100, 446—449. [CrossRef]

Dupont, D.; Fricker-Hidalgo, H.; Brenier-Pinchart, M.-P.; Garnaud, C.; Wallon, M.; Pelloux, H. Serology for Toxoplasma in
immunocompromised patients: Still useful? Trends Parasitol. 2021, 37, 205-213. [CrossRef]

Odeniran, P.O.; Omolabi, K.E; Ademola, I.O. Risk factors associated with seropositivity for Toxoplasma gondii in population-based
studies among immunocompromised patients (pregnant women, HIV patients and children) in West African countries, Cameroon
and Gabon: A meta-analysis. Acta Trop. 2020, 209, 105544. [CrossRef]

Dogruman-Al E; Aslan, S.; Yalcin, S.; Kustimur, S.; Turk, S. A possible relationship between Toxoplasma gondii and schizophrenia:
A seroprevalence study. Int. J. Psychiatry Clin. Pract. 2009, 13, 82-87. [CrossRef]

Aldebert, D.; Hypolite, M.; Cavailles, P.; Touquet, B.; Flori, P.; Loeuillet, C.; Cesbron-Delauw, M.-F. Development of high-
throughput methods to quantify cysts of Toxoplasma gondii. Cytom. Part A 2011, 79, 952-958. [CrossRef]

Flegr, J.; Preiss, M.; Klose, J.; Havlicek, J.; Vitakova, M.; Kodym, P. Decreased level of psychobiological factor novelty seeking
and lower intelligence in men latently infected with the protozoan parasite Toxoplasma gondii Dopamine, a missing link between
schizophrenia and toxoplasmosis? Biol. Psychol. 2003, 63, 253-268. [CrossRef]

Khan, M.A; Islam, Z.; Jan, A.U.; Khan, K.; Shah, A. Seroepidemiology of Toxoplasma gondii Infection in Child Bearing Age Women
in Dir Khyberpakhtunkhawa, Pakistan. Pak. . Zool. 2021, 53, 375. [CrossRef]

Tasawar, Z.; Raza, A.A.; Aziz, F,; Lashari, M.H. Prevalence of human toxoplasmosis in district Muzaffargarh, Punjab, Pakistan.
Gomal J. Med. Sci. 2012, 10, 37-41.

Khan, M.Z.; Rahman, S.U.; Gul, N.; Khan, A.A. Toxoplasmosis; seroprevalence, comparative analysis of diagnostic techniques
and identification of risk factors in humans in Malakand Agency, Khyber Pakhtunkhwa, Pakistan. Int. J. Biosci. 2014, 5, 1-6.
Awan, U.A.; Khattak, A.A. Has Pakistan failed to roll back HPV? Lancet Oncol. 2022, 23, e204. [CrossRef]

Khalil, A.T.; Ali, M.; Tanveer, E; Ovais, M.; Idrees, M.; Shinwari, Z.K.; Hollenbeck, J.E. Emerging viral infections in Pakistan:
Issues, concerns, and future prospects. Health Secur. 2017, 15, 268-281. [CrossRef]

Tasawar, Z.; Lashari, M.H.; Hanif, M.; Hayat, C. Seroprevalence of Toxoplasma gondii in domestic goats in Multan, Punjab, Pakistan.
Pak. ]. Life Soc. Sci 2011, 9, 24-27.

Tasawar, Z.; Aziz, F.,; Lashari, M.H,; Shafi, S.; Ahmad, M,; Lal, V.; Hayat, C.S. Seroprevalence of Human toxoplasmosis in southern
Punjab, Pakistan. Pak. J. Life Soc. Sci. 2012, 10, 48-52.

Hayat, S.; Tasawar, Z.; Akhtar, T. Seroprevalence of Human Toxoplasmosis in Kallarwali, Muzaffar Garh, Pakistan. Gomal J.
Med. Sci. 2014, 12, 129-132.

Faisal, I.A.; Khan, A.U.; Waqar, M.; Ahmad, T.; Shah, T.; Khan, M.I; Ali, N.; Faisal, S.; Saif, I.; Ahmad, W. Distribution of
Toxoplasma gondii in the pregnant women of district Swabi Khyber Pakhtunkhwa Pakistan. World Appl. Sci. J. 2014, 29, 77-79.
Majid, A.; Khan, S.; Jan, A.H.; Taib, M.; Adnan, M.; Alj, I.; Khan, S.N. Chronic toxoplasmosis and possible risk factors associated
with pregnant women in Khyber Pakhtunkhwa. Biotechnol. Biotechnol. Equip. 2016, 30, 733-736. [CrossRef]

Hussain Shah, M.S.; Naz, F; Jan, A.; Ullah, R.; Khan, S.F.A.; Haseeb, A.; Ahmad, I.; Younas, M. Seroprevalence and Risk Factors of
Toxoplasmosis among Women in District Chitral, Khyber Pakhtunkhwa, Pakistan. World |. Zool. 2016, 11, 135-140.

Khattak, M.; Iltaf, M.; Rehman, A.; Malik, S.; Zahid, M. Prevalence, socio-demographic determinants and risk factors of
toxoplasmosis: Case-control study in a rural community of Mardan district, northern Pakistan. |. Anim. Plant Sci. 2017,
27,617-626.

Nazir, M.; Akhtar, M.; Magbool, A.; Waheed, A.; Sajid, M.; Ali, M.; Oneeb, M.; Alam, M.; Ahmad, A.; Nazir, N. Antibody
prevalence and risk factors for Toxoplasma gondii infection in women from Multan, Pakistan. Zoonoses Public Health 2017,
64, 537-542. [CrossRef] [PubMed]

Shah, M.; Zahid, M.; Bibi, B.; Hussain, A.; Haroon, M.; Ali, B. Chromatographic immunoassay based detection of human
toxoplasmosis in District Mardan, Khyber Pakhtunkhawa, Pakistan. Pure Appl. Biol. 2017, 6, 1297-1305. [CrossRef]

Shah, N.; Khan, A.; Khisroon, M.; Adnan, M.; Jawad, S.M. Seroprevalence and risk factors of toxoplasmosis in pregnant women
of district Swabi. Pure Appl. Biol. 2017, 6, 1306-1313. [CrossRef]


http://doi.org/10.1128/CMR.05013-11
http://doi.org/10.1556/1886.2017.00033
http://www.ncbi.nlm.nih.gov/pubmed/29403659
http://doi.org/10.1590/S0037-86822005000200009
http://www.ncbi.nlm.nih.gov/pubmed/15821794
http://doi.org/10.1016/S0140-6736(04)16412-X
http://doi.org/10.1590/S0104-42302000000400033
http://www.ncbi.nlm.nih.gov/pubmed/11175569
http://doi.org/10.1016/j.trstmh.2005.07.013
http://doi.org/10.1016/j.pt.2020.09.006
http://doi.org/10.1016/j.actatropica.2020.105544
http://doi.org/10.1080/13651500802624738
http://doi.org/10.1002/cyto.a.21138
http://doi.org/10.1016/S0301-0511(03)00075-9
http://doi.org/10.17582/journal.pjz/20181127131122
http://doi.org/10.1016/S1470-2045(22)00141-3
http://doi.org/10.1089/hs.2016.0072
http://doi.org/10.1080/13102818.2016.1175966
http://doi.org/10.1111/zph.12336
http://www.ncbi.nlm.nih.gov/pubmed/28067995
http://doi.org/10.19045/bspab.2017.600138
http://doi.org/10.19045/bspab.2017.600139

Pathogens 2022, 11, 675 16 of 17

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Khan, A,; Naz, K.; Ahmed, H.; Simsek, S.; Afzal, M.S.; Haider, W.; Ahmad, S.S.; Farrakh, S.; Wu, W.; Guan, Y. Knowledge,
attitudes and practices related to cystic echinococcosis endemicity in Pakistan. Infect. Dis. Poverty 2018, 7, 79-93. [CrossRef]
Rehman, F.; Ahmad, R.; Jan, S.S. Prevalence of Abortion among Toxoplasma Gondii Seropositive Pregnant Women in Community
Hospital of Mardan. J. Saidu Med. Coll. Swat 2018, 8. [CrossRef]

Aleem, U,; Ullah, S.; Qasim, M.; Suliman, M. Seroprevalence of Toxoplasmosis in Pregnant Women in Matta, Upper Swat, Khyber
Pakhtunkhwa, Pakistan. J. Saidu Med. Coll. Swat 2018, 8. [CrossRef]

Faisal, S.; Jan, H.; Haroon, M.; Khan, M.T,; Jan, EU.; Igbal, T.; Khan, A.; Shakeel, M. Seroprevalence of human Toxoplasma gondii
infection among pregnant women in Charsadda, KP, Pakistan. J. Parasit. Dis. 2018, 42, 554-558. [CrossRef]

Sadiqui, S.; Shah, S.R.H.; Almugadam, B.S.; Shakeela, Q.; Ahmad, S. Distribution of Toxoplasma gondii IgM and IgG antibody
seropositivity among age groups and gestational periods in pregnant women. F1000Research 2018, 7, 1823. [CrossRef] [PubMed]
HasnainJan, M.H.; Faisal, S.; Abid Kamal, M.T.; Khan, K.A.; Muhammad, W. Sero-epidemiology of human Toxoplasma gondii
infection among male population in Charsadda, KPK, Pakistan. Int. ]. Biosci. 2018, 12, 110-116. [CrossRef]

Ahmad, N.; Khan, [.A.; Igbal, Z.; Naseem, A.A.; Kayani, A.R.; Afshan, K.; Qayyum, M. Seroepidemiology of Toxoplasmosis
in Human Population with Reference to Its Zoonotic Potential in Sub-Tropical Areas of Pakistan. Pak. Vet. J. 2019, 39, 211-215.
[CrossRef]

Rehman, F; Shah, M,; Ali, A.; Ahmad, I.; Sarwar, M.T.; Rapisarda, A.M.C.; Cianci, A. Unpasteurised milk consumption as
a potential risk factor for toxoplasmosis in females with recurrent pregnancy loss. J. Obstet. Gynaecol. 2020, 40, 1106-1110.
[CrossRef] [PubMed]

Rehman, F.; Shah, M.; Ali, A.; Rapisarda, A.; Cianci, A. Seroprevalence and risk factors of Toxoplasma gondii infection in women
with recurrent fetal loss from the province of khyber Pakhtunkhwa, Pakistan. ]. Neonatal Perinat. Med. 2021, 14, 115-121.
[CrossRef] [PubMed]

Ullah, N.; Nawaz, D.; Shah, M.; Rasool, A.; Akbar, E; Israr, M. Prevalence of Toxoplasma Gondii in Women Population in Swat,
Pakistan. Biomed. |. Sci. Tech. Res. 2020, 30, 23247-23251.

Rostami, A.; Riahi, S.M.; Contopoulos-loannidis, D.G.; Gamble, H.R.; Fakhri, Y.; Shiadeh, M.N.; Foroutan, M.; Behniafar,
H.; Taghipour, A.; Maldonado, Y.A. Acute Toxoplasma infection in pregnant women worldwide: A systematic review and
meta-analysis. PLoS Negl. Trop. Dis. 2019, 13, €0007807. [CrossRef]

Ruiz-Fons, F,; Vicente, J.; Vidal, D.; Hofle, U.; Villanda, D.; Gauss, C.; Segalés, J.; Almeria, S.; Montoro, V.; Gortazar, C.
Seroprevalence of six reproductive pathogens in European wild boar (Sus scrofa) from Spain: The effect on wild boar female
reproductive performance. Theriogenology 2006, 65, 731-743. [CrossRef]

Hill, D.E.; Dubey, J.P. Toxoplasma gondii . In Foodborne Parasites; Springer: Berlin/Heidelberg, Germany, 2018; pp. 119-138.

Cook, E.AJ; Gitahi, N.; De Glanville, W.A.; Thomas, L.F; Kariuki, S.; Kang’ethe, E.; Févre, E.M. Prevalence and risk factors for
exposure to Toxoplasma gondii in slaughterhouse workers in western Kenya. BMC Infect. Dis. 2021, 21, 944. [CrossRef]
Kochanowsky, J.A.; Koshy, A.A. Toxoplasma gondii . Curr. Biol. 2018, 28, R770-R771. [CrossRef]

Minuzzi, C.E.; Fernandes, ED.a.; Portella, L.P; Braunig, P,; Sturza, D.A.F,; Giacomini, L.; Salvagni, E.; Ribeiro, J.d.S.; Silva, C.R,;
Difante, C.M. Contaminated water confirmed as source of infection by bioassay in an outbreak of toxoplasmosis in South Brazil.
Transbound. Emerg. Dis. 2021, 68, 767-772. [CrossRef] [PubMed]

Awan, U.A,; Zahoor, S.; Ayub, A.; Ahmed, H.; Aftab, N.; Afzal, M.S. COVID-19 and arboviral diseases: Another challenge for
Pakistan’s dilapidated healthcare system. J. Med. Virol. 2020. [CrossRef] [PubMed]

Jones, J.L.; Kruszon-Moran, D.; Wilson, M.; McQuillan, G.; Navin, T.; McAuley, J.B. Toxoplasma gondii infection in the United
States: Seroprevalence and risk factors. Am. J. Epidemiol. 2001, 154, 357-365. [CrossRef] [PubMed]

Studenicova, C.; Bentaiova, G.; Holkova, R. Seroprevalence of Toxoplasma gondii antibodies in a healthy population from Slovakia.
Eur. ]. Intern. Med. 2006, 17, 470-473. [CrossRef] [PubMed]

Hlavacova, J.; Flegr, J.; Rezabek, K.; Calda, P; Katikovd, 5. Association between latent toxoplasmosis and fertility parameters of
men. Andrology 2021, 9, 854-862. [CrossRef] [PubMed]

Kolbekova, P.; Kourbatova, E.; Novotna, M.; Kodym, P; Flegr, ]. New and old risk-factors for Toxoplasma gondii infection:
Prospective cross-sectional study among military personnel in the Czech Republic. Clin. Microbiol. Infect. 2007, 13, 1012-1017.
[CrossRef] [PubMed]

Daryani, A.; Sarvi, S.; Aarabi, M.; Mizani, A.; Ahmadpour, E.; Shokri, A.; Rahimi, M.-T.; Sharif, M. Seroprevalence of Toxoplasma
gondii in the Iranian general population: A systematic review and meta-analysis. Acta Trop. 2014, 137, 185-194. [CrossRef]
Rahimi, M.T,; Daryani, A.; Sarvi, S.; Shokri, A.; Ahmadpour, E.; Mizani, A.; Sharif, M.; Teshnizi, S.H. Cats and Toxoplasma gondii:
A systematic review and meta-analysis in Iran. Onderstepoort J. Vet. Res. 2015, 82, 1-10. [CrossRef]

Foroutan, M.; Dalvand, S.; Daryani, A.; Ahmadpour, E.; Majidiani, H.; Khademvatan, S.; Abbasi, E. Rolling up the pieces of
a puzzle: A systematic review and meta-analysis of the prevalence of toxoplasmosis in Iran. Alex. J. Med. 2018, 54, 189-196.
[CrossRef]

Lee, Y.-H.; Noh, H.-].; Hwang, O.-S; Lee, S.-K.; Shin, D.-W. Seroepidemiological study of Toxoplasma gondii infection in the rural
area Okcheon-gun, Korea. Korean J. Parasitol. 2000, 38, 251. [CrossRef]

Jiang, C.; Li, Z.; Chen, P.; Chen, L. The seroprevalence of Toxoplasma gondii in Chinese population with cancer: A systematic
review and meta-analysis. Medicine 2015, 94, e2274. [CrossRef] [PubMed]


http://doi.org/10.1186/s40249-017-0383-2
http://doi.org/10.52206/jsmc.2018.8.1.%25p
http://doi.org/10.52206/jsmc.2018.8.2.%25p
http://doi.org/10.1007/s12639-018-1033-8
http://doi.org/10.12688/f1000research.15344.1
http://www.ncbi.nlm.nih.gov/pubmed/31249669
http://doi.org/10.12692/ijb/12.4.110-116
http://doi.org/10.29261/pakvetj/2019.017
http://doi.org/10.1080/01443615.2019.1702630
http://www.ncbi.nlm.nih.gov/pubmed/32013639
http://doi.org/10.3233/NPM-190323
http://www.ncbi.nlm.nih.gov/pubmed/32925112
http://doi.org/10.1371/journal.pntd.0007807
http://doi.org/10.1016/j.theriogenology.2005.07.001
http://doi.org/10.1186/s12879-021-06658-8
http://doi.org/10.1016/j.cub.2018.05.035
http://doi.org/10.1111/tbed.13741
http://www.ncbi.nlm.nih.gov/pubmed/32682332
http://doi.org/10.1002/jmv.26668
http://www.ncbi.nlm.nih.gov/pubmed/33200437
http://doi.org/10.1093/aje/154.4.357
http://www.ncbi.nlm.nih.gov/pubmed/11495859
http://doi.org/10.1016/j.ejim.2006.07.007
http://www.ncbi.nlm.nih.gov/pubmed/17098589
http://doi.org/10.1111/andr.12969
http://www.ncbi.nlm.nih.gov/pubmed/33420759
http://doi.org/10.1111/j.1469-0691.2007.01771.x
http://www.ncbi.nlm.nih.gov/pubmed/17617185
http://doi.org/10.1016/j.actatropica.2014.05.015
http://doi.org/10.4102/ojvr.v82i1.823
http://doi.org/10.1016/j.ajme.2017.06.003
http://doi.org/10.3347/kjp.2000.38.4.251
http://doi.org/10.1097/MD.0000000000002274
http://www.ncbi.nlm.nih.gov/pubmed/26683951

Pathogens 2022, 11, 675 17 of 17

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

de la Luz Galvan-Ramirez, M.; Troyo, R.; Roman, S.; Calvillo-Sanchez, C.; Bernal-Redondo, R. A systematic review and
meta-analysis of Toxoplasma gondii infection among the Mexican population. Parasites Vectors 2012, 5, 271. [CrossRef] [PubMed]
Sadooghian, S.; Mahmoudvand, H.; Mohammadi, M.A.; Sarcheshmeh, N.N.; Kareshk, A.T.; Kamiabi, H.; Zia-Ali, N. Prevalence
of Toxoplasma gondii Infection among healthy blood donors in Northeast of Iran. Iran. ]. Parasitol. 2017, 12, 554. [PubMed]
Coélho, R.A.; Kobayashi, M.; Carvalho, L.B., Jr. Prevalence of IgG antibodies specific to Toxoplasma gondii among blood donors in
Recife, Northeast Brazil. Rev. Inst. Med. Trop. Sao Paulo 2003, 45, 229-231. [CrossRef]

Karimi, G.; Mardani, A.; Zadsar, M. Prevalence of Toxoplasma gondii among Iranian blood donors: A narrative review article.
Iran. ]. Parasitol. 2016, 11, 10.

Sohaib, M.; Jamil, F. An insight of meat industry in Pakistan with special reference to halal meat: A comprehensive review.
Korean |. Food Sci. Anim. Resour. 2017, 37, 329. [CrossRef]

Boothroyd, J.C.; Grigg, M.E. Population biology of Toxoplasma gondii and its relevance to human infection: Do different strains
cause different disease? Curr. Opin. Microbiol. 2002, 5, 438-442. [CrossRef]

Mesquita, R.T.; Ziegler, A.P.; Hiramoto, R.M.; Vidal, J.E.; Pereira-Chioccola, V.L. Real-time quantitative PCR in cerebral tox-
oplasmosis diagnosis of Brazilian human immunodeficiency virus-infected patients. J. Med. Microbiol. 2010, 59, 641-647.
[CrossRef]

Kotresha, D.; Noordin, R. Recombinant proteins in the diagnosis of toxoplasmosis. APMIS 2010, 118, 529-542. [CrossRef]

Liu, Q.; Wang, Z.-D.; Huang, S.-Y.; Zhu, X.-Q. Diagnosis of toxoplasmosis and typing of Toxoplasma gondii. Parasites Vectors 2015,
8,292. [CrossRef]

Switaj, K.; Master, A.; Skrzypczak, M.; Zaborowski, P. Recent trends in molecular diagnostics for Toxoplasma gondii infections.
Clin. Microbiol. Infect. 2005, 11, 170-176. [CrossRef] [PubMed]

Rostami, A.; Riahi, S.; Gamble, H.; Fakhri, Y.; Shiadeh, M.N.; Danesh, M.; Behniafar, H.; Paktinat, S.; Foroutan, M.; Mokdad, A.
Global prevalence of latent toxoplasmosis in pregnant women: A systematic review and meta-analysis. Clin. Microbiol. Infect.
2020, 26, 673-683. [CrossRef] [PubMed]

Moura, A.B.; Costa, A.].; Jordao Filho, S.; Paim, B.B.; Pinto, ER.; Di Mauro, D.C. Toxoplasma gondii in semen of experimentally
infected swine. Pesqui. Vet. Bras. 2007, 27, 430—-434. [CrossRef]


http://doi.org/10.1186/1756-3305-5-271
http://www.ncbi.nlm.nih.gov/pubmed/23181616
http://www.ncbi.nlm.nih.gov/pubmed/29317880
http://doi.org/10.1590/S0036-46652003000400011
http://doi.org/10.5851/kosfa.2017.37.3.329
http://doi.org/10.1016/S1369-5274(02)00349-1
http://doi.org/10.1099/jmm.0.016261-0
http://doi.org/10.1111/j.1600-0463.2010.02629.x
http://doi.org/10.1186/s13071-015-0902-6
http://doi.org/10.1111/j.1469-0691.2004.01073.x
http://www.ncbi.nlm.nih.gov/pubmed/15715713
http://doi.org/10.1016/j.cmi.2020.01.008
http://www.ncbi.nlm.nih.gov/pubmed/31972316
http://doi.org/10.1590/S0100-736X2007001000008

	Introduction 
	Results 
	Discussion 
	Material and Methods 
	Search Strategy 
	Data Collection 
	Inclusion and Exclusion Criteria 
	Meta-Analysis 

	Conclusions 
	References

