
1 

 

Original Research Article 1 

Seroprevalence and Risk Factors of Toxoplasmosis 2 

among Pregnant Women Attending Antenatal Clinic 3 

in Kaduna Metropolis and Environs 4 

ABSTRACT 5 

Toxoplasmosis due to infection by Toxoplasma gondii is estimated to affect one third of the global 6 

population. In pregnancy, T. gondii infection   represents the risk to induce miscarriage and congenital 7 

transmission. This study was therefore conducted to determine the seroprevalence of anti-8 

T.gondiiIgM antibodies among pregnant women attending antenatal clinics in Kaduna south, Nigeria. 9 

Enzyme-linked imuunosorbent assays (ELISA) was used and structured questionnaire to obtain 10 

information on risk factors associated with infection among pregnant women attending antenatal 11 

clinics at GwamnaAwam General Hospital Kakuri and Yusuf Dantsoho Memorial Hospital Tudun 12 

Wada in Kaduna State. A total of One hundred and ninety two (192) blood samples (96 from each of 13 

the selected hospital) were collected from the pregnant women and screened using specific anti-14 

Toxoplasma gondiiIgM antibodies kit (IBL- International GMBH a Tecan Group Company).  Result 15 

obtained from the 192 women serum analysed showed an overall seroprevalence of 31.3% using T. 16 

gondii specific IgM antibodies. Seropositivity was found to be statistically associated with age (P< 17 

0.05) while Relative Risk  (RR) analysis showed that women aged between 31-35 yrs. were found to 18 

have higher risk of contracting toxoplasmosis than all other age groups (RR 4.620). Chi-Square test 19 

showed that pregnancy stages, previous history of miscarriage and educational levelof pregnant 20 

women were found to significantly influence prevalence of T. gondiiinfection (P< 0.05). Women with 21 

previous history of miscarriage was found to be more likely to be infected with toxoplasmosis than 22 

women with no history of miscarriage (RR= 1.278). Risk factors such as keeping cats and types of 23 

vegetables consumed was statistically significant associated with the infection.The results of this 24 

study justifies the need to include laboratory testing for T. gondiiinfection during antenatal 25 

investigations and to educate women about the parasite in order to prevent maternal and subsequent 26 

congenital infections that might have been provoked in-utero. 27 
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1. INTRODUCTION 29 

Toxoplasma gondii is an obligate intracellular protozoan parasite that causes toxoplasmosis in 30 

humanand other warm blooded animals. The coccidium parasitizes member of the cat family as its 31 
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definitive host and has a wild range of intermediate hosts including humans [1]. Globally, about one 32 

third of the world's human population is estimated to carry Toxoplasma gondiiparasite [2]. 33 

Toxoplasmosis is one of the most prevalent and widespread parasitic infections, it is often neglected 34 

especially in developing countries. Although it has long been reported to be widespread in many 35 

countries in West Africa [3]. The infection is usually mild and asymptomatic causing cold and flu in 36 

immunocompetent individuals but can rise to cervical lymphadenopathy, mononucleosis-like 37 

syndrome or inflammation of the choroid in up to 20% of infected persons; and in immune deficient 38 

individuals, such as acquired immune deficiency syndrome (AIDS) patients. Primary or reactivated 39 

infection can also result in encephalitis, pneumonia and inflammation of the heart muscles [4]. 40 

Toxoplasmosis has been reported as the commonest opportunistic infection in HIV/AIDS patient in 41 

developed and developing countries[5]. Worldwide, toxoplasmosis is reported to occur in all countries 42 

with seropositivity rates ranging from less than 10% to over 90% [6]. 43 

Association of toxoplasmosis to congenital impairment has recently been affirmed [7]. Consequences 44 

of primary congenital infection in pregnant women with normal immunity include miscarriages, still 45 

birth, blindness, deafness, mental retardation, microcephalus, hydrocephalus and other neurological 46 

diseases in the fetus[8]. Toxoplasmosis also enhances mother-child transmission of Hepatitis C Virus 47 

(HCV) and Hepatitis B Virus (HBV) [9].  48 

Approximately, half a billion humans have antibodies to Toxoplasma gondii[10]. It has been reported 49 

that about 30-40% adult humans in the United States have antibodies to T. gondii[11, 12,13]. 50 

Apparently, a healthy immune system may keep the parasite in check [14]. Considerable variations in 51 

seroprevalence of toxoplasmosis have been reported in diverse regions and in different individuals 52 

which are mainly related to factors that expose the population to the infected cysts. Age, occupation, 53 

sanitary conditions, educational status, contact with cat, soil, ruminate animals and location have 54 

been the main determinant risk factors of infection by T. gondii[15].  55 

Infection due to Toxoplasma gondii is a worldwide zoonosis. The organism infects herbivorous, 56 

omnivorous and carnivorous animals, including birds [16, 17]. Two main routes of transmission have 57 

been described in humans viz: oral-ingestion of the parasite (cyst) and through placental transmission 58 

to the fetus in pregnant women. The oral routes involve the ingestion of raw or undercooked meat that 59 

contains cysts or the ingestion of water or food contaminated with oocysts[18, 19, 20]. Infection of 60 
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some women with the habit of tasting raw meat such as paste from chopped pork for meat balls 61 

during cooking has been reported [21]. Transmission through contaminated soil is also possible in 62 

humans by accidental ingestion of soil contaminated with T. gondiioocysts. 63 

In human infection, T. gondiielicit immune response which can be detected by several serological 64 

tests including enzyme linked immunosorbent assay (ELISA). Immunoglobulin G (IgG) antibodies 65 

usually appear within 1–2 weeks of acquisition of the infection, peak within 1–2 months, decline at 66 

various rates, and usually persist for life. It has been observed that the functional affinity of specific 67 

IgG antibodies is initially low after primary antigenic challenge and that it increases during subsequent 68 

weeks and months by antigen-driven B cell selection. Protein-denaturing reagents including urea are 69 

used to dissociate the antibody-antigen complex.  70 

Immunoglobulin M (IgM) antibodies may appear earlier and decline more rapidly than IgG antibodies. 71 

An IgM test is still used by most laboratories to determine if a patient has been infected recently or in 72 

the distant past. In people with recently acquired primary infection, T. gondii– specific IgM antibodies 73 

are detected initially, and in most cases, these titers become negative within a few months. However, 74 

in some people, positive T. gondii–specific IgMtiters can still be observed during the chronic phase of 75 

infection [22]. Some investigators have reported that IgM antibodies can be detected as long as 12 76 

years after the acute infection [23]. The persistence of these IgM antibodies does not appear to have 77 

any clinical relevance, and these patients should be considered chronically infected.  78 

Immunoglobulin A (IgA) antibodies may be detected in sera of acutely infected adults and congenitally 79 

infected infants and may persist for many months or more than a year [12]. Immunoglobulin E (IgE) 80 

antibodies are detectable in sera of acutely infected adults, congenitally infected infants, and children 81 

with congenital toxoplasmicchorioretinitis[24, 25]. The duration of IgEseropositivity is shorter than IgM 82 

or IgA antibodies and hence appears useful for identifying recently acquired infections[26,25]. In 83 

Kaduna state like most parts of Nigeria, toxoplasmosis is not part of the routine screening test 84 

performed on pregnant women during antenatal clinic program in public hospitals. This study aimed to 85 

provide information on the status of toxoplasmosis and its associated risk factor among pregnant 86 

women in Kaduna metropolis and environs to guide policy makers in taking a proactive decision. 87 

 88 
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2. MATERIALS AND METHODS 89 

2.1 Study Area 90 

The research was conducted in Kaduna metropolis,Kaduna metropolis is the capital of Kaduna State. 91 

It is located between latitudes100 22I 00II - 100 40I 00II N and longitudes 700 20I 00II – 700 28I 00II E 92 

[27]. The metropolis occupies an area of about 260 km2, and the distance between the eastern and 93 

western limits of the city is approximately 13.7 km. 94 

 95 

Figure 1: Map of Kaduna South LGA showing the study location. 96 

2.2 Study Design  97 

The research is a descriptive cross sectional study. Women attending antenatal clinics of 98 

GwamnaAwam General Hospital Kakuri and Yusuf Dantsoho Memorial Hospital Tudun Wada were 99 

recruited for the study. All women were interviewed using a structured questionnaire with relevant 100 
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information recorded for each woman. The questionnaires were administered to obtain information on 101 

important variables such as age, stage of pregnancy, occupation, and educational status of the 102 

women 103 

2.3Selection of Hospitals 104 

GwamnaAwam General Hospital, Kakuri and Yusuf Dantsoho Memorial Hospital, Tudun Wada 105 

Kaduna located in Kaduna South LGA of Kaduna State were selected by simple random techniques. 106 

The 2 hospitals provide medical and antenatal services to inhabitants of Kaduna metropolis and 107 

environs. 108 

2.4Target Population 109 

The targeted population for the study were pregnant women of all ages attending antenatal clinic at 110 

GwamnaAwam General Hospital, Kakuri and Yusuf Dantsoho Memorial Hospital, Tudun Wada within 111 

Kaduna metropolis and environs. 112 

2.5 Sample Size 113 

One hundred and ninety two (192) samples (96 from each of the selected hospital) from pregnant 114 

women attending antenatal who have voluntarily given their consent to participate in the study was 115 

used. 116 

2.6 Ethical Permission 117 

Approval to conduct the research was obtained from the Kaduna State Ministry of Health Ethical 118 

Committee before sample collection commenced in the 2 State hospitals. The aim of the study was 119 

also clearly explained to pregnant women attending antenatal clinic in the selected health facilities in 120 

order to get their informed consent. Women who do not consent were excluded from the study. To 121 

ensure confidentiality of subjects, names of respondents were not recorded during sample collection. 122 

Code of ethics on the use of human subjects in research as outlined in the NDA Research and 123 

Development Policy, 2016 was also adhere to strictly. 124 

2.7 Questionnaire Administration 125 
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Information on the patients’ age, previous abortion, and stage of pregnancy were collected at the 126 

point of sample collection. The questionnaire was interpreted in local language for those who could 127 

not understand English. 128 

2.8 Blood Sample Collection 129 

Blood samples were collected from participants at the public health facilities with the help of medical 130 

personnel of the hospitals by venupuncture. Samples collected from each subject was transferred into 131 

a sterile labelled specimen bottle. Samples collected were then centrifuged at 1000rpm for 3 minutes 132 

to separate serum from blood cells. Serum sample obtained and stored in a thermox box were 133 

separately transferred to labelled fresh sample bottles, and later transported to Veterinary Teaching 134 

Hospital Laboratory (VTH/LAB), Faculty of Veterinary Medicine, Ahmadu Bello University Zaria for 135 

analysis. Serum samples were kept at – 20oC until analysed (All procedures were implemented to 136 

prevent sample contamination with animal materials). 137 

2.9Enzyme-Linked Immunosorbent Assay 138 

Commercial Kits for specific anti-Toxoplasma gondiiIgM antibodies were purchased and was used 139 

according to the Manufactures instruction (IBL- International GMBH a Tecan Group Company). 140 

2.10Detection of Toxoplasma gondii Antibody 141 

Antibody ELISA technique was employed, strictly as instructed by manufacturer. One  in forty (1:40) 142 

dilutions of specimen, negative control, positive control and calibrator were prepared by adding 5µl of 143 

the aforementioned separately to  200µl of sample diluent and mixed well. One hundred microliter 144 

(100µl) of diluted sera, calibrator and controls were dispensed into appropriate wells. One 145 

hundred microliter (100µl) of absorbent solution was dispensed in 1A well position for reagent blank. 146 

The holder was tapped to remove air bubbles from the liquid and was mixed well and incubated for 147 

30 min at room temperature. Liquid from each of the wells was removed and washed three times 148 

repeatedly with washing buffer. One hundred microliter (100µl) of enzyme conjugate was dispensed 149 

into each well and incubated for 30 min at room temperature.The enzyme conjugate was then 150 

removed from all the wells and washed repeated three times with washing buffer. One hundred 151 
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microliter (100µl) of TMB Chromogenic Substrate was then dispensed to each well a n d  a g a i n  152 

incubated for 15 minutes at room temperature. To stop the reaction, 100µl of 2NHCl was added and 153 

results was read using an automated ELISA machine. 154 

2.11 Statistical Analysis 155 

Descriptive statistical analysis was performed using SPSS 17.0. All statistical analyses were carried 156 

out using a 95% confidence interval, a significance level of P< 0.05 and Chi-Square test of 157 

independence was carried out for all contingency table. Relative risk (RR) was evaluated for 158 

significant risk factors. Questionnaires administered were evaluated to determine the correlation 159 

between seroprevalence and several risk factors using Two-tailed test of significance.  160 

3. RESULTS 161 

The overall prevalence of anti-toxoplasma antibodies detected by ELISA is presented in Table 1. Out 162 

of 192 pregnant women sampled from GwamnaAwam General Hospital Kakuri and Yusuf Dantsoho 163 

Memorial Hospital T/Wada, 31.3% showed evidence of toxoplasma infection. The highest prevalence 164 

of 39.6% was recorded among pregnant women at Yusuf Dantsoho Memorial Hospital T/Wada while 165 

relatively lower prevalence (22.9%) was recorded among women that attended antenatal clinic at 166 

GwamnaAwam General Hospital Kakuri. Statistical analysis indicated significant differences in 167 

seroprevalence of toxoplasmosis among pregnant women in the 2 health facilities (P < 0.05). 168 

Table 2 showed the seroprevalence of toxoplasma infection based on age of subjects sampled. The 169 

highest evidence of toxoplasma infection was recorded in 31-35yr. age group with a seroprevalence of 170 

67.7%. This was followed by women within 21-25, > 40 and 36-40 yr. age groups with 171 

seroprevalences of 34.6%, 28.5% and 27.8% respectively. The least prevalence (17.9%) of 172 

toxoplasma infection was recorded in pregnant women aged below 20 yrs. Among the different age 173 

groups, women aged between 31-35yr. age group were found to have higher risk of contracting 174 

toxoplasmosis than all other age groups (RR 4.620). 175 

Out of the 192 pregnant women tested, 64 were in their 1st trimester, 96 in 2nd trimester and 32 in 3rd 176 

trimester (Table 3). Pregnant women in their 2nd trimester showed the highest evidence of toxoplasma 177 

infection with seroprevalence of 35.4%, followed by women in their 3rd and 1st trimesters with 178 
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seroprevalence of 31.3% and 25.0%. Statistical analysis showed a significant difference between 179 

trimesters with respect to anti-toxoplasma antibodies (P< 0.05). 180 

From a total of 192 pregnant women examined, 149 had no history of miscarriage, 33 had 01 case of 181 

miscarriage while 10 have had more than 1 case of miscarriage (Table 4). The highest 182 

seroprevalence of toxoplasma infection was recorded in women who had one (1) history of 183 

miscarriage once (48.5%), followed by women that had more than 1 miscarriages in their life time with 184 

seropositivity of 40%. However, pregnant women with no history of miscarriage had significantly lower 185 

seroprevalence of 26.8%. Chi-Square analysis indicated a strong association between previous 186 

history of abortion and the presence of antibodies to toxoplasma infection (P< 0.05). Women with 187 

previous history of miscarriages are about 2x more likely to be infected with toxoplasmosis than 188 

women with no history of miscarriage (RR= 1.278) 189 

 Among the 192 pregnant women screen for toxoplasma antibodies, 111 had primary school 190 

certificate, 36 had secondary school certificate, 24 had tertiary certificate while 24 had no formal 191 

education (Table 5). The highest seropositivity of 37.8% was recorded among pregnant women who 192 

had only primary education, this was followed by women who had tertiary and secondary education 193 

with seroprevalence of 28.6% and 22.2% respectively. However, relatively lower seropositivity 194 

(16.7%) was recorded among pregnant women that had no formal education. Chi-Square test 195 

indicated a strong association between contracting toxoplasma infection and educational level of 196 

pregnant women in the study area (P < 0.05). 197 

The seropositivity of toxoplasmosis was found to be significantly higher (35.1%) among pregnant 198 

women that do not keep cats than women who keep cats (22.9%) (Table 6). Analysis of the data 199 

revealed that there was a significant statistical difference between women who keep cats and those 200 

who do not with regards to toxoplasma infection (P < 0.05).  201 

 202 
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 203 

Table1: Overall Prevalence of Toxoplasmosis 204 

Health Facility Number of Subject  

Examined 

Number of Subject  

Positive 

Percentage (%) of  

Subjects Positive 

GwamnaAwam General 

Hospital Kakuri 
96 22 22.9 

Yusuf Dantsoho Memorial 

Hospital Tudun Wada 
96 38 39.6 

Total 192 60 31.3 

  205 

   X2 = 14.267   Df = 1   P-value = 0.039 206 

 207 

 208 

 209 

 210 

 211 
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Table 2: Seroprevalence of T. gondii in Relation to Age of Sampled Women  212 

Age Number of Subject  

Examined 

Number of Subject  

Positive 

Percentage (%) of  

Subjects Positive 

Relative Risk (RR) 

<20 

21-25 

26-30 

31-35 

36-40 

>40 

39 

26 

71 

31 

18 

7 

7 

9 

16 

21 

5 

2 

17.9 

34.6 

22.5 

67.7 

27.8 

28.5 

0.481 

1.165 

0.640 

4.620 

0.846 

0.880 

Total 192 60 31.3  

   X
2 

= 25.600   Df = 5   P-value = 0.00 213 

 214 

 215 

 216 

 217 

 218 

 219 

 220 

 221 



11 

 

Table 3: Seroprevalence of T. gondii among Pregnant Women Based on Pregnancy Stages 222 

Pregnancy stage Number of 

Individuals 

Examined 

Number of 

Individuals 

 Positive 

Percentage (%) of 

Individuals 

Positive 

1
st

 trimester  

2
nd

  trimester 

3
rd

 trimester 

64 

96 

32 

16 

34 

10 

25.0 

35.4 

31.3 

Total 192 60 31.3 

 X2 = 15.600   Df = 2   P-value = 0.00 223 

 224 

 225 

 226 

 227 
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 228 

Table 4: Relationship of T. gondiiantibodies and previous history of miscarriage among sampled pregnant women 229 

History of Miscarriage Number of Subjects 

Examined 

Number of Subjects  

Positive 

Percentage (%) of  

Subjects Positive 

RR 

None 

Once 

Twice 

149 

33 

10 

40 

16 

4 

26.8 

48.5 

40 

0.553 

1.213 

1.278 

Total 192 60 31.3  

 X2 = 33.600,   Df = 2,P-value = 0.00 230 

 231 

 232 

 233 

 234 

 235 
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Table 5: Seroprevalence of Toxoplasmosis among Pregnant Women Based on Educational Status. 236 

Educational status Number of  Subjects 

Examined 

Number of Subjects  

Positive 

Percentage (%) of  

Subjects Positive 

Primary school 

Secondary school 

Tertiary school 

Others  

111 

36 

21 

24 

42 

8 

6 

4 

37.8 

22.2 

28.6 

16.7 

Total 192 60 31.3 

 X2 = 65.333   Df = 3   P-value = 0.00237 
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 238 

Table 6: Seroprevalence of toxoplasmosis among pregnant women based on keeping cat 239 

Do you 

keep cat? 

Number of  

Subjects 

Examined 

Number of 

Subjects 

Positive 

Percentage 

(%) of  

Subjects 

Positive 

RR 

Yes  

No 

61 

131 

14 

46 

22.9 

35.1                                                                                                                     

0.517 

1.122 

Total 192 60 31.3  

X
2 

= 17.067;  Df = 1;  P-value = 0.00 240 

 241 

4. DISCUSSION 242 

This study revealed the presence of IgM to T. gondii in pregnant women attending antenatal clinic at 243 

some health facilities in Kaduna metropolis and environs.  In T. gondii infection IgM and IgG are the 2 244 

main immune response exhibited by the host. The presence of IgM detected among the pregnant women 245 

sampled is indicative of either a recent T. gondii infections or reactivated dormant toxoplasmosis [28]. 246 

The overall seroprevalence of 31.3% recorded in this study is relatively higher than that  reported 247 

byOyinloyeet al. (2014)[29]  who recorded a prevalence rate of  22.2% in Maiduguri municipal council, 248 

Borno State Nigerian in a study of toxoplasmosis carried out among pregnant women. However,Ishakuet 249 

al. (2009) [28] in a similar study recorded 29.9% prevalence in Zaria, Kaduna State. Relatively lower 250 

prevalence of T. gondii infection (18.5%) reported by Awoke et al. (2015) [30]among pregnant women 251 

attending antenatal care at FelegeHiwotReferral Hospital, Northwest Ethiopia despite a higher 252 
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seroprevalence (83.6%) was earlier reported by Zemeneet al. (2012)[31] among pregnant women. 253 

Conversely, higher seroprevalence of 63.5% was reported in Colombia (32] and 77.5% in Brazil [33]. 254 

Higher prevalence were also reported in some neighbouring African countries from previous studies 255 

conducted with prevalence of 63.1% in São Tome and Principe [34], 34.1% in Sudan [35], 36.3% in 256 

Madagascar [36], 37.5% in Somalia [37]and in Ethiopia; 90% from HIV infected and HIV uninfected 257 

individuals [38]; 75% from a survey carried out in general population [39].The  detection of antibodies to 258 

T. gondii in many African countries including Nigeria underscore  the need for continuous education of 259 

women of child-bearing age on the consequences of the  infection on their unborn babies and ways of 260 

preventing toxoplasmosis.  261 

The variation in the prevalence of   T. gondii   with age of women tested has been affirmed by many 262 

author [40,41, 42,43].The present also demonstrate the effect of age on the prevalence of T. 263 

gondiiinfection among antenatal women, with the risk of exposure to T. gondii infection increasing with 264 

age. In the present study the highest percentage seropositivity  (67.7%) was recorded among the 31-265 

35yrs age group with a Relative Risk (RR) of 4.620 and lowest percentage positive (17.9%) per age 266 

group found among women <20 yr (RR= 0.481).Gebremedhinet al, (2013)[44] recorded 81.4% among 267 

women of child bearing age. Similarly, to the study of Zemeneet al. [31] that observed a significant 268 

association between seroprevalence of toxoplasmosis and age of individuals studied. Several intrinsic 269 

and extrinsic factors could have been responsible for variation among the different age groups. Some of 270 

which may include the level of personal hygiene and socio-economic status of the family, thus highlighting 271 

the need to continue to educate women of child-bearing age on prevention of toxoplasmosis. 272 

The relatively high seroprevalence (35.4%) of toxoplasma antibodies found in pregnant women at their 273 

second trimester of gestation period in the present study is in agreement with a study in Ethiopia by [45]. 274 

The authors recorded the highest seroprevalence of toxoplasma antibodies in pregnant women in their 275 

second trimester. 276 

The high seropositivity of 37.8% recorded among pregnant women who had only primary education 277 

compared to women with higher education level could be due to difference in knowledge and practice of 278 

personal hygiene. This is in agreement with the findings of other authors who reported that lower levels of 279 
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education were significantly associated with increased risk of toxoplasmosis [28]. This factor explains the 280 

variation observed among pregnant women of different occupations sampled. Toxoplasma gondii 281 

infection is acquired through ingestion of oocyst from contaminated environments in the community, 282 

regardless of occupation or educational level although sanitation and personal hygiene plays a significant 283 

role in the acquisition of infection. 284 

In previous reports [46, 47], regular contact with domestic animals such as cats and their litters were 285 

linked with T. gondii infection. However, this study observed the seropositivity of toxoplasmosis to be 286 

significantly higher (35.1%) among pregnant women that do not keep cats than women who keep cats 287 

(22.9%) (P<0.05) This may be because, the mere presence of cat in the house is not enough to confirm 288 

zoonosis but rather handling of cats’ litter is of more important. The findings in this study is consistence 289 

with studies conducted in Ethiopia [28] and Taiwan [29] 290 

5. CONCLUSION 291 

The seroprevalence of recorded toxoplasmosis among pregnant women surveyed in the study area is 292 

relatively high compared to similar studies carried out in other parts of Nigeria. The detection of IgM to 293 

toxoplasmosis in 31.3% of pregnant women in the study area is indicative of the endemicity of the 294 

infection among the populace in the state. Women at the age of 31-35yrs are found to be at higher risk of 295 

contracting toxoplasmosis than any other age group. Pregnancy stage (trimester) and history of 296 

miscarriage are found to be highly associated with toxoplasmosis. 297 

6. RECOMMENDATIONS 298 

Serological screening for toxoplasma infection should be conducted during antenatal clinics to enable 299 

early detection of infection.Public awareness should be embarked upon by relevant government agencies 300 

and non-governmental organisation (NGOs) to enlighten the populace on the consequences of 301 

toxoplasmosis and the need for prevention.  302 



14 

CONSENT 303 

All authors declared that written informed consent was obtained from the patient (or other approved 304 

parties) for publication of this paper and accompanying images. 305 

 306 

 307 

REFERENCES 308 

1. Calderaro A, Gorrini C, Montecchini S, Peruzzi S, Piccolo G, Rossi S, Gargiulo F, Manca N, 309 

Dettori G, Chezzi C. Evaluation of a real-time polymerase chain reaction assay for the detection 310 

of Dientamoebafragilis. Diagnostic Microbiology and Infectious Disease. 2010;67(3):239-45.  311 

2. Ryan KJ, Ray CG. Medical microbiology. McGraw Hill; 2004. 312 

3. UNAIDS U. USAID. Children on the brink: a joint report on new orphan estimates and a 313 

framework for action. UNAIDS, Geneva. 2004. 314 

4. Montoya JG. Toxoplasmosis. Lancet. 2004;363:1965-76. 315 

5. Winstanley P, Khoo S, Szwandt S, Edwards G, Wilkins E, Tija J, Coker R, McKane W, Beeching 316 

N, Watkin S, Breckenridge A. Marked variation in pyrimethamine disposition in AIDS patients 317 

treated for cerebral toxoplasmosis. Journal of Antimicrobial Chemotherapy. 1995;36(2):435-9. 318 

6. Torgerson PR, Mastroiacovo P. The global burden of congenital toxoplasmosis: a systematic 319 

review. Bulletin of the World Health Organization. 2013;91(7):501-8. 320 

7. Fekadu A, Shibre T, Cleare AJ. Toxoplasmosis as a cause for behaviour disorders-overview of 321 

evidence and mechanisms. Folia Parasitologica. 2010;57(2):105. 322 

8. Boyer KM, Holfels E, Roizen N, Swisher C, Mack D, Remington J, Withers S, Meier P, McLeod R, 323 

Toxoplasmosis Study Group. Risk factors for Toxoplasma gondii infection in mothers of infants 324 

with congenital toxoplasmosis: implications for prenatal management and screening. American 325 

Journal of Obstetrics and Gynecology. 2005;192(2):564-71. 326 

9. Simpore J, Savadogo A, Ilboudo D, Nadambega MC, Esposito M, Yara J, Pignatelli S, Pietra V, 327 

Musumeci S. Toxoplasma gondii, HCV, and HBV seroprevalence and co‐infection among 328 

HIV‐positive and‐negative pregnant women in Burkina Faso. Journal of Medical Virology. 329 

2006;78(6):730-3. 330 

10. El-Awady MK, El-Hosseiny LA, Ismail SM, Abdel-Aziz MT, El-Demellawy MA. Comparison 331 

between Toxoplasma gondii DNA and specific immunoglobulins during pregnancy. Eastern 332 

Mediterranean Health Journal. 2000;6(5-6):888-9. 333 

11. Dubey JP, Beattie CP. Toxoplasmosis of animals and man. CRC Press, Inc.; 1988. 334 

12. Stepick-Biek P, Thulliez P, Araujo FG, Remington JS. 19A Antibodies for Diagnosis of Acute 335 

Congenital and Acquired Toxoplasmosis. Journal of Infectious Diseases. 1990;162(1):270-3. 336 

13. Hill R, Song Y, Cardiff RD, Van Dyke T. Selective evolution of stromal mesenchyme with p53 loss 337 

in response to epithelial tumorigenesis. Cell. 2005;123(6):1001-11. 338 

14. Black MW, Boothroyd JC. Lytic cycle of Toxoplasma gondii. Microbiology and Molecular Biology 339 

Reviews. 2000;64(3):607-23. 340 

15. Al-Qurashi AR, Ghandour AM, Obeid OE, Al-Mulhim A, Makki SM. Seroepidemiological study of 341 

Toxoplasma gondii infection in the human population in the Eastern Region. Saudi Medical 342 

Journal. 2001;22(1):13-8. 343 

16. Bisson A, Maley S, Rubaire-Akiiki CM, Wastling JM. The seroprevalence of antibodies to 344 

Toxoplasma gondii in domestic goats in Uganda. ActaTropica. 2000;76(1):33-8. 345 



15 

17. Arko-Mensah J, Bosompem KM, Canacoo EA, Wastling JM, Akanmori BD. The seroprevalence 346 

of toxoplasmosis in pigs in Ghana. ActaTropica. 2000;76(1):27-31. 347 

18. Pelloux H, Brenier-Pinchart MP, Fricker-Hidalgo H. Protozoan infections in humans: congenital 348 

toxoplasmosis. European Journal of Protistology. 2003;39(4):444-8. 349 

19. Dubey JP. Toxoplasmosis–a waterborne zoonosis. VeterinaryParasitology. 2004;126(1):57-72. 350 

20. Dawson HD, Beshah E, Nishi S, Solano-Aguilar G, Morimoto M, Zhao A, Madden KB, Ledbetter 351 

TK, Dubey JP, Shea-Donohue T, Lunney JK. Localized multigene expression patterns support an 352 

evolving Th1/Th2-like paradigm in response to infections with Toxoplasma gondii and 353 

Ascarissuum. Infection and immunity. 2005;73(2):1116-28. 354 

21. Flegr J, Kodym P, Tolarová V. Correlation of duration of latent Toxoplasma gondii infection with 355 

personality changes in women. Biological Psychology. 2000;53(1):57-68. 356 

22. Liesenfeld O, Press C, Montoya JG, Gill R, Isaac-Renton JL, Hedman K, Remington JS. False-357 

positive results in immunoglobulin M (IgM) toxoplasma antibody tests and importance of 358 

confirmatory testing: the PlateliaToxoIgM test. Journal of Clinical Microbiology. 1997;35(1):174-8. 359 

23. Bobic B, Šibalić D, Djurkovic-Djakovic O. High levels of IgM antibodies specific for Toxoplasma 360 

gondii in pregnancy 12 years after primary toxoplasma infection.Gynecologic and Obstetric 361 

Investigation. 1991;31(3):182-4. 362 

24. Pinon JM, Toubas D, Marx C, Mougeot G, Bonnin A, Bonhomme A, Villaume M, Foudrinier F, 363 

Lepan H. Detection of specific immunoglobulin E in patients with toxoplasmosis. Journal of 364 

Clinical Microbiology. 1990;28(8):1739-43. 365 

25. Wong SY, Hajdu MP, Ramirez R, Thulliez P, McLeod R, Remington JS. Role of specific 366 

immunoglobulin E in diagnosis of acute toxoplasma infection and toxoplasmosis. Journal of 367 

Clinical Microbiology. 1993;31(11):2952-9. 368 

26. Montoya JG, Remington JS. Studies on the serodiagnosis of toxoplasmic lymphadenitis. Clinical 369 

Infectious Diseases. 1995;20(4):781-9. 370 

27. Oluwole OA. Residential Mobility and Socio-Spatial Sorting in Kaduna Metropolis, Nigeria. The 371 

Indonesian Journal of Geography. 2013;45(2):125. 372 

28. Ishaku B, Ajogi I, Umoh JU, Lawal I, Randawa AJ. Seroprevalence and risk factors for 373 

Toxoplasma gondii infection among antenatal women in Zaria, Nigeria. Res J Medicine & Med 374 

Sc. 2009;4:483-8. 375 

29. Oyinloye SO, Igila-Atsibee M, Ajayi B, Lawan MA. Serological screening for ante-natal 376 

toxoplasmosis in Maiduguri municipal council, Borno state, Nigeria. African Journal of Clinical and 377 

Experimental Microbiology. 2014;15(2):91-6. 378 

30. Awoke K, Nibret E, Munshea A. Sero-prevalence and associated risk factors of 379 

Toxoplasmagondii infection among pregnant women attending antenatal care at FelegeHiwot 380 

Referral Hospital, northwest Ethiopia. Asian Pacific Journal of Tropical Medicine. 2015;8(7):549-381 

54. 382 

31. Zemene E, Yewhalaw D, Abera S, Belay T, Samuel A, Zeynudin A. Seroprevalence of 383 

Toxoplasma gondii and associated risk factors among pregnant women in Jimma town, 384 

Southwestern Ethiopia. BMC Infectious Diseases. 2012;12(1):337. 385 

32. Pappas G, Roussos N, Falagas ME. Toxoplasmosis snapshots: global status of Toxoplasma 386 

gondii seroprevalence and implications for pregnancy and congenital toxoplasmosis. International 387 

journal forParasitology. 2009;39(12):1385-94. 388 

33. Gilbert RE, Freeman K, Lago EG, Bahia-Oliveira LM, Tan HK, Wallon M, Buffolano W, Stanford 389 

MR, Petersen E, European Multicentre Study on Congenital Toxoplasmosis (EMSCOT. Ocular 390 

sequelae of congenital toxoplasmosis in Brazil compared with Europe. PLoSNegl Trop Dis. 391 

2008;2(8):e277. 392 

34. Fan CK, Liao CW, Wu MS, Su KE, Han BC. Seroepidemiology of Toxoplasma gondii infection 393 

among Chinese aboriginal and Han people residing in mountainous areas of northern Thailand. 394 

Journal of Parasitology. 2003;89(6):1239-42. 395 

35. Elnahas A, Gerais AS, Elbashir MI, Eldien ES, Adam I. Toxoplasmosis in pregnant Sudanese 396 

women. Saudi Medical Journal. 2003;24(8):868-70. 397 



16 

36. Dromigny JA, Pecarrere JL, Leroy F, Ollivier G, Boisier P. Prevalence of toxoplasmosis in 398 

Tananarive. Study conducted at the Pasteur Institute of Madagascar (PIM) on a sample of 2354 399 

subjects. Bulletin de la Societe de PathologieExotique (1990). 1995;89(3):212-6. 400 

37. Ahmed HJ, Mohammed HH, Yusuf MW, Ahmed SF, Huldt G. Human toxoplasmosis in Somalia. 401 

Prevalence of Toxoplasma antibodies in a village in the lower Scebelli region and in Mogadishu. 402 

Transactions of the Royal Society of Tropical Medicine and Hygiene. 1988;82(2):330-2. 403 

38. Shimelis T, Tebeje M, Tadesse E, Tegbaru B, Terefe A. Sero-prevalence of latent Toxoplasma 404 

gondii infection among HIV-infected and HIV-uninfected people in Addis Ababa, Ethiopia: A 405 

comparative cross-sectional study. BMC Research Notes. 2009;2(1):213. 406 

39. Guebre-Xabier M, Nurilign A, Gebre-Hiwot A, Hailu A, Sissay Y, Getachew E, Frommel D. Sero-407 

epidemiological survey of Toxoplasma gondii infection in Ethiopia. Ethiopian Medical Journal. 408 

1993;31(3):201-8. 409 

40. Jones JL, Kruszon-Moran D, Wilson M, McQuillan G, Navin T, McAuley JB. Toxoplasma 410 

gondiiinfection in the United States: seroprevalence and risk factors. AmericanJournal of 411 

Epidemiology. 2001 Aug 15;154(4):357-65. 412 

41. Kamani J, Mani AU, Egwu GO, Kumshe HA. Seroprevalence of human infection with Toxoplasma 413 

gondii and the associated risk factors, in Maiduguri, Borno state, Nigeria. Annals of Tropical 414 

Medicine & Parasitology. 2009;103(4):317-21. 415 

42. Bobić B, Jevremović I, Marinković J, Šibalić D, Djurković-Djaković O. Risk factors for Toxoplasma 416 

infection in a reproductive age female population in the area of Belgrade, Yugoslavia. European 417 

Journal of Epidemiology. 1998;14(6):605-10. 418 

43. Akinbami AA, Adewunmi AA, Rabiu KA, Wright KO, Dosunmu AO, Dada MO, Adeyemo TA. 419 

Seroprevalence of Toxoplasma gondii antibodies amongst pregnant women at the Lagos State 420 

University Teaching Hospital, Nigeria. The Nigerian Postgraduate Medical Journal. 421 

2010;17(2):164-7. 422 

44. Gebremedhin EZ, Abebe AH, Tessema TS, Tullu KD, Medhin G, Vitale M, Di Marco V, Cox E, 423 

Dorny P. Seroepidemiology of Toxoplasma gondii infection in women of child-bearing age in 424 

central Ethiopia. BMC Infectious Diseases. 2013;13(1):101. 425 

45. Gelaye W, Kebede T, Hailu A. High prevalence of anti-toxoplasma antibodies and absence of 426 

Toxoplasma gondii infection risk factors among pregnant women attending routine antenatal care 427 

in two Hospitals of Addis Ababa, Ethiopia. International Journal of Infectious Diseases. 428 

2015;34:41-5. 429 

46. Abu-Madi MA, Behnke JM, Dabritz HA. Toxoplasma gondii seropositivity and co-infection with 430 

TORCH pathogens in high-risk patients from Qatar. The American Journal of Tropical Medicine 431 

and Hygiene. 2010;82(4):626-33. 432 

47. Nijem KI, Al Amleh S. Seroprevalence and associated risk factors of toxoplasmosis in 433 

pregnant women in Hebron district, Palestine. 2009. 434 

 435 


