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MATERNAL TOXOPLASMA GONDII INFECTION AND VERTICAL TRANSMISSION PATTERNS AMONG PREGNANT WOMEN AT A TERTIARY HEALTH FACILITY

ABSTRACT

Background: Toxoplasmosis caused by the organism Toxoplasma gondii is one in the group of infections termed TORCHeS infection. Gestational toxoplasmosis when transmitted from a mother to her child leads to miscarriages, preterm labour, intrauterine fetal death and then for babies who survive intrauterine life congenital toxoplasmosis characterized by hydrocephalus, microcephaly, seizures, learning difficulties and mental retardation. 
Aim and Objectives: To determine the prevalence of Toxoplasma gondii in pregnant women, associated risk factors, neonatal outcomes and the risk of vertical transmission.
Methodology: A prospective cross-sectional study comprising all pregnant women, 28 weeks and above, who had antenatal care and delivery at the University of Port Harcourt Teaching Hospital was conducted. The women were tested for Toxoplasma gondii IgG and IgM antibodies at delivery after relevant data was collected with a semi structured questionnaire during the antenatal period. For mothers who tested positive, blood was taken from the umbilical cord immediately after delivery of the baby and tested for IgG and IgM to check for vertical transmission. Data was analyzed with SPPSS version 25. Means and standard deviations, proportions and frequencies were used to categorize data. Association of risk factors was analyzed using Chi-square, Odds ratio and Fisher’s exact test. Statistical significance was set at P value ≤ 0.05.
Results: One hundred and seventy-nine patients were studied. Mean age was 31.6 ± 4.1 years. The prevalence of Toxoplasma gondii infection was 30.2%. More than half of pregnant women 40 years and above tested, 12 (66.7%) were positive for Toxoplasma IgG antibody. Infection rate was significantly lower in younger age groups. Eating meat from external vendors, previous blood transfusion, drinking untreated water, having a domestic pet and farming increased the risk for Toxoplasma gondii infection. There was no vertical transmission. 
Conclusion: Knowledge of Toxoplasma gondii infection is very low. There was a higher rate of infection with advancing age, low level of education, occupation, drinking of untreated water and previous history of blood transfusion. There is need for more public awareness on Toxoplasma gondii infection and its risk factors.
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1. INTRODUCTION

Toxoplasmosis is a parasitic infection caused by the organism Toxoplasma gondii (T. gondii) (Deji-Agboola et al., 2011). It is a disease of public health importance and infections in pregnant women could lead to fatal consequences to the mother and her baby (Deji-Agboola et al., 2011; Mousavi-Hasanzadeh et al., 2020). Toxoplasmosis belongs to a group of dreaded infections occurring in pregnant women called TORCHeS infections. Other infections in this spectrum are Syphilis (caused by Treponema pallidum), Hepatitis B (caused by Hepatitis B virus), Rubella (caused by Rubella virus), Cytomegalovirus infection (caused by Cytomegalovirus) and Herpes simplex (caused by Herpes simplex viruses 1 and 2) (Mocanu et al., 2022). These TORCHeS complex infections when transmitted to the fetus during intrauterine life could lead to congenital malformations in up to 2 to 3% of offspring (Zhang et al., 2022). 
The T. gondii organism is a ubiquitous obligate intracellular coccidian protozoan that infects a wide variety of domestic animals such as cats, dogs, birds and even humans (Deji-Agboola et al., 2011; İnceboz et al., 2021). The infection occurs worldwide with about one third of the world’s population infected with the pathogen and most of the cases are reported in Africa and South America (Hamza et al., 2022; Ayeah et al., 2022; Karshima et al., 2020). Toxoplasmosis is ranked fourth among 24 most significant food borne parasite by the World Health Organization (WHO) and the United Nations Food and Agricultural Organization (FAO) (Ayeah et al., 2022). 
Toxoplasmosis was first described in 1908 by Nicolle and Manceaux in Northern Africa but its lifecycle was not known until 1960 (Chalampuente, 2020).  Household felines are a major source of the transmission to humans through oocysts excreted in their faeces. Other sources of human infection include ingestion of poorly cooked meat infected with the cysts of T. gondii, food or water contaminated with the oocyst, blood transfusion with infected blood and vertical transmission from an infected mother to her offspring (Hamza et al., 2022; Ayeah et al., 2022; Karshima et al., 2020). A number of variables, including the host's immunological system, cultural behavior, personal hygiene habits, food type, and cooking techniques, can affect the spread of T. gondii (Ayeah et al., 2022). 
Toxoplasmosis infection is mostly asymptomatic and self-limiting in immunocompetent individuals (Andiappan et al., 2014; Saad et al., 2020). However, it may become a life-threatening opportunistic infection in immunocompromised people like those living with HIV/ AIDS where it occurs mostly due to reactivation of latent infections (Ayeah et al., 2022; Otu-Bassey et al., 2023; Van der Colf et al., 2020). The risk factors associated with the infection include keeping cats as pets, soil contact, higher parity and eating raw unwashed vegetables (Hamza et al., 2022; Frimpong et al., 2017).

Gestational toxoplasmosis is of public health importance due to the risk of mother to child transmission, which could lead to miscarriages, stillbirths, preterm delivery, birth defects and congenital toxoplasmosis (Vueba et al., 2020). Congenital toxoplasmosis arising from mother to child transmission can lead to hydrocephalus, microcephaly, seizures, learning difficulties, mental retardation, hearing impairments, chorioretinitis and visual loss (Vueba et al., 2020; Edward et al., 2023). Some neurologic disorders in adulthood have been associated with toxoplasmosis like anxiety, schizophrenia, depression, self-harm as well as suicidal tendencies (Otu-Bassey et al., 2023; Da Silva et al., 2015; Ayi et al., 2010).
Although, most of the pregnant women with toxoplasmosis are asymptomatic, they are still capable of transmitting the infection to their babies (Edward et al., 2023). The commonest means of transmission is hematogenous spread through the placenta. The risk of hematogenous transmission of toxoplasmosis increases with gestational age, so women are more likely to transmit the infection to their babies in the last third of pregnancy than in the first and second thirds (Ayeah et al., 2022). Thus, the rate of vertical transmission increases from about 15% during the first trimester to over 70% at 36 weeks although the babies infected at later gestations tend to be asymptomatic at birth (Edward et al., 2023; Gyang et al., 2015). 
It usually presents like flu and has a latency period of 5 – 18 days after exposure to the pathogen (Ayi et al., 2010). Immunoglobulin M (IgM) and immunoglobulin G (IgG) antibody serological testing is routinely used to diagnose T. gondii infection. Within the first week following infection, IgM antibodies which signal recent infection are formed and within months, they drop to undetectable levels. While IgG antibodies, which indicate chronic infection and may be present for life, develop 2-4 weeks following IgM antibodies (Ayi et al., 2010).  The detection of IgG and IgM antibodies in serum is still the most common method used for primary screening (Frimpong et al., 2017). DNA Polymerase chain reaction is 100% specific for the detection of T. gondii (Elsheikha et al., 2020).
Treatment for pregnant women who are infected with T. gondii involves the use of Spiramycin which is administered orally to reduce risk of vertical transmission. Sulphonamide and pyrimethamine combination in high doses can also be used for treatment especially when infection is acquired in third trimester (İnceboz et al., 2021; Elsheikha et al., 2020). The infected newborns are also treated with sulphonamide and pyrimethamine combination for up to one year of age (Elsheikha et al., 2020). Chorioretinitis can still occur despite treatment, so they are encouraged to continue long term ophthalmological follow up (Elsheikha et al., 2020). Toxoplasmosis is common in pregnant women in low- and middle-income countries (Hamza et al., 2022). Despite its high prevalence, not many studies have been done in South-South, Nigeria. Available studies were not done in the third trimester where there is increased risk of transmission and they also did not assess for vertical transmission to the offspring who deal with the long-term consequence of the disease (Ayi et al., 2010). The study therefore aims at assessing the rate of T. gondii infection among women in late pregnancy, evaluating possible risk factors for its infection and investigating the risk of transmission to their newborns. This will help reduce vertical transmission and its long-term sequelae in their offspring.
2. MATERIAL AND METHODS
Study Area

This study was carried out at the department of Obstetrics and Gynaecology, University of Port Harcourt Teaching Hospital (UPTH). The University of Port Harcourt Teaching Hospital is located in Alakahia town, in Obio-Akpor Local Government Area of Rivers State, along the East-West road. It is a tertiary health facility established in 1985 with 988 beds. It offers specialized care to Rivers State and neighbouring states. 
The antenatal clinic holds every weekday and about 300 pregnant women both new and returning patients are seen every week.  At each clinic visit, the women have a health education session and then their weight and vital signs are checked. The health talk does not incorporate specific prevention strategies for T. gondii infection. There is however encouragement for improved general hygiene in all activities for example adequate hand washing. Their urine is examined for protein, ketones, and glucose and then they are called to be seen by the doctors.

The department of Obstetrics and Gynaecology has 175 bed spaces, of which the labour ward complex has 13 bed spaces. It also has an obstetric theatre with 2 theatre suites; annexed to it is the special care baby unit (SCBU). Patients who present are first evaluated by the midwives, there are about five of them per shift duty. The labour ward is covered by one consultant, two senior registrars, two junior registrars and two-house officers between 8a.m and 4p.m and after 4 p.m, and during the weekends it is covered by the team on call including the consultants. The anaethesiology and paediatrics departments have teams that cover the labour ward daily. An average of 1000 deliveries take place every year.

The hospital has a medical microbiology and parasitology department. Its staff members include consultant medical microbiologists, resident doctors, medical laboratory scientists, technicians, and other support staff. The microbiology laboratory is well equipped for this research.
Study Design
This was a prospective cross-sectional study of 179 pregnant women who presented for both vaginal and abdominal deliveries between June 1, and September 30, 2024. The purpose of the study was duly explained to them during antenatal period, and informed consent obtained. Their socio-demographic characteristics, risk factors for toxoplasma infection, knowledge of toxoplasmosis, comorbidities and delivery outcomes were documented in a structured interviewer-administered data collection tool. At delivery, maternal and cord blood sample were collected. The study tool was pre-tested among twenty women who presented for regular antenatal visits in UPTH. Questions on occupation and water sources were adjusted to ensure appropriate understanding and correct responses.
Study Population
All pregnant women who presented to the University of Port Harcourt Teaching Hospital for antenatal care and had their deliveries in the hospital. 
Selection Criteria
Inclusion Criteria: All pregnant women in the last trimester who gave consent to participate in the study.
Exclusion Criteria: All women who did not give consent, Women currently on management for confirmed acute toxoplasmosis
Sampling Technique: A convenience sampling technique was used to recruit the study participants.  All patients who met the eligibility criteria at the antenatal clinic and gave consent were recruited for the study.                                                                                                                                                       
Research Protocol                                                                                                                       Pregnant women in the third trimester attending the antenatal clinic were counselled about the study including their right not to participate. For those who gave consent, the socio-demographic characteristics, obstetric characteristics, risk factors, as well as knowledge about toxoplasmosis were obtained and filled in the proforma. Their case files were tagged with unique identifier numbers for easy identification when they presented for delivery. Women who were found to be positive were counselled and treatment offered. All babies were examined at birth by the neonatologists to rule out congenital malformations.

The laboratory work was carried out at the medical microbiology and parasitology department of the University of Port Harcourt Teaching Hospital under the supervision of a consultant medical microbiologist. The processing of the samples was done by resident doctors in the department with the principal researcher actively involved in the process. Permission was obtained from the head of the medical microbiology and parasitology department for the use of its facilities. 

Two research assistants and a doctor were trained with practical lectures and illustration videos on how to counsel patients, obtain informed consent, fill the questionnaire, collect samples and handle the specimens. A Consultant microbiologist coordinated the ELISA testing with the primary researcher present at every stage.
Sample Collection and Serological Analyses   

Five millilitres of blood was collected from the patient’s cubital vein using a sterile syringe and needle with the application of tourniquet after proper aseptic precautions. This was coded M. After delivery of the baby, umbilical cord blood was collected from the umbilical vein and coded B. Plain sterile containers were used to collect both samples. Screening for toxoplasma antibodies (IgG and IgM) were done for all maternal samples. Mothers who tested positive had their babies’ umbilical cord blood samples taken and analyzed for IgM antibodies. The quantitative ELISA kits for both IgM and IgG assay were used. 

The blood samples were centrifuged and the serum was stored at a temperature of 2 to 8°C in the laboratory refrigerator. When the number of samples that can be analyzed in a batch was reached, the samples were thawed and analysis commenced. 

The stock wash buffer was diluted with 100 mL of distilled water. The micro wells were numbered, including 2 for negative control, 1 for positive control, and 1 for blank. A 1:40 dilutions was prepared by adding 5 µL to the test samples, negative control, positive control, and calibrators to 200 µL of sample diluent and mixed well. A 100 µL of diluent sera, calibrators, and controls were dispensed into the appropriate wells. For the blank reagent, 100 µL sample diluent was dispensed in 1A well position. The holder was tapped to remove air bubbles from the liquid and mixed well. It was incubated for 30 minutes at room temperature. Liquid was then removed from all the wells and washed three times using the washing buffer. A 100 µL of enzyme conjugate was added to each well and incubated for 30 mins at room temperature. The enzyme conjugate was removed from all the wells and washing done three times with washing buffer. A 100 µL of chromogenic substrate was then poured into each well and incubated for 15 minutes at room temperature before a 100 µL of the stop solution was added. The result was read immediately at 450 nm with a microwell reader.
Data Analysis
Data was entered into a proforma designed for the study and analyzed with the Statistical Package for Social Sciences version 25 (IBM, USA). Continuous variables were summarized using means and standard deviations, and categorical variables were expressed as proportions and frequencies. The difference in proportions was compared using Chi-square test for risk factors with more than 2 possibilities and Odds ratio for rare variable with only 2 options. The Fisher’s exact test was used to calculate the p value for Odds ratio. An observation was said to be statistically significant if the p-value is ≤0.05).

Ethical Consideration
Ethical clearance was obtained from the Health and Research committee of the Teaching hospital. Throughout the research, the ethical precepts of autonomy, beneficence, non-maleficence, fairness, and honesty were meticulously upheld. 
3. RESULTS
One hundred and seventy-nine pregnant women who attended antenatal care and delivered their babies were recruited into the study. They filled the study questionnaire; samples were taken before delivery and cord blood samples were taken from their babies at birth.

The age of the study participants ranged from 21 to 46 years with a mean age of 31.6 ± 4.1 years. The highest proportion of respondents were in the 30 -34 years age group 65 (36.31%). Majority 114(63.7%) of respondents attained tertiary education with two respondents achieving only primary education. Eighty-six (48.0%) of the respondents were skilled workers constituting the largest proportion. Most 175 (97.7%) of the women were married, and 153(85.5%) were Para 2 and below.

Of the179 pregnant women, 54 (30.2%) were seropositive for Toxoplasma gondii IgG, giving a prevalence of 30.2%. The seropositivity for Toxoplasma gondii IgG increased with maternal age. More than half (66.7%) of pregnant women above 40 years tested were positive for Toxoplasma IgG antibody. Women with secondary level of education had the highest prevalence of Toxoplasma gondii infection (34.9%), unskilled workers had the highest prevalence of toxoplasma gondii infection (33.3%). Women who were Para 3 had the highest toxoplasma infection with a prevalence of 47.4%. This is shown in Table 1.
Regarding the presence of previous Toxoplasma gondii infection (IgG antibody seropositive) and acute/ongoing infection (IgM seropositive) among the study participants, none were seropositive for IgM antibody indicating that there was no ongoing infection. Table 2 shows the proportion for different combinations of IgG and IgM testing among the women.

The prevalence of IgG seropositive for Toxoplasma gondii infection in relation to risk factors showed that those who eat meat from external vendors had a high infection rate of 32.5% with 7.2 odds of a pregnant woman having previous toxoplasma infection if she eats meat from external vendors (p value < 0.05). Farming was also found to be associated with finding of IgG Toxoplasma gondii (prevalence 31.8%, Odds ratio 1.11 (0.53- 2.31). The water source was shown to be more from untreated sources 119 (66.5%) than from treated sources 60 (33.5%). IgG toxoplasma infection was associated with drinking untreated water (Odds ratio 1.66 CI 0.82-3.38). Having a cat or domestic animals as pet increased the odds of having IgG toxoplasma gondii infection by 1.63. This was not statistically significant (p>0.05). The women who had received blood transfusion in the past had higher IgG positivity (prevalence 75%, Odds ratio 7.29). This is shown in Table 3.

The IgM analysis of the umbilical cord blood of neonates of Toxoplasma gondii infected mothers did not reveal any Toxoplasma gondii infection. There was therefore no vertical transmission of Toxoplasma gondii infection among study participants. The prevalence of IgG seropositive for Toxoplasma gondii among the study subjects in relation to neonatal outcomes showed the infection did not increase the chance of having a miscarriage, Odds ratio 1.4 (Table 4). The birth weight of the children born to IgG positive mothers was between 2.5 kg to 3.9kg and all the new born had good APGAR scores. (Table 5). There was very poor knowledge about Toxoplasma gondii infection among study participants. Only 1 (0.6%) participant had knowledge of toxoplasma infection and its risk factors. (Figure 1).
Table 1: Prevalence of Toxoplasma gondii IgG antibody positivity among antenatal clients in relation to socio demographic factors
	
	Toxoplasma Gondii IgG 
	
	
	

	Socioeconomic factors
	No.tested
	No Infected (%)
	X2
	Df
	p-value

	Age (years)
	
	
	
	
	

	20- 24
	15
	4 (26.7)
	12.448
	4
	0.01

	25 – 29
	48
	8 (16.7)
	
	
	

	30 – 34
	65
	20 (30.8)
	
	
	

	35 – 39

≥ 40 
	39

12
	14 (35.9)

8 (66.7)
	
	
	

	
	 
	
	
	
	

	Educational level
	
	
	
	
	

	Primary
	2 
	0 (0.00
	1.778
	2
	0.41

	Secondary
	63 
	22 (34.9)
	
	
	

	Tertiary
	114 
	32 (28.1)
	
	
	

	
	
	
	
	
	

	Occupation
	
	
	
	
	

	Unskilled
	12
	4 (33.3)
	0.594
	3
	0.898

	Semi-skilled
	45
	14 (31.1)
	
	
	

	Skilled
	86
	27 (31.4)
	
	
	

	Professional
	36
	9 (25.0)
	
	
	

	
	
	
	
	
	

	Marital Status
	
	
	
	
	

	Married
	175
	52 (29.7)
	2.346
	2
	0.309

	Single
	1
	1 (100.0)
	
	
	

	Cohabiting Divorced
	3

0
	1 (33.3)

0 (0.0)
	
	
	

	
	
	
	
	
	

	Parity

Para 0
	50
	9 (18.0)
	7.422
	4
	0.115

	Para 1
	54
	19 (35.2)
	
	
	

	Para 2
	49
	14 (28.6)
	
	
	

	Para 3
	19
	9 (47.4)
	
	
	

	≥ Para 4
	7
	3 (42.9)
	
	
	


X2 = Chi square value, p value < 0.05 is statistically significant

Table 2: Specific anti – Toxoplasma gondii IgG and IgM antibodies in Pregnant women
	Antibodies 
	Number
	Proportion

	IgG (+); IgM(+)
	0
	0

	IgG(+); IgM(-)
	54
	0.3

	IgG (-), IgM (-)
	125
	0.7

	Total
	179
	


IgG: evidence of previous infection, IgM: evidence of active infection

Table 3: Relationship between risk factors and seropositivity with Toxoplasma gondii 
	Risk factors
	No of women tested
	No. Seropositive
	Prevalence (%)
	Odds ratio (95% CI)
	P value

	Have cats and other domestic animals
	
	
	
	
	

	Yes
	28
	11
	39.3
	1.63

(0.70-3.75)
	0.71

	No
	151
	43
	28.5
	
	

	Involved in farming
	
	
	
	
	

	Yes
	44
	14
	31.8
	1.11

(0.53-2.31)
	0.46

	No
	135
	40
	3.0

	
	

	Testing raw meat or eating meat while undercooked
	
	
	
	
	

	Yes 
	157
	46
	29.3
	0.73

(0.28-1.84)
	0.32

	No
	22
	8
	36.4
	
	

	Eat meat from external vendors
	
	
	
	
	

	Yes
	163
	53
	32.5
	7.23

(0.93-56.17)
	0.01

	No
	16
	1
	6.3
	
	

	Purity of water source
	
	
	
	
	

	Untreated
	119
	40
	33.6
	1.66

(0.82-3.38)
	0.11

	Treated
	60
	14
	23.3
	
	

	Previous blood transfusion
	
	
	
	
	

	Yes
	4
	3
	75.0
	7.294

(0.74-71.78)
	0.05

	No
	175
	51
	29.1
	
	


P value from Fisher’s exact test < 0.05 significant

Table 4: Relationship between IgG Toxoplasma gondii seropositivity and history of recurrent spontaneous abortions
	
	Number tested
	IgG positive mother 
	Prevalence (%)
	Odds ratio (95% CI)
	P value

	Previous Miscarriage
	
	
	
	
	

	Yes
	14
	3
	21.4
	0.609

(0.16-2.19)
	0.852

	No
	165
	51
	30.9
	
	


P value from Fisher’s exact test < 0.05 significant

Table 5: Relationship between Index pregnancy outcomes and Toxoplasma gondii IgG seropositivity
	
	Toxoplasma gondii IgG 
	
	
	

	Pregnancy outcome
	No. of mothers tested
	No of mothers Infected (%)
	X2
	Df
	P-value

	Birth weight (kg)
	
	
	
	
	

	< 2.5
	8 
	1 (12.5)
	1.536
	2
	0.464

	2.5 - 3.9
	166 
	52 (31.3)
	
	
	

	≥ 4kg
	5 
	1 (20.0)
	
	
	

	APGAR Score
	
	
	
	
	

	Good
	173
	54 (31.2)
	2.681
	2
	0.263

	Mild asphyxia
	3
	0 (0.0)
	
	
	

	Moderate asphyxia
	3
	0 (0.0)
	
	
	


X2 = Chi square value, p value < 0.05 is statistically significant
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Fig 1: Knowledge of Toxoplasma gondii infection among antenatal clinic attendees
4. DISCUSSION
This was a cross-sectional study carried out on 179 mothers who were delivered of their babies at the University of Port Harcourt Teaching Hospital. Both maternal and the umbilical cord blood of their babies were tested for antibodies (IgG and IgM) using the Enzyme-linked Immunosorbent Assay (ELISA) technique. The overall seroprevalence of T. gondii infection among the pregnant women was 30.2%. which is similar to 34.6% in Ile Ife (Mose et al., 2020), 33.3% in Birnin Kebbi (Umar et al., 2016) and 30.9% in Tanzania (Robinson et al., 2021). This is lower than that of Lagos 40.8% (Akinbami et al., 2010), Calabar 53.3% (Otu-Bassey et al., 2023), Ghana 92.5% (Frimpong et al., 2017), and Cameroun 80% (Hamza et al., 2022). These differences in seroprevalence may be due to variations in geography and lifestyle.

Of the 179 women tested, none was positive for T. gondii IgM, this implies that all infections were old and not within the past few months. This was similar to findings in Jos (Akubuilo et al., 2020), Gombe (Morris et al., 2021) and Zambia (Bamba et al., 2017). It is lower than 10.94% in Ile Ife (Olusi et al., 2023) and 8.9% in Maidugri (Nasir et al., 2015). This may be due to the fact that the study was done in an urban area where most of the women are informed about infection control practices and most of the women in the study had antenatal care in the hospital.

There was statistically significant increased seropositivity with increasing age. Most of the women who tested positive were aged 30 years and above. This is in keeping with studies in Jos (Akubuilo et al., 2020), Ile Ife (Olusi et al., 2023) and Cameroun which also showed increasing rate of IgG positivity with age. This may be due to younger people being more enlightened about infection prevention practices available on the media compared to older people and difference in eating habits.

Although not statistically significant, women with secondary level of education had the highest prevalence compared with those with tertiary level of education, same for unskilled workers compared to those who are semi-skilled, skilled and professionals. Similar observations were made in Ile Ife (Olusi et al., 2023), Kano (Edward et al., 2023), Cameroun (Hamza et al., 2022), Ethiopia (Agmas et al., 2015) and Saudi Arabia (Saad et al., 2020) where studies showed lower infection rates with increasing level of education. This may be due to knowledge of infection control practices among educated and economically empowered woman compared to poorly educated and unskilled women. 
Like previous studies done in Jos (Akubuilo et al., 2020), and Kano (Edward et al., 2023), this study showed that drinking of untreated water like bore hole and sachet water was associated with increased risk of the infection. This may be due to contamination of the water body with run offs from infected soil and the oocyst can survive for a long time and then re-activated, leading to infection when ingested.

Women who are currently living with pets, had lived with pets or had been involved with farming had a higher rate of T. gondii infection compared to those who had never had pets or involved in farming. This was like the findings in Ile Ife (Olusi et al., 2023), and Kano (Edward et al., 2023). This may be due to the presence of the oocyst in cat litter and in the soil. Lack of proper hand washing increased the chance of infection. This infection risk increases exponentially over time (Edward et al., 2023). T. gondii infection was also higher for people who ate meat from external vendors. This is in keeping with studies both within and outside Nigeria like Angola (Vueba et al., 2020). This is likely due to poor hygiene practices and short time spent during preparation of meat that does not allow for killing of the oocyst which could be latent in muscles and then re-activation in human occur following ingestion. 

Women who had previously received blood had a significant increase in the rate of infection. This was similar to the observation made in Gombe (Morris et al., 2021) where previous blood transfusion was associated with increased risk of infection. T. gondii is not routinely screened for during serological testing done before blood donation and so previously transfused blood may have led to an infection. 
All the neonates of infected mothers tested by analysis of umbilical cord blood tested negative to Toxoplasma gondii IgM analysis. There was no vertical transmission of Toxoplasma gondii from mother to child in this study. This finding was different from that of a cross-sectional study in Wuhu City, China of four hundred and seventy-five paturients, that revealed only three infected women and two babies with vertical transmission (Xi et al., 2019). Sample collection was by heel prick. Another study in Brazil assessed placental fragments using polymerase chain reaction and revealed a prevalence rate of 12.5% (Ludwig et al., 2022). There was a paucity of studies assessing vertical transmission of Toxoplasma gondii in Nigeria.
Despite high educational level of most of the participants, the knowledge of Toxoplasma gondii, its risk factors and transmission was very poor as only one participant had previously heard about it. This is similar to findings in Gombe where knowledge of toxoplasmosis was 1.1%. This poor knowledge may be due to little or no health education about T. gondii in this environment as well as absence of routine screening in pregnancy. 
5. CONCLUSION
Toxoplasma gondii infection is not regarded as important in our environment. There is however significant infection as 30.2% of the participant were seropositive. There was a high rate of infection with advancing age, low level of education, occupation, drinking of untreated water and previous history of blood transfusion.

The study also showed poor knowledge about Toxoplasmosis, its risk factors and prevention in a highly educated population who have access to health care services at a tertiary institution. A lot needs to be done to bridge the knowledge gap.
6. RECOMMENDATION
· Priority should be given to health education and awareness of Toxoplasma gondii infection in our environment even among health care workers. Content of health education should include risk factors and preventive measures. 
· Screening for T. gondii should be incorporated into the routine screening done for pregnant women during the antenatal period as some acute cases may be picked up and treated thereby preventing mother to child transmission of the infection. 
· Screening for T. gondii should also be incorporated as part of routine screening for blood donors and recipients in our environment as this will help to reduce transmission from use of infected blood. 
· A larger population-based study especially in the rural area needs to be done to ascertain the real prevalence among people with limited education and farmers. Sampling should be done in all trimesters to help detect acute cases and institute appropriate treatment.

7. LIMITATION
The study was done in the third trimester where the rate of vertical transmission is known to be highest and neonatal testing was also done to check for congenital disease. However, it could not determine whether any of the infection occurred during the first and second trimester of pregnancy. Testing for patients at first antenatal visit and follow up till delivery will help address this limitation.
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