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Abstract

Background Exposure to Toxoplasma gondii infection is prevalent in up to 90% of the world’s population.
Severe infections can be fatal and deforming in neonates. Cats serve as reservoirs for T. gondii
infections. Even though many Ghanaians have cats as pets in their homes only few studies have been
undertaken to assess the prevalence of the disease in Ghana. The objective of the study was to determine
the seroprevalence of T. gondii infection and its associated risk factors among pregnant women seeking
antenatal care at the Goaso Municipal Hospital, in Asunafo North District of the Ahafo Region and the St.
Michael’s Catholic Mission Hospital in the Bosomtwe District in the Ashanti Region of Ghana. Methods A
cross-sectional study involving 266 (146 from Asunafo North District and 120 from Bosomtwe District)
pregnant women who consented to participate in the study was undertaken. To gather information on
associated risk factors, structured questionnaire was administered to the participants. In addition, 3 mls
of venous blood was collected from each participant for anti-T. gondii IgG and anti-T. gondii IgM antibody
analyses using ELISA. Results A total of 64.3% (171/266) of the study participant were positive for anti-T.
gondii IgG and 26.3% (70/266) were positive for anti-T. gondii IgM antibodies. This signifies that 64.3% of
the study population have been exposed to the infection and 26.3% were actively infected. There were no
differences (P=0.383) between the overall T. gondii seroprevalences in the two Districts. There was a
significant difference between antibody concentration levels and age in the Bosomtwe District in Ashanti
Region. No association (OR<1) was found between the seroprevalences and the suspected risk factors
assessed in this study. Conclusion The study showed that the seroprevalence of T. gondii among
pregnant women visiting the two health facilities in the two Regions was higher compared to the
30%-65% reported as the global population infection status. This study provides baseline data for future
studies in the other Districts and Regions in the country to ascertain the overall seroprevalence in Ghana.

Background

Toxoplasma gondiiis a protozoan parasite that affects primarily members of the felid family but also
most genera of warm-blooded animals, including birds and humans. It causes the disease toxoplasmosis
[1-2]. Toxoplasma gondiiis an obligate intracellular coccidian parasite that typically requires alternation
of sexual and asexual reproductive stages in their life cycle [3—4]. Toxoplasmosis infection in its severest
form can be fatal in neonates and in the immunocompromised such as HIV patients and patients who
have undergone organ transplantation or immunosuppressive therapies [5].

The parasite exists in three main morphological forms; the first being the infective oocysts which release
sporozoites extracellularly, the second is the trophozoite stage which is responsible for intracellular
invasion and lastly the tissue cysts stage, which is either actively dividing (tachyzoites) or slowly dividing
(bradyzoites) [6—8]. T. gondiiinfections in humans occur through the ingestion of tissue cysts in poorly
cooked meat, transplancental (vertical) transmission from mother to foetus in-utero and rarely through
organ transplantation and blood transfusion from seropositive donors [9-10].
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About 20% to 90% of the world’s adult population in different regions are reported to have had contact
with the parasite [9], with about 15% of women of childbearing age being immune to toxoplasmosis [11].
Although pregnant women are not classified as being immunosuppressed, changes in theirimmune
system may illicit an increment in the state of their susceptibility to certain intracellular pathogenic
agents [12]. Women infected with T. gondiiinfection before being pregnant rarely transmit the infection to
their foetuses. Unfortunately, women infected with 7. gondii during pregnancy can transmit the infection
across the placenta to their foetuses. The undeveloped immune system of foetuses make them highly
vulnerable when their mothers become infected for the first time during pregnancy [13]. Research has
shown that the risk of congenital transmission with acute maternal infection in the first trimester is the
lowest (10—15%), with a maternal infection in the third trimester having the highest risk (68%) [14—15].
However, a first trimester acquisition of the disease is the most severe [16].

Infection acquired during the first trimester may lead to spontaneous abortion, still births, mental
retardation, hepatosplenomegaly, jaundice, chorioretinitis, hydrocephalus, convulsions, intracerebral
calcifications and other disseminated infections, while infection acquired later during pregnancy is
usually asymptomatic and sub-clinical in the neonate [12, 17-18]. Hydrocephalus is the least common
but most dramatic lesion of congenital toxoplasmosis. Ocular disease is the most common sequelae of
toxoplasmosis [19].

Studies on seroprevalence of toxoplasmosis in the middle belt of Ghana is scarce. Studies on the
infection have however been conducted in Southern part of the country [4, 20—21]. A seroprevalence of
76.0% of the anti-Toxoplasma antibodies was reported among pregnant women in Mamprobi Clinic in
Accra, Ghana. Other similar studies in the Greater Accra Region reported overall seroprevalences which
ranged from 29.7% to 92.5% [4, 20—21]. Since many households in the middle belt of Ghana own pets
which serve as reservoirs for T. gondii, there is the need to assess the prevalence in the middle belt.

This study therefore, sought to determine the seroprevalence of T. gondii infection and its associated risk
factors among pregnant women seeking antenatal care (ANC) at the Municipal Hospital Goaso, in the
Asunafo North District of the Ahafo Region and St. Michael’s Catholic Mission Hospital at Pramso in the
Bosomtwe District; Ashanti Region, Ghana.

Methods

Study area

The antenatal clinic at the Municipal Hospital, Goaso in the Asunafo North district of the Ahafo Region
and the St. Michael’s Catholic Mission Hospital at Pramso in the Bosomtwe District, Ashanti Region
Ghana were selected for the study due to their respective geographic locations and large population
numbers as well as being sub-district referral health centres’.
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Ethical Considerations

Ethical approval was obtained from the Committee on Human Research, Publications and Ethics
(CHRPE), of the School of Medicine and Dentistry of the Kwame Nkrumah University of Science and
Technology, Kumasi. Informed consent, either signed or thumbed, was obtained from every participant
before enrolling them in this study. Additional consent, either signed or thumbed, was obtained from
parents or guardians of participants who were below 18 years. Further permission was sought from the
appropriate hospital authorities and institutions.

Study design

About 3mls of venous blood was collected from each participating pregnant woman into a gel clot
activated tubes. One milliliter of serum was collected from the whole blood samples after centrifuging at
20009 for 10 minutes and preserved at —20°C for later serological analysis. The samples were analysed
quantitatively for the presence of anti-7. gondiilgG which depicts previous or past exposure to the
infection and anti-T. gondiilgM antibodies denoting current or present infection using a commercially
produced ELISA kit (RecombiLISA Toxo Test Kit (Fortress Diagnostics Limited, unit 2C Antrim Technology
Park, BT41 1QS, UK) in accordance with manufacturer’s instructions. Close-ended questionnaires were
administered by the interviewer to gather demographic information on the study participants as well as
their exposure to the various risk factors.

Recruitment of study participants

The recruitment involved 146 pregnant women aged between 16 to 40 years seeking antenatal care in the
Asunafo North District and 120 from the Bosomtwe District. The participating pregnant women had to
meet the exclusion and inclusion criteria by not being anaemic (Hb>8.0 g/dl), should be living in the
respective region and should have consented to be considered for the study.

Data analysis

Descriptive statistical analysis of the seroprevalence of the T. gondiiinfection and the associations
between the responses to relevant questions on exposure to the infection risk factors and infection status
were determined by the level of statistical significance at a confidence interval of 95% using SPSS
(Statistical Package for Social Scientists) version 24, Graph Pad Prism software and Microsoft Excel.
Demographic data were collated into a Microsoft excel sheet. Analysis of variance (ANOVA) was
performed using SPSS version 24 to test for differences between means. Two-tailed unpaired t-tests were
performed using the GraphPad Prism version 6.02. P-values less than 0.05 was considered significant.
Correlative associations between the various suspected risk factors assessed and seroprevalences were
also determined using the odds ratio statistical tool from the SPSS version 24.
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Results

There was even distribution of study participants in the various age groups in the two study districts
(Table 1). A mean age of 27.3 years was recorded for the participants from Asunafo North and 28.0 years
for the Bosomtwe District. Comparing the ages of participants in the two districts, there was no statistical
difference (P>0.05).The number of study participants increased with age until age 25 years after which
there was a gradual decrease up to 40years (Table 1).

The number of participants in the second trimester in Asunafo North District were more than the first and
the third trimester. However it was not statistically different from the number of participants in the second
trimester in Bosomtwe District (P = 0.066). None of the participants had ever been screened for T. gondii
infection in both Districts prior to the commencement of the study. (Table 1).

Table 1: Age and stage of pregnancy distribution of study participants in the two Districts

The study revealed that 64.3% (171/266) and 26.3% (70/266) of the study participants were seropositive
for IgG and IgM respectively. Also, 23.3% (34/146) of the participants in the Asunafo North District and
30% (36/120) of participants from Bosomtwe District were seropositive for anti-7. gondii IlgM where as
67.8% (99/146) and 60% (72/120) were seropositive for anti-7. gondiilgG in the two districts respectively.
Significant differences were recorded between the IgG and IgM seroprevalence in both Districts (P<0.001).

Most of the participants in the Asunafo North District had significantly been exposed previously to
toxoplasmosis as compared to those in the Bosomtwe District (P = 0.037). However, considering their
current infection status (IgM), there was no significant difference (P = 0.069). The total anti-7. gondii
antibody seroprevalence was 78.1% (114/146) and 75% (90/120) respectively in the Asunafo North and
Bosomtwe Districts and the difference was statistically not significant (P = 0.383).

There was an increase in the seropositivities of both IgM and IgG from age 16 years which peaked
around age 26—-30 years and declined from age 31 to 40 in both Districts. However, concerning the stage
of pregnancy, the total number of IgG and IgM seropositivity in the study participants increased from the
first trimester to the third trimester (Table 2).

Table 2: The seropositivities of anti-T. gondiilgG/IlgM among age groups and the stages of pregnancy in
the two Districts

Antibody concentration among participants in the
Bosomtwe district

The mean antibody levels increased up to age group 26—30 years, there was then a decrease up to age
range 36—40 years (Figure 1A). There was however no statistical difference (P>0.05) between the
concentration of antibodies and age of participants as well as the stage of pregnancy (Figure 1A and IB).
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Infection status and exposure to risk factors

All the study participants ate vegetables with many of them (97.7%) steaming and/cooking them before
ingestion. All of them ate khebabs although there were varying responses from the study participants
with regards to the types of meat used in the preparation of the khebabs. The results also showed that
more than half (53.4%) of the toxoplasmosis seropositive pregnant mothers (either IgG or IgM) said they
have been exposed to cats and its excreta. There was no significant difference between the seropositive
participants who had been exposed and those who had not been exposed to any of the assessed risk
factors (P>0.05). No correlation between risk factors and seroprevalence of infection (OR<1) was
observed (Table 3)

Table 3: Relationship between Toxoplasma gondiiinfection and associated risk factors

Discussion

Toxoplasmosis caused by an obligate intracellular protozoan parasite, Toxoplasma gondii, is a widely
distributed infection that affects humans, pets and livestock in both developing and developed countries
including Ghana [22]. However, in Ghana studies that have been conducted are mainly in the southern
part of the country. This has necessitated the current study in the middle belt of Ghana.

The seroprevalences of 78.1% and 75.0% recorded among the pregnant women from the Asunafo North
District in the Ahafo and the Bosomtwe District from the Ashanti Region respectively are high compared
to 30%—65% reported as the global population infection status by Ayeh-Kumi in 2010 [21]. However, it
was lower when compared to previously recorded seroprevalence of 92.5 % in the Greater Accra Region of
Ghana by Ayi et. al, in 2009 [18].

The transmission and the subsequent seropositivity to the parasite is reported to be relatively higherin
hot and humid areas such as Africa and as such prevalences are higher in some parts of the world as
compared to others [23-24]. This is because the longevity of the viability of the T. gondii oocysts are
enhanced in hot and humid conditions. In Brazil, approximately one in two people have the infection
(51%) and this shows a high seropositivity [23]. On the contrary, a moderately low prevalence of 18.9%
was recorded for Finland, 28% for Denmark and 39% for the United States where the temperature and
humidity is relatively low. It is therefore not surprising that Ghana, a tropical country with hot and humid
climatic conditions, has high seroprevalence as reported in this study for the two Districts and other
studies [5, 18, 21].

There was no association (P>0.05) between seroprevalence and the various risk factors as well as
demographic properties assessed in this study in both Districts. Thus, the study supported previous and
recent epidemiological studies which showed that cat ownership and other risk factors of the 7. gondii
infection were less predictive in determining the acquisition of theinfection [25]. It has been reported that
one does not necessarily have to come into contact with cat or its faeces to acquire the infection, but
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rather a higher risk for toxoplasmosisinfection is generally imposed on human communities with high
exposure to cats, its faeces and/or the extensive art of lambing since free oocysts will constantly be
circulating in the environment [26]. Nevertheless, the high seroprevalences reported in this study could be
due to other notable risk factors such as the carrying of oocysts from faecal matter to food by flies and
the drinking of contaminated water as observed in some outbreaks [27-29]. In an environment such as
where the studies were conducted, one does not have to own a cat to get the infection since cat faeces
are all over the environment.

Seropositivity and antibody concentration were found to increase with age until after 30 years where
there was a decline. This is because as one ages, he becomes increasingly exposed to the infection as
has also been reported in other studies, that the rate of the infection acquisition increased by 0.5% to
1.0% per year of age, with the total prevalent antibody level gradually increasing with age, reaching a
peak of 23.7% in the active life years [30-32].

Even though higher number of participants from Asunafo North District had previously been exposed
compared with Bosomtwe District, the number of ongoing infections were not different. Probably because
the two districts have the similar climatic conditions even though Ghana Statistical Service in their 2010
Population and Housing Census reported that the average humid and temperature conditions in Ahafo
Region is higher than that of the Ashanti Region [33].

The study also showed that there were significant differences (P<0.001) in the seropositivity of anti- T.
gondii lgGs relative to their respective anti-T. gondiilgMs in both Districts (Table 2). This showed that a
high proportion of these pregnant women (99/146 in Asunafo North, 72/120 in Bosomtwe) have had
previous or past exposures compared to those with recent exposures (34/146 in Asunafo North, 36/120
in Bosomtwe). The tendency of this past infection being in latency with persisting tissue cysts
(bradyzoites) especially those who were seropositive for both IgG and IgM poses a high risk to the
foetuses of these pregnant women since vertical transmission of the infection can occur if the mother
acquires an acute infection duringpregnancy. However, an acute infection may result from either a
primary (recent) infection or re-activation/re-occurrence oflatent (chronic) infection in any case of
immuno-suppression. Since latency can be established in the nerve ganglia of the brain, eye and the
striated muscles of the heart (tissue tropisms varies in persons) and resurface later when the immuno-
competent person becomes immuno-suppressed later in life, the development of the foetuses are then at
risk [5, 34-35].

From this study, all the IgG seropositive pregnant women could probably have their foetuses contract
congenital toxoplasmosis in case of parasitic re-activation from the nerve ganglia of the tropic tissue
where chronic stage Toxoplasma gondiitissue cysts (bradyzoites) will be released into the blood stream
and be transformed into tachyzoites, which is the acute stage 7. gondii tissue cysts to cause the
infection.

It has been reported in other studies that an acute maternal infection in the first trimester of the human

gestation period results in a foetal transmission rate of 10—15%, rising to about 68% in the third trimester
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of the gestation period [14-16, 36]. In this study, the total number of IgG and IgM seropositivity increased
from the first trimester to the third trimester (Table 2). Although, there was no statistical difference
(P>0.05) in the mean antibody concentration levels from trimesters one to three (Figure 1B), the babies
that would be born to the anti-7. gondii lgM seropositive pregnant women are at a greater risk of
contracting congenital toxoplasmosis, especially those in their first trimester. This is because the IgM
seropositive pregnant women would have carried the acute infection together with the foetus in the uterus
for at last 6 months before delivery and that prolongs the time span for probable foetal contraction of the
infection [7, 11]. What is not clear is whether this high seroprevalence observed would translate into
clinical manifestations or not in the new borne babies. There is therefore the need for a follow up study to
follow the babies to assess whether they will exhibit any clinical manifestation of the infection.

In 2008, Afonso et al.,, in their study that assessed the spatial distribution of soil contamination by T.
gondiiin relation to cat defaecation behaviour in urban areas reported that the extensive lambing and the
improper keeping of cats as pets without sand boxes continually contaminate the soil. It was also
established that the risk of infection was not related to the owning of a cat but rather being exposed to
the faeces of a cat with shed oocysts [37].

Contrary to Dubey’s (2004) and Afonso's (2008) studies [8, 37], all the risk factors analysed in this study
showed no correlation and significance (OR<1) with the T. gondiiinfection status of the participating
pregnant women. The difference between the T. gondii seropositive pregnant mothers who had been
exposed to the risk factors assessed and that of the mothers unexposed in this study was statistically not
significant (P>0.05).

This study supported previous and recent epidemiological studies which showed that cat ownership, a
high risk factor for T. gondiiinfection, was less predictive in the acquisition of the T. gondiiinfection [38].
Thus, it can be deduced that one may not necessarily have to come into contact with cat or its faeces to
be infected, rather a high risk for toxoplasmosis infection is imposed on human communities with high
exposure to cats and/or the extensive lambing since free oocysts will constantly be circulating in the
environment [26].

Meat and vegetable consumption as well as general eating habits have also been widely reported as risk
factors for T. gondiiinfection [2]. In Ghana and other countries, it has been reported that the infection is
found in most farm animals especially in pigs, sheep and goats and thus their ingestion could lead to the
infection [39-40]. However in this study, no relationship was found between meat and vegetable
consumption and T. gondiiinfection.

Conclusion

From the study, 78% and 75% of the participants from the Asunafo and the Bosomtwe District
respectively were seropositive for the anti-Toxoplasma gondii specific antibodies (IgG and IgM). There
was no association between seroprevalence and the various risk factors assessed in this study. This

Page 8/16



study provides baseline data for future studies in the other Districts and Regions in the country to
ascertain the overall seroprevalence in Ghana.

List Of Abbreviations

ANC: Antenatal care; HIV: Human immunodeficiency virus; ELISA: Enzyme linked immunosorbent assay;
T. gondii: Toxoplasma gondii;1gG: Immunoglobulin G; IgM: Immunoglobulin M; SPSS: Statistical Package
for Social Scientists; ANOVA; Analysis of variance.
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Tables

Table 1: Age and stage of pregnancy distribution of study participants in the two Districts

CHARACTERISTIC DISTRICTS P-VALUE
ASUNAFO BOSOMTWE
Age group (years) Frequency (%) Frequency (%)

16-20 25 (17.1) 24 (20.0) 0.414

21-25 55 (37.7) 42 (35.0) 0.446

26-30 28 (19.2) 30 (25.0) 0.112

31-35 21 (14.4) 18 (15.0) 0.865

36-40 17 (11.6) 6 (5.0) 0.073

Stage of pregnancy

First trimester 36 (24.7) 23 (19.17) 0.128
Second trimester 61 (41.8) 42 (35.0) 0.066
Third trimester 49 (33.6) 55 (45.83) 0.002

Table 2: The seropositivities of anti-7. gondii IgG/IgM among age groups and the stages of pregnancy in
the two Districts
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Charac- ANTIBODY SEROPOSITIVITY
teristic ASUNAFO NORTH BOSOMTWE | TOTAL
igG N IgMN Both IgG & IgGN IgMN Both igG | IgM
(%) (%) IgM N (%) (%) (%) IgG
& IgM N
%)
Age group
1620 10 2 3(15.8) 15 4 2011 | 30 | 11
(12.5)  (13.3) (148) (22.2)
2125 27 9 8 (42.1) 12 6 12 50 | 35
(33.8)  (60.0 (222) (333) (66.6)
26-30 23" 1(67) 1(5.3) 17 4 1(Ge) | 42 | 7
(28.7) (31.5) (222)
31-35 12 2 4(21.0) 6 37 20111) | 24 | 11
(15.0) (13.3) (11.1)  (16.7)
36-40 (8) 167) 3(158) |4@74) 1356 1(56) | 16 | 6
10.0
Total 80 15 19 (100) 54 18 18(100) | 171 | 70
(100)  (100) (100)  (100)
Stage of
Pregnancy
ST 4 22 5 5 (26.3) 11 4 201.1) | 40 | 16
M 07 (339) (204) (22.2)
ND 4 32 9 6 (31.6) 18 6 6(333)| 62 | 27
277Um 1 400)  (60.0) (33.3) (33.3)
RD s 26  1(67)  8(42.1) 25 8 10 69 | 27
UL O (46.3) (44.5)  (55.6)
Total 80 15 19 (100) 54 18~ 18(100) | 171 | 70
(100)  (100) (100)  (100)

Table 3: Relationship between Toxoplasma gondii infection and associated risk factors

Risk factor

Seropositivity

Exposed (%) Unexposed (%)

P-value 0dd ratio

Possession or exposure to cats 109 (53.4)

Exposure to cat faeces 109 (53.4)
Intake of vegetables 104 (51)
Intake of meat 98 (48)

Availability of sand box 112 (54.9)
The art of lambing 94 (46)

Handing of raw/uncooked meat 114 (55.9)

95 (46.6)
95 (46.6)
100 (49)
106 (52)
92 (45.1)
110 (54)
90 (44.1)

0.066
0.066
0.571
0.264
0.110
0.115
0.121

0.416
0.416
0.133
0.301
0.391
0.424
0.535
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Figures

Figure 1A.

1620 21-25 3-35
Age group of respnndents (years)

migGC migM  mBoth IgGligM

P
(R} [l

-
i

Antibody conc. levels (IU/mL)
=]
l'.'l‘1

FIRST TRIMESTER SECOND TRIMESTER THIRD TRIMESTER

A
=
—_—
=
..
a
=
o
u
c
o
o
==
o
o
L
=
c
<

Stage of pregnancy
migc migM ®mBoth IgG/igM

Figure 1

Page 15/16



Mean anti-T. gondii antibody levels among age groups (A) and the stage of pregnancy (B).

Page 16/16



