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Toxoplasma gondii (T. gondii) isone of the few known zoonotic parasites that have the
ability to induce miscarriage and congenital transmission. This study sought to
determine and update the prevalence of anti-toxoplasma IgM and IgG antibodies in
pregnant women and their associated risks at the University of Maiduguri Teaching
Hospital, Maiduguri, Nigeria. Blood samples from 360 pregnant women aged
19-42 years were analyzed for anti-toxoplasma IgM, 1gG antibodies and 1gG avidity
using Euroimmun® ELISA kits. Structured questionnaires were used to obtain
participants’ sociodemographic data. Out of the 360 pregnant women studied, 32 (8.9%)
and 144 (40.0%) were seropositive for T. gondii specific IgM and 1gG antibodies,
respectively. Of those with IgM seropositivity, 26 (7.2%) had primary infection (i.e.,
IgM+1gG-low 1gG avidity) while 6 (1.7%) had reactivated infection (IgG+IgM-+high
IgG avidity). The IgM seropositivity was statistically significant among women who
kept cat pets than those that don’t (75 vs. 25%, p = 0.025). The IgG seropositivity rate
was significantly higher among pregnant women from urban than those from rural
residential areas (48.4 vs. 19.2%, p = 0.001). Likewise employed women were
more likely to contract primary toxoplasmosis than the unemployed (82.2 vs. 31.6%,
p = 0.0025). Serological evidence of primary toxoplasmosis was significantly high
among pregnant women studied while a significant proportion of other women were at
risk of contracting primary toxoplasmosis. Screening for toxoplasmosisduring antenatal
care should be encouraged in order to detect infected women so that appropriateclinical
modalities can be ingtituted.
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INTRODUCTION

Toxoplasma gondii (T. gondii) isan obligate intracellular
coccidian parasite that has a complex life cycle alternating
between asexual reproductiontaking placein several tissuesof
vertebrates (intermediate hosts) and sexual reproductiontaking
place in epithelial linings of the digestive tract of cats
(definitive host) (Skariah et al., 2010). Cats become
contaminated when they ingest animal flesh or food encysted
with T. gondii and rarely by ingesting oocysts directly from
feces of other infected cats (Skariah et al., 2010).

Humans become infected either congenitally (mother-to-
fetus in-utero transmission), through food or water
contaminated with cat fecesor by eating under-cooked meat of
infected animals (Skariah et al., 2010). In fact, toxoplasmosis
was once a leading infectious cause of food-borne death after
salmonellosis and listeriosis in the USA (Jones et al., 2001).
Rarely can it be transmitted through organ transplantation
and transfusion of infected blood (Skariah et al., 2010;
Joneset al., 2001). Infected cats are usually asymptomatic and
begin to shed unsporulated oocysts which are noninfectious
(up to 10°day) in their feces 7-14 days after exposure
(Dubey et al., 2009). Most cats shed oocystsonly onceintheir
lifetime (Cook et al., 2000). Within daysto weeks, the oocytes
sporulateand becomeinfectious. Oocystssurvivebestinwarm
and humid conditions and thus can remain infectiousfor many
months (Dubey and Jones, 2008). Oocysts also withstand
exposureto freezing for up to 18 months, especialy if they are
covered and out of direct sunlight as such they can be
transmitted on fomites (Dubey and Jones, 2008).

After ingestion by susceptiblehuman host, oocystsrelease
sporozoites, which changeinto tachyzoites. Thesetachyzoites
are present during acute infection and are capable of invading
cells and replicate (Dubey and Jones, 2008). They are
disseminated widely and circulate from 3-10 days in
immunocompetent hosts before changing into bradyzoitesand
forming cystsin tissues (Dubey and Jones, 2008). These cysts
remain present during latent infection. Once infected, humans
are believed to remain infected for life. Unless immuno
suppression occurs and the organi sm reactivates, human hosts
usually remain asymptomatic (Dubey and Jones, 2008).

Infections due to T. gondii are considered a worldwide
zoonosis of great public health importance. Epidemiological
studies suggest that prevalence of T. gondii infection in
pregnant women varies greatly among different countries; in
Europe it varies from 9-63% (Masini et al., 2008). In Korea,
the seroprevalence of toxoplasmosis was reported as low as
3.7% (Han et al., 2008) while the prevalence is as high as
41.6-66.9% in other Asian countries such as Indiaand Jordan
(Borkakoty et al., 2007). Seroprevalence varies considerably
with high seroprevalence (over 50%) occurring in countries
where raw meat is commonly eaten and in tropical regions of
Latin America or Sub-Saharan Africa where cats are
numerous and the climate is favourable for oocysts survival
(Borkakoty et al., 2007).
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In pregnancy, themost common mechani smsof acquiring
infection are through consuming raw or very undercooked
mesats or contaminated water, or exposure to soil (farming or
gardening without gloves) or cat feces (Elmore et al., 2010).
It has been shown that over 90% of women who contract
T. gondii infection remain asymptomatic and spontaneously
recover (Kravetz and Federman, 2005), only a small
proportion will develop clinical signs of the disease
(Di Carlo et al., 2008). The clinical presentation in pregnant
women is not more severe than in non-pregnant women and
most often occursasaninfluenza-likeillness(low-gradefever,
malai se, cervical lymphadenopathy) with anincubation period
of 5-18 days following exposure (Paquet et al., 2013).

Toxoplasma gondii infection can be detected by the help
of serological testing, amniocentesis or by the presence of
abnormal ultrasound findings. Serologic testing is often the
first stepin diagnosisthrough the use anti-toxoplasma specific
1gG and |gM antibodies. However, there exist somediagnostic
challenge associated with differentiating between a primary
and achronicinfection; and resultsof 1gG and IgM testing can
often bedifficult tointerpret. For thisreason, it isimportant to
consult an expert clinical parasitologist when confirming
diagnosis (Paguet et al., 2013).

Serodiagnosis of toxoplasmosis is usually achieved by
detecting 1gG and IgM against T. gondii. In addition, 1gG
avidity testisan important additional test routinely performed
in most developed societies. Low 1gG avidity suggest acute
infection while high 1gG avidity confirms chronic or
reactivated infection (Liesenfeld et al., 1997). The presence of
IgM antibodiesa one cannot be considered reliablefor making
a diagnosis of acute toxoplasmosis infection. The IgM
antibody titres rise from 5 days to weeks following acute
infection, reaching a maximum after 1-2 months and decline
more rapidly than 1gG (Liesenfeld et al., 1997). Although,
IgM antibodies can decrease to low or undetectable levels, in
many cases they may persist for years following the acute
infection. The 1gG antibodies appear later than IgM and
are usualy detectable within 1-2 weeks after the infection,
with the peak reached within 12 weeks to 6 months after
acute infection. They will be detectable for years after
acquired infection and are usualy present throughout life
(Liesenfeld et al., 1997).

Knowing when infection occurred during pregnancy is
important in evaluating the risk of congenital transmission,
initiating antibiotic therapy and ensuring appropriate prenatal
counseling. The 1gG avidity test has been prescribed for such
utility. The IgG avidity measures the strength of 1gG binding
to the organism. Avidity, in most cases but not al, shiftsfrom
low to high after about 5 months. If the avidity is high, this
suggests infection occurred at least 5 months before testing
(Montoya, 2002). Transmission to fetusoccurs predominantly
in women who acquire primary infection during pregnancy.

In view of these, this study sought to determine and
update the prevalence of anti-toxoplasma IgM and IgG
antibodies of pregnant women and their associated risks
at University of Maiduguri Teaching Hospital, Maiduguri,
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Nigeria with the hope to detect acutely infected women and
those at risk for congenital transmission so that appropriate
clinical intervention can be instituted.

MATERIALSAND METHODS

Study area: This cross-sectional study was carried out in the
University of Maiduguri Teaching Hospital, Maiduguri, Borno
state, Nigeria. The study wasapproved by the Ethical Research
Committee, University of Maiduguri Teaching Hospital,
Nigeria. Maiduguri, the capital city of Borno state, Nigeria,
located in northeastern Nigeria shares borders with
neighboring countries, such as Niger Republic, Chad and
Cameroon. Within Nigeria, Maiduguri shares borders with
other states, such as Adamawa, Yobe and Gombe and has
Sahel savannah vegetation. The annual averagetemperature of
Maiduguri ranges from 19.1-34.7°C and average annua
precipitation is 562 mm. In Nigeria, there has been no
consensusof opinion regarding conducting T. gondii screening
or other “TORCH” panel tests for pregnant women during
their antenatal visits.

Sample size calculation: The sample size was determined
from using the prevalence rate of the study conducted by
Degji-Agboola et al. (2011) in Nigeria with overal
seroprevalence of 40.2%, therefore, the minimum sample size
at 95% confidence level was 379. However, only 360 women
voluntarily consented to participate in the study.

Participants and settings: This study was conducted on
360 blood samples of pregnant women attending antenatal
clinics of the UM TH who consented to participatein the study
and excluded those who declined to participate in the study
or refused to consent. The Median age of the women was
30 years with range of 18-40 years.

Datacollection: Structured Questionnaireinterview was used
to collect demographic data, such as age, place of residence,
gestational age, educational status, occupation, marital status,
whether they keep cat pets or not.

Samplecollection and preparation: Sampleswere collected
between January and April, 2014. Five milliliter of blood was
collected aseptically into plain vacutainer tubes. The tubes
were then appropriately labelled with patients |aboratory
number. Sera from these blood samples were separated by
allowing the blood to clot at room temperature and centrifuged
at 3000 rpm for 10 min. The sera were then separated using
clean Pasteur pipettes, transferred into serum containers
and stored at -20°C for 10 days. After sample collection, the
360 sera were transported to University of Abuja Teaching
Hospital, Gwagwal ada, Abuja (about 850 kmfromMaiduguri)
in cold chain. Upon arrival they wereimmediately (<24 h) set
for laboratory analysis.
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Laboratory analysis. Serum samples were analyzed by
enzyme-linked immunosorbent assay (ELISA) using
anti-toxoplasmalgM, 1gG and 1gG avidity kits (Euroimmun®,
L eubeck, Germany) with product numbers; EI2410-9601G, El
2410-9601M and El 2410-9601-1G, respectively.

Analytical procedur e: All samplesand reagentswerebrought
to room temperature. The test was performed according to
manufacturer’s instructions. The Optical Density (OD) was
read using a BioRad® ELISA microplate reader at 450 nm
wavelength.

Ethical clearance and informed consent: This study was
conducted in accordance with the Declaration of Helsinki and
the protocol was approved by the human research ethical
committees of University of Maiduguri Teaching Hospital,
Maiduguri, Borno state, Nigeria. All the subjects gave their
writteninformed consent for inclusion beforethey participated
inthe study. All datawere analyzed anonymously throughout
the study.

Statistical analysis: Thedataobtained from the questionnaire
and the results of the laboratory analysis were entered into
Microsoft excel and analyzed using SPSS (statistical package
for social sciences Version 20, Californialnc., USA). Results
obtained werereduced to percentages. The Pearson Chi square
at 95% confidenceinterval and 0.05 level of significance was
used to determinetherel ati onshi ps between sociodemographic
and antibodies prevalence.

RESULTS

Table 1 shows findings of the serological test conducted
on subjects. For purpose of diagnostic convenience, it was
classified into 4 humoral immuneresponses. Thefirst category
were those immuned against T. gondii infection [1gG (+) and
IgM (-)], thiscomprised of 144 (40.0%) women. In the second
category, 6 (1.7%) women had reactivated or chronic T. gondii
infection [IgG (+) IgM (+) and high IgG acidity indiceg]. In
the third category, 26 (7.2%) pregnant woman had primary
T. gondii infection [IgG (-) IgM (+) and low IgG avidiy
indices]. However, 190 (52.7%) of the remaining women
were susceptible to T. gondii infection [IgG (-) IgM (-)].

Table1l: Summary of anti-toxoplasma specific IgM and 1gG antibodies
distribution among pregnant women studied

Tested
Antibodies No. % Inference
19G (+) IgM (-) 144 40.0  Previous exposure
1gG (+) IgM (+) and high 6 1.7  Reactivated or chronic infection
19G avidity indices
19G () IgM (+) and low 26 7.2  Primary infection
19G avidity indices
19G (-) IgM (-) 190 52.7  Susceptible
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Table 2: Age distribution of anti-toxoplasma lgG and IgM among pregnant women

Subjects tests 1gG seropositivity 1gG seronegativity IgM seropositivity
Age (years) No. % No. % No. % No %
<20 60 16.7 46 76.7 14 233 2 0.6
21-25 104 28.9 56 53.8 48 46.1 19 53
26-30 92 25.6 32 348 60 65.2 7 1.9
>31 104 28.9 10 9.6 94 90.4 4 12
Total 360 100.0 144 40.0 216 60.0 32 8.9
Table 3: Anti-toxoplasma lgG and IgM seropositivity across education level of pregnant women
Subjects tests 19G seropositivity 1gG seronegativity IgM seropositivity
Education level No. % No. % No. % No. %
None 10 49 18 100.0 0 0.0 1 03
Primary 82 26.4 10 12.2 72 87.8 16 44
Secondary 160 439 40 25.0 120 75.0 10 238
Tertiary 100 24.7 76 76.0 24 24.0 5 14
Total 360 100.0 144 40.0 216 60.0 32 8.9

Table 4: Distribution of anti-toxoplasma |gG and IgM seropositivity with places of residence of pregnant women

Subjects tests 1gG seropositivity 1gG seronegativity IgM seropositivity
Placeof = s e e e
residence No. % No. % No. % No. %
Urban 256 53.8 124 484 132 515 20 5.6
Rural 104 46.2 20 19.2 84 80.8 12 33
Total 360 100.0 144 40.0 216 60.0 32 8.9
Table5: Distribution of anti-toxoplasma IgG positivity with occupation of From Table 4, anti-toxoplasma IgG and IgM

pregnant women __ _ seropositivity among pregnant women who reside in urban
Subjectstests  19G seropositivity  19G seronegalivity o 0n 194 (48 49%) and 20 (5.6%) were significantly higher
Occupation  No. % No. % No. % than thosewho residein rural areas, 20 (19.2%) and 12 (3.3%)
Unemployed 158 439 108 68.4 50 316 respectively (p = 0.001 and 0.025).
Employed 202 561 36 178 166 82.2 From Table5, pregnant women who were employed were
Total 360 1000 144 400 216 60.0

Staging of these immunological responses was made possible
by virtue of 1gG avidity testing conducted on preghant women
with IgM seropositivity.

From Table 2, age group 21-25 had the highest IgG
and IgM seropositive subjects, 56 (53.8%) and 19 (5.3%)
respectively while 1gG and IgM seropositivity was least
among pregnant women greater than 31 years and those
<20 years which are 10 (9.6%) and 2 (0.6%), respectively.
Therewasno significant rel ationship between agedistributions
of anti-toxoplasma 1gG and IgM seropositivity among
pregnant women (p-value>0.05).

From Table 3, pregnant women with tertiary education
had themost toxoplasmal gG seropositivity, 76 (76.0%), while
only 10 (12.2%) of those with primary education was
seropositive. However, pregnant women with primary
education had the most toxoplasma IgM seropositivity, 16
(4.4%) whileonly 1 (0.3%) of those with no formal education
was IgM seropositive. There was no significant relationship
between education level and distributions of anti-toxoplasma
IgG and IgM seronegativity among the pregnant women
(p-value = 0.999 and 0.250, respectively).
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significantly 1gG seronegative (susceptible) and at higher risk
of contracting primary T. gondii infections (82.2% versus
31.6%, p = 0.001).

From Fig. 1, pregnant women at first trimester had the
highest anti-toxoplasma IgM seropositivity and least 1gG
seropositivity, 20 (62.5%) and 18 (12.5%) respectively while
those at third trimester had the least IgM seropositivity and
highest 1gG seropositivity 4 (12.5%) and 90 (63.9%),
respectively. There was no significant relationship
between anti-toxoplasma antibodies and gestational age
(p-value = 0.065).

From Fig. 2, pregnant women with domesticated cat pets
exhibited significantly higher anti-toxoplasma IgM and 1gG
antibodies than those without cat pets, [24 (75%), 8 (25%)]
versus [112 (77.8%), 32 (22.2%)], respectively.

DISCUSSION

Tothebest of our knowledge, thisisthe most recent study
from Nigeriato explore the prevalence of T. gondii antibodies
among one of the most largely studied category of subjecti.e.
pregnant women. The last published study was that of
Deji-Agboolaet al. (2011).
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Inthisstudy, wereported an overall 48.9% seroprevalence
of T. gondii infectionin pregnant women fromthenortheastern
city of Nigeria. Out of the 360 subjects, 6.7% had Primary
infection of T. gondii acquired during pregnancy. This could
be passed to their fetusand might lead to serious consequences
such as miscarriage, neurological and visual disorders
(Tenter et al., 2000). Thisseroprevalenceisin agreement with
aprevious study by Singh and Pandit (2004), who reported a
total seroprevalence of 48.3% in India. Our finding is
relatively higher than previous Nigerian studies in Lagos
and Zaria who recorded 40.4 and 29.9%, respectively
(Ishaku et al., 2009; Deji-Agboola et al., 2011) and other
European studies with seroprevalence of 10% reported in
the United Kingdom (Nash et al., 2005) and Norway
(Jenum et al., 1998). Conversely, higher seroprevalence of
63.5% was reported in Colombia (Castro et al., 2009) and
77.5% in Brazil (Porto et al., 2008). Higher prevalence rates
were also reported in some neighboring African countries of
Sudan (Elnahaset al., 2003) and Morocco (El Mansouri et al.,
2007). The difference in prevalence rate between different
countries can be explained by variation of geographical and
climatic conditions between different areas where higher
seroprevalence is associated with hotter and wetter areas,
which are conditions favourable for sporulation of oocysts
compared to less humid areas (Nijem and Al Amleh, 2009;
Kistiah et al., 2011).
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The high prevalence of T. gondii antibodiesin Maiduguri
town whose predominant residents Muslims are expected with
the presence of relatively high population of cats in several
households. This may be because Muslims find pleasure
keeping cat petsin their homes. Our study showed significant
relationship between T. gondii antibodies and presence of
domestic cats, which is in consonance with studies from
Taiwan (Lin et al., 2008), Ethiopia (Zemene et al., 2012) and
France (Baril et al., 1999). They reported significant
relationship between contacts with domesticated cats and
prevalence of T. gondii. However, other studies showed no
significant relationship (Pal etal., 2011; Mwambeet al., 2013;
Ishaku et al., 2009).

The highest prevalence of T. gondii IgM and 1gG
antibodies was observed among women within the age group
21-25 years with 46 (76.7%) and 19 (5.3%), respectively,
while 1gG seronegativity was higher in older subjects (those
>30years). However, therewasno significant differenceinthe
seroprevalence of T. gondii infection observed between
different age groups. This is in line with the data obtained
from a study in Saudi Arabia (Al-Qurashi et al., 2001). This
may be an indicator of high susceptibility of primary T. gondii
infection among older subjectsthan younger individuals. This
paradoxically shows that seroprevalence of 1gG antibodies
declined with age. Thefewer 1gG seropositivity observed from
older subjects may be as a result of waned-off 1gG subclass
over several years of previous exposure (Casadevall, 2004).

Thefact that all the unemployed womenin our study were
housewives might increase the IgG seroprevalence of
toxoplasmosis since they are usually in direct contact with
vegetables during food preparation. These vegetables are
usually cultivated in gardens where cats and other infected
animals' feces are often used as manure. Toxoplasma gondii
cystsin food stuffs are not easily destroyed by washing. They
become source of infection when these vegetables are
consumed without appropriate washing. More so, they interact
more with the pets, clean the house (including the feces of
the pets) as they primarily are engaged in house chores. In
theory, the unemployed are presumably immune against
toxoplasmosisthan theemployed who exhibit relatively higher
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1gG seronegativity, thus placing them to higher susceptibility
to primary infection. However, in the absence of poor hand
hygiene, these vegetabl es could beamain routefor reinfection
with different strainsof T. gondii (Dabritz and Conrad, 2009).

This study showed a highly significant relationship
between seroprevalence in pregnant women from urban
compared to those at rural residential areas. Thiscan bedueto
high income of urban settlers and their different eating habits
especially consuming ready-made chickens and junky food
prepared from restaurants with poor hygienic conditions,
which may have been the maor source for T. gondii
transmission (Srokaet al ., 2010). The absence of asignificant
relationship between the preval ence of antibodiesto T. gondii
among pregnant women in Maiduguri based on their level of
education does not rule out that this factor has no effect on the
transmission of T. gondii infection.

The use of 1gG avidity testing was of great diagnostic
importancein differentiating the period of infection whether it
was more than 5 months or less. In patients where IgM test
were not discriminatory, this is useful in order to classify
primary toxoplasmosis and assess risk of congenital
transmission. The high 1gG avidity results could help in
calculating the timing of theinfection whether it was predated
to conception or postdated if the patient can undergo this test
within 5 months of gestational, although there is paucity of
data with regards to the use avidity testing on IgM positive
samplesin laboratories of devel oping nationsto rule out acute
infection. Our study wasfirst of itskind from Nigeriato show
that low 1gG avidity is obtainablein IgM positive women.

Previous data showed that risk of congenital transmission
increaseswith gestational age, with the highest rates (60-81%)
in the third trimester compared with 6% in the first trimester
(Foulon et al., 1999; Dunn et al., 1999). On the other hand,
disease severity, decreases with gestational age, with first
trimester infection resulting in miscarriage (Chen et al., 2005).
From our study, pregnant women at first trimester had the
highest anti-toxoplasma IgM seronegativity and least 1gG
seropositivity, 20 (5.6%) and 18 (5.0%), while those at third
trimester had the least IgM seropositivity and highest 1gG
seropositivity 4 (1.1%) and 90 (25%), respectively. However,
there was no significant difference between anti-toxoplasma
antibodies and gestational age. This finding isin line with a
previous study by Aqeely et al. (2014).

It is worthy to note that the overall risk of congenital
infection from primary toxoplasmosis during pregnancy
has been shown to range from 20-50% in the absence
of appropriate treatment (McLeod et al., 2009).
Toxoplasma gondii infected neonates have been shown to be
at substantial risk of developing long-term sequelae when no
treatment is given to them (Brown et al., 2009).

The results of this study showed a significantly high
seroprevalence. This justifies the need to include laboratory
testingfor T. gondii infection during antenatal investigations
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and to educate women about risk factorsthat could predispose
them to contracting the parasite in order to prevent maternal
and subsequent congenital infections. Considering the
evidence of information from our study, we strongly
recommend that healthcarefacilities should follow-up women
with IgM seropositive results, appropriately treat them and
monitor their immune responses over time, more so, the
neonates should be thoroughly examined after delivery in
order to detect any sequel ae maternal toxoplasmosisthat might
have been provoked in-utero.
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