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Abstract.

Toxoplasma gondii is an important parasite in pregnant women. This case-controlled study assessed the

seroprevalence of toxoplasmosis in 640 pregnant women in southern Thailand and identified their associated risk
factors. The overall seroprevalence of toxoplasmosis was 181 (28.3%). Of this, 138 (21.6%) were positive for only anti-
Toxoplasma immunoglobulin G (IgG) antibody, 43 (6.7%) were positive for both IgG and IgM antibodies, and none
were positive for IgM antibody. Multivariate analysis revealed that increasing age (adjusted odds ratio [OR] = 1.64,95%
confidence interval [CI] = 1.01-2.67), living outside Songkhla province (adjusted OR = 1.56,95% CI = 1.08-2.24), parity
(adjusted OR = 1.65,95% CI = 1.01-2.68), contact with cats (adjusted OR = 1.70, 95% CI = 1.20-2.43), and drinking of
unclean water (adjusted OR = 1.70, 95% CI = 1.08-2.68) were factors associated with Toxoplasma seroprevalence. On
the basis of the results obtained, a health surveillance program should be initiated as a primary preventive measure for
congenital toxoplasmosis and focus on educating women of the child-bearing age group to avoid contact with cats and to

strictly practice personal hygiene.

INTRODUCTION

Toxoplasma gondii, an obligate intracellular protozoan par-
asite, is an important public health concern because it causes
congenital toxoplasmosis, which is acquired by a fetus from its
infected pregnant mother. This congenital infection can lead
to severe illnesses in the fetus and newborn infant, includ-
ing brain and eye dysfunctions, or even a fatal condition.! In
the United States, among the ~4.2 million live births per year,
congenital toxoplasmosis occurs in ~500 to 5,000 newborns.?
In Europe, the prevalence of congenital toxoplasmosis was
2.1/10,000 live-births.? In South America, the estimated annual
incidence of congenital toxoplasmosis varied from 9.5 to
10.6/1,000 live-births.* In Thailand, antibodies to 7. gondii var-
ied from 2.3% to 29.6% among pregnant women and 7.18%
to 13.14% in newborns.>® The risk of a congenital Toxoplasma
infection in infants is directly related to their seropositive
mothers.” Toxoplasmosis is not only an increasingly impor-
tant problem, but it also can lead to a significant social and
economic burden. There has been little data available on Thai
pregnant women in recent years and none has been reported
from southern Thailand. Therefore, it is relevant to conduct an
epidemiological study of this parasitic infection in our local
community. This study was aimed to determine the seropreva-
lence of toxoplasmosis in pregnant women and to evaluate the
association between risk factors and disease transmission.

MATERIALS AND METHODS

Study site and population. A prospective case control
study was carried out at the antenatal clinic (ANC) at
Songklanagarind Hospital, Hat Yai, Songkhla province,
Thailand from October 2009 to June 2010. This hospital, with
its capacity of 850 in-patient beds, is located in the south of
Thailand and was built to facilitate the teaching, research,
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and training for medical personnel in various disciplines,
and for the provision of healthcare to the general public,
particularly among Southern Thais. The study included 640
eligible pregnant women who gave informed consent before
this study. The inclusion criteria for the study subjects were
1) pregnant women with a gestational age ranging from 5 to 38
weeks who gave informed consent to participate in the study;
2) for women > 14 years of age, a random selection method
was used to identify eligible pregnant women attending the
antenatal care for the first time that were planning to have a
routine blood test during the specified study period, and data
were obtained using a standardized structured questionnaire;
and 3) pregnant women with or without anti-human immuno-
deficiency virus (HIV) antibody status, indicated by the
enzyme-linked immunosorbent assay (ELISA) technique.
The questionnaire was designed to detect socio-demographic
and biologically plausible risk factors associated with toxoplas-
mosis, and clinical history and presenting signs and symptoms
relating to toxoplasmosis (if any). An operational defini-
tion was used for the risk factors. A history of antibiotic use
was defined as a person who had received antibiotic(s)
related to anti-Toxoplasma therapy including co-trimoxazole,
pyrimethamine, clindamycin, spiramycin, tetracyclines, mac-
rolides, sulphonamides, antifolates, or trioxanes groups for
treating an illness. Contact with cats was defined as a person
who is the owner of at least one cat or has had close contact
with cats by straying, playing, feeding, and sleeping in the house.
Consumption of uncooked meat or raw meat was defined as a
person who has a habit of eating uncooked meat, e.g., sausage,
sashimi (a traditional Japanese dish consisting of very thin
bite-size slices of fresh raw fish), satay (a Southeast Asian cui-
sine of grilled marinated meat, poultry, or seafood), barbe-
cue, or any kinds of meats where the method of preparation
could not be guaranteed for the absence of T. gondii. Blood
transfusion was defined as a person who has received blood
or blood products from her donors. Sources of drinking water
were defined as a “clean source” if the person who consumes
water as mineral, boiled, or filtered types, whereas an “unclean
source” included water from a pipe, tap, or rain. Drinking milk
was defined as a person who drinks either pasteurized/boiled
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milk or fresh milk directly from the cattle. Contact with soil
was defined as a person who has a direct exposure to soil while
gardening or any kind of outdoor activities. And, contact with
other animals was defined as a person who has kept a dog or
other warm-blooded animal as their pet, which could serve
as an intermediate host for toxoplasmosis. An affected preg-
nant woman with a history of these risk assessments, at least a
3-month period before the study period, was recorded in this
questionnaire.

Ethical consideration. This study was approved before its
commencement by the ethical committee of the Faculty of
Medicine, Prince of Songkla University, Thailand.

Serum samples. Approximately 5 mL of venous blood
samples were drawn from pregnant women who gave their
consent to participate in this study. Their blood samples were
kept in an ice box until being transferred to the Department
of Microbiology, Faculty of Science for centrifuging at 4,000
RPM (rounds/minute) and subsequently their sera were kept
at —20°C until further use.

Detection of IgG and IgM antibodies to Toxoplasma gondii.
Toxoplasmosis was screened by using a standard ELISA
commercial kit (IgG-Trinity Biotech and IgM-Trinity Biotech,
New York) in accordance with the manufacturer’s instructions
and performed at the Department of Microbiology, Faculty
of Science, Prince of Songkla University, Hat Yai, Songkhla,
Thailand. A result of > 1.10 ISR (immune status ratio) of anti-
Toxoplasma 1gG antibody was regarded as positive, and an
indication of a latent or pre-existing Toxoplasma infection.
A result > 1.10 ISR of anti-Toxoplasma IgM antibody was
regarded as positive, and indicated a recently acquired 7oxo-
plasma infection. A positive sample for the anti-Toxoplasma
IgG antibody was also tested for its avidity using a standard
ELISA commercial kit (IgG-NovaLisa and IgM- NovaLisa,
Dietzenbach, Germany); high avidity (> 40%) indicated a past
infection (of at least 4-5 months) and a low avidity (< 40%)
indicated a recently acquired infection (within 4-5 months).

Statistical analysis. Data obtained from both the ques-
tionnaire and laboratory tests were entered, edited, and ana-
lyzed using the statistical software SPSS version 10.0 (SPSS,
Inc., Chicago, IL). The data with quantitative variables were
expressed as the mean (+SD) and range, whereas qualitative
variables were estimated and presented as frequencies and
percentages. Univariate analyses and the y* test were used to
investigate the association between Toxoplasma seropositivity
as a dependent variable and possible demographic and risk
factors as independent variables; P < 0.05 was regarded as
being statistically significant. However, to retain all possible
significant association, variables that showed an association
with P < 0.20 were used to apply to a multivariate logistic
regression model (stepwise forward). Each dependent factor
was modeled as dichotomous variables.

RESULTS

During this study period, a total of 640 pregnant women
were recruited. The age range was 15-45 with a mean of 28.6
+ 6.0 years. The main age group was between 26 and 35 years
(346, 54.1%). The majority of these pregnant women had
completed a tertiary level of education (376, 58.8%), labor-
ers (260, 40.6%), those who stayed in Songkhla province (406,
63.4%), and those with no previous history of antibiotic use
(618,96.6%). A large number of pregnant women were in the

first trimester of pregnancy (407, 63.6%), had < 1 child (551,
86.1%), and had no history of abortion (493, 77%), as shown
in Table 1. In addition, nonspecific clinical features such as
fever (29), myalgia (80), joint pain (23), generalized weakness
(102), blurred vision (30), headache (131), and rash (28) had
been presented in pregnant women and particularly during
their first trimester of pregnancies (data not shown).

The overall seroprevalence of toxoplasmosis was 181
(28.3%; 95% confidence interval [CI] = 24.9-31.8) in our
pregnant women. Of these pregnant women, 138 (21.6%;95%
CI = 18.5-24.9) were positive for only anti-Toxoplasma 1gG
antibody and 43 (6.7%; 95% CI = 4.9-9.02) were positive for
both anti-Toxoplasma IgG and IgM antibodies. All pregnant
women with the seropattern of both antibodies were subse-
quently tested for IgG avidity and their results showed a high
avidity, indicating a past infection with 7. gondii. For another
39 (6.1%) pregnant women, who were positive for only IgM
antibody, we repeated the test with their second samples
4 weeks apart, except for one pregnant woman who deliv-
ered before the second scheduled test, and the other one who
was denied for this reason; however, there was no serocon-
version found in these suspected mothers. In addition, we also

TABLE 1

Univariate analysis for plausible demographic and obstetric profiles
associated with Toxoplasma seropositive* pregnant women

No. of pregnant women

Total (n, %) Toxoplasma seropositivity (n, %)
N =640 N =181

Variable P value
Age
Range 15-45 (years)
Mean 28.6 (+6.01) years
Age group 0.089
15-25 203 (31.7) 49 (24.1)
26-35 346 (54.1) 99 (28.6)
36-45 91 (14.2) 33 (36.3)
Education 0.621
Primary 67 (10.5) 21 (31.3)
Secondary 197 (30.8) 59 (29.9)
Tertiary 376 (58.8) 101 (26.9)
Occupation 0.627
Laborer 260 (40.6) 72 (27.7)
Non-laborer 230 (35.9) 62 (27)
Otherf 150 (23.4) 47 (31.3)
Address 0.031
Songkhla province 406 (63.4) 103 (25.4)
Living outside 234 (36.6) 78 (33.3)
Songkhla province
Past history of 0.821
antibiotic use
No drug use 618 (96.6) 175 (28.3)
Drug related to ATT# 21 (3.3) 6 (28.6)
Drug unrelated to 1(0.2) -
ATT
Trimester of pregnancy 0.801
First 407 (63.6) 112 (27.5)
Second 172 (26.9) 52(30.2)
Third 61 (9.5) 17 (27.9)
Parity (no. of children) 0.013
<1 551 (86.1) 146 (26.5)
>2 89 (13.9) 35(39.3)
Abortion 0.952
No 493 (77.0) 138 (28)
Yes with unknown 59 (9.2) 17 (28.8)
cause
Yes but unrelated 88 (13.8) 26 (29.6)

to toxoplasmosis

*Qverall seroprevalence of anti-Toxoplasma antibodies in the study subjects.
1 Other includes retiree, unemployed, housewife, and students.
$ATT = anti-Toxoplasma therapy.
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performed detailed ultrasonography in all cases to identify
any congenital anomalies related to Toxoplasma infection,
i.e., intracranial calcification, periventricular calcification, and
ventriculomegaly. The ultrasonography revealed that all of the
fetuses appeared normal, and we found no congenital abnor-
malities at birth. It is noted that none of these seropositive
pregnant mothers was coinfected with HIV during the time
of this study.

In addition, we further tested for both anti-Toxoplasma 1gG
and IgM antibodies in all 80 newborns after their deliveries.
Twenty-six newborns had only Toxoplasma 1gG seropositivity
and none was found to have anti-7Toxoplasma 1gM antibody
(data are not shown).

Tables 1 and 2 show the seroprevalence of toxoplasmosis in
pregnant women by their demographic and obstetric profiles
and plausible risk factors. By univariate analysis, this study
identified that the present address, parity, contact with cats,
and sources of drinking water were statistically significant fac-
tors associated with seropositive pregnant women (P < 0.05).
After the multivariate logistic regression analysis was applied,
it was noted that the age group of > 36 years, pregnant women
who stayed outside Songkhla province, had contact with cats,
and drank unclean water were identified as significant risk fac-
tors for infection with 7. gondii (Table 3).

Figure 1 shows the epidemiological surveillance data of
toxoplasmosis reported in pregnant women from the central
(Bangkok), northern (Chiang Mai), and northeastern (Khon
Kaen and Ubon Ratchathani) parts of Thailand. The shaded
area identifies the location of this study area on toxoplasmo-
sis in pregnant women attending the ANC at Songklanagarind

TABLE 2

Univariate analysis for plausible risks factors associated with
Toxoplasma seropositive* pregnant women

No. of pregnant women

Total (n, %)  Toxoplasma seropositivity (n, %)
N =640 N=181

Variable = = P value
Awareness of 0.540
toxoplasmosis
No 553 (86.4) 154 (27.8)
Yes 87 (13.6) 27 (31)
Contact with cat
No 377 (58.9) 90 (23.9) 0.003
Yes 263 (41.1) 91 (34.6)
Uncooked meat
No 333 (52) 90 (27) 0.577
Yes 307 (48) 91 (29.6)
Blood transfusion
No 636 (99.4) 181 (28.5) 0.208
Yes 4(0.6) -
Source of drinking water
Boiled 110 (17.2) 36 (32.7)
Mineral/filtered water 426 (66.6) 107 (25.1) 0.036
Piped/tap/rain water 104 (16.3) 38 (36.5)
Drinking milk
No 38(5.9) 12 (31.6)
Boiled 6(0.9) 3 (50) 0.642
Pasteurized 596 (93.1) 166 (27.9)
Contact with soil
No 199 (31.1) 52(26.1) 0.233
Yes 441 (68.9) 129 (29.3)
Contact with other
animals
No 289 (45.2) 87 (30.1) 0.353
Yes 351 (54.8) 94 (26.8)

*Qverall seroprevalence of anti-Toxoplasma antibodies in the study subjects.

TABLE 3

Multivariate logistic regression analysis for risk factors associated
with Toxoplasma seropositive* pregnant women

Variable Adjusted odds ratio (OR) 95% CI P value
Age >36 1.64 1.01  2.67 0.04
Living outside Songkhla 1.56 1.08 224 0.01
province
Parity =22 1.65 1.01  2.68 0.04
Contact with cat 1.70 1.20 243  0.002
Drinking unclean water 1.70 1.08 2.68 0.02
(pipe/tap/rain)

*Overall seroprevalence of anti-7oxoplasma antibodies in the study subjects. Adjusted
variables include age group, address, parity, contact with cat, and source of drinking water in
this statistical analysis.

Hospital, Prince of Songkla University, Hat Yai, Songkhla,
southern Thailand.

DISCUSSION

Studies on toxoplasmosis, an important parasitic disease in
pregnant women, have been consistently reported from many
parts of the world. In our study, the result revealed that 28.3%

Ficure 1. The epidemiological surveillance data of toxoplasmo-
sis reported in pregnant women from central (Bangkok), northern
(Chiang Mai), and northeastern (Khon Kaen and Ubon Ratchathani)
parts of Thailand. The shaded area identifies the location of this
study area on toxoplasmosis in pregnant women attending the ante-
natal clinic (ANC) at Songklanagarind Hospital, Prince of Songkla
University, Hat Yai, Songkhla, southern Thailand.
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of 640 pregnant women were seropositive to Toxoplasma and
indicated a lifelong latent or subclinical toxoplasmosis. To the
best of our knowledge, this is the first study reported from
southern Thailand. Surprisingly, this study produced a higher
prevalence rate when compared with earlier studies in this
region (Figure 1),such as 2.5% to 27.2%>7°7!! from the central/
capital (Bangkok), 2.8%° from the north (Chiang Mai), and
3-12%'% from the northeastern parts of Thailand. This is also
a higher rate than reported from other Asian countries, includ-
ing rates of 3.7% in Korea,'* 7.7% in Vietnam,"” 10.6% in
China,' and 17.2% in Singapore.!” In general, the Toxoplasma
prevalence rate remains high in many parts of the world, e.g.,
40.8% in Nigeria,'® 48.6% in Albania,"” 49% in Malaysia,”
and 68.6% in Brazil.* This increasing number of Toxoplasma
serostatus further highlights the need for routine screen-
ing in women during the childbearing age, particularly from
endemic areas of toxoplasmosis, and to monitor the trend of
Toxoplasma infections. In addition, all seronegative women
should be tested for their Toxoplasma serostatus to prevent
their seroconversion during pregnancy.

Our study found that 6.1% of our pregnant women had
false positive reactions for anti-7oxoplasma antibody, which
was later confirmed by no seroconversion to indicate that
there was no risk of congenital infection. The seroconversion
is important, particularly in congenital infection. If women are
infected before pregnancy, there is no immediate effect on the
fetus. Furthermore, the gestational age at seroconversion is
also important, as congenital infection rates and its severity
are different. To our surprise, this is the first time IgG avidity
has been introduced for the routine screening of Toxoplasma
infection among pregnant women in Thailand and in our neigh-
boring Southeast Asian countries.'>!7?° From this study, we can
ensure that IgG avidity is a confirmatory test to differentiate
between recently acquired and past infections, and it is useful
to exclude acquired infection within the last 4 to 5 months.?>?
Moreover, IgG avidity can assist during the first trimester of
pregnancy when recent maternal infection reveals low IgG
avidity to indicate a high risk of congenital infection.?

The epidemiological study on toxoplasmosis in pregnant
women would be incomplete without assessing their signifi-
cant risk behaviors. The seroprevalence of Toxoplasma 1gG
antibody in our pregnant women increased with age,>2* and
can be explained because even though some of these countries
are located in different geographical zones, we definitely share
certain similarities in terms of our environment, culture, and life
styles. When considering residential areas, the prevalence rate
of Toxoplasma infection seems to be higher in rural or subur-
ban areas!'®??*% than for people living in urban or cosmopoli-
tan areas, which was also evidenced in our study. In Thailand,
local people in general and rural communities in particular are
still living in a low socio-economic condition and some could
have been infected with 7. gondii outside of Songkhla prov-
ince. However, a further study needs to be carried out on a
larger scale to clarify this association before any conclusion
can be made. It was of interest that Toxoplasma infection is
more likely to occur in women who had multiparity.?°?731:32
This is the first of its kind, to our knowledge, reported in
Thailand and the number of children that have contributed to
the increasing Toxoplasma prevalence in women is unknown.
Possible explanations for this problem are that women with
children are more likely to have contact with plausible risk
factors to Toxoplasma acquisition or they are careless when

preparing food that can lead to contamination® or because
their children have more contact with stray cats. Nevertheless,
an earlier study stated that children have not been identified
as an independent risk for prevalence of Toxoplasma.*® This
study confirms that contact with cats among our pregnant
women has also posed a significant risk factor for Toxoplasma
infection.!®?6343 In Thailand, we can find a large number of
stray cats roaming the streets, fresh/wet markets, public places,
and Buddhist temples in both urban and rural areas. There
are not only stray cats that always defecate anywhere but also
many owners of an indoor cat that allow their cats to defecate
outside their homes; consequently, there is a high chance of
T. gondii oocysts contaminating the environment and being
transmitted to man.* In contrast, a previous study pointed
out that having an indoor cat and direct contact with cats was
not enough to increase the transmission rate of infection with
T. gondii.* Unclean (pipe, rain, or tap) water was identified as
a potential source of transmission for 7. gondii found among
our pregnant women. This is considered to be a new finding
of an association with human waterborne toxoplasmosis ever
documented in Thailand and also in Southeast Asia. Water has
been implicated as a source of Toxoplasma infection and has
been reported globally for pregnant women.?**7-0 On the
basis of these findings, serial screening for Toxoplasma infec-
tion in the first, second, and third trimesters might make it fea-
sible to detect when seroconversion occurs, particularly among
high-risk pregnant women.

In conclusion, the results obtained from this study certainly
provide some baseline data on the prevalence and risk factors
of toxoplasmosis in pregnant women from southern Thailand.
Therefore, we propose that a health surveillance program be
used as a primary preventive measure for congenital toxoplasmo-
sis and focus on educating women in the reproductive age group
to avoid contact with feral cats and to strictly practice personal
hygiene. Moreover, future studies are recommended to be carried
out not only in seronegative pregnant women but also in sero-
positive HIV pregnant mothers to investigate seroprevalence-
related risk factors of 7. gondii and its vertical transmission.
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