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SUMMARY: Herein, we determined the seroprevalence, seroconversion, and risk factors associated
with Toxoplasma gondii (T. gondii) infection among pregnant women in Taipei, Taiwan. Pregnant wo-
men attending antenatal consultation in a Taipei medical center were invited, and 104 women completed
a self-administered structured questionnaire. Venous blood samples were collected during the first and
third trimester after consent was obtained. Serum IgG and IgM antibodies (Abs) as well as IgG avidity
were analyzed using an enzyme-linked fluorescent assay. Of the samples collected in the first trimester,
seven were seropositive for IgG Abs and one was seropositive for IgG + IgM Abs with a borderline
avidity index, resulting in an overall seroprevalence of 7.7%. No statistically significant association was
found between toxoplasmosis and age, pregnancy history, or any risk factors. Seroconversion was not
detected from paired sera between the first and third trimesters. Pregnant women with senior high
school education level or those who claimed to knowing Toxoplasma exhibited a significantly higher
seroprevalence than those with bachelor degree (P = 0.05) or those who claimed not to have this
knowledge (P = 0.05). Therefore, failure to understand the importance of 7. gondii infection and the

prevention measures resulted in the development of toxoplasmosis among these women.

INTRODUCTION

Toxoplasma gondii (T. gondii) is a zoonotic protozoa
found worldwide, and cats have been identified as the
definitive host. Humans can become infected with toxo-
plasmosis by drinking water or eating food contami-
nated with oocysts released in cat feces or by accidental
ingestion of raw or undercooked meat, such as pork and
lamb containing 7. gondii tissue cysts (1,2). Most
patients with primary infection are asymptomatic, only
a few patients develop symptoms such as lymphadenitis
and chorioretinitis.  Nevertheless, asymptomatic
patients carry a lifelong latent infection. In this stage,
the T. gondii cysts conceal in host organs including the
brain, heart, and skeletal muscles (3). The reactivation
of T. gondii in immunocompromised patients with
latent infection leads to toxoplasmic encephalitis with
fatal consequences (3). A previous study has indicated
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that latent chronic toxoplasmosis also increases the risk
of neuropsychiatric disorders, particularly schizophre-
nia, depression, psychiatric hospitalization, and suicide
4).

After maternal infection with of 7. gondii for the first
time during gestation, the parasite enters the fetal circu-
lation through the placenta, resulting in congenital
toxoplasmosis (CT). Early maternal infection (in the
first and second trimester) may result in severe CT and
cause utero fetal death and spontaneous abortion. By
contrast, late maternal infection (third trimester) typi-
cally results in normal appearance newborns. The infec-
tion is initially unnoticed; however, if left untreated, it
can lead to mental and psychomotor retardation, micro-
cephaly, hydrocephalus, seizures, blindness, and death
when affected individuals reach the age of 20-30 years
(5). The overall risk of maternal-fetal transmission of
the parasite is estimated at approximately 30%; the risk
of infection increases with increasing gestation time
(3,6).

The direct detectionof 7. gondii is difficult, there-
fore, most clinical laboratories use serological tests to
detect antibodies against 7. gondii, such as the latex
agglutination test, enzyme-linked immunosorbent assay
(ELISA), and indirect fluorescent antibody test (IFAT)
(7,8). Toxoplasmosis among pregnant women is a major
concern in both developed and developing countries. In
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developed countries, the reported seroprevalence was
17.3% in the United Kingdom (9), 31.7% in Upper Aus-
tria (10), 43.8% in France (11), 4% in South Korea (12),
and 10.3% in Japan (13). In developing countries, 6.1%
to 20.0% of pregnant women in Mexico had anti-
Toxoplasma 1gG antibodies (14), 49.5% in Brazil (15),
10.6% in Changchun, northern China (16), 28.3% in
southern Thailand (17), and 75.2% in Sao Tome and
Principe, West Africa (18).

However, during the past 30 years, lifestyle, socioeco-
nomic status, and the health care system have substan-
tially changed in Taiwan. Overseas traveling for Taiwan
residents has become more frequent and toxoplasmosis-
endemic areas are reportedly popular visiting points
(19). Although toxoplasmosis is rarely considered a
major concern for pregnant women in Taiwan, in 2009,
a case of CT with severe neurological manifestations
was reported in a native Taiwanese neonate; thereafter,
the Taiwan Health Authority began alerting the popula-
tion about toxoplasmosis (20). In this study, we investi-
gated the seroprevalence of toxoplasmosis and associ-
ated risk factors for pregnant women who attended our
antenatal clinic for routine examinations in the Depart-
ment of Obstetrics and Gynecology in Taipei Medical
University-affiliated Wan Fang Hospital between Sep-
tember 2009 and February 2011.

PARTICIPANTS AND METHODS

Participant selection: This cross-sectional study eval-
uated, pregnant women who attended our antenatal
clinic for routine examinations in the Department of
Obstetrics and Gynecology in Taipei Medical Univer-
sity-affiliated Wan Fang Hospital, Taipei between
September 2009 and February 2011. It was emphasized
to each woman that participation in this study would
be voluntary and anonymous. Informed consent was
obtained from all participants. Overall, 104 pregnant
women aged between 20 and 42 years (mean £ SD =
30.91 + 3.85 years), expressed their willingness to par-
ticipate in this study, and venous blood samples were
obtained during the first and third trimesters for deter-
mination of serum-levels of anti-7. gondii antibodies.

Self-administered questionnaires: Self-administered
questionnaires were administerd to participants on the
day of blood sample collection. Questionnaire items in-
cluded the participant’s knowledge of toxoplasmosis;
nationality; age; educational background; maternal
history; habits of consumption of certain foods such as
unwashed fruits and vegetables, untreated water, and
raw or undercooked meat or viscera; and history of
contact with cats, cat feces, and soil.

Serological testing for toxoplasmosis: To define the
maternal Toxoplasma serostatus, all serum samples
from the first and third trimesters were tested for anti-
T. gondii 1gG and IgM antibodies (Abs) by ELISA by
using the Vitek ImmunoDiagnostic Assay System
(VIDAS Toxo IgG II and IgM, bioMérieux, Etoile,
France) run in a VIDAS fully automated immunoana-
lyzer. The procedures and interpretation of the results
were performed according to the manufacturer’s in-
structions. For the IgG and IgM assays, positive results
were defined as IgG/IgM values of >8 international
units (IU)/mL and index values (IVs) of =>0.65.
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Equivocal results were defined as IgG/IgM values rang-
ing from 4 to 8 IU/mL and IVs ranging between 0.55
and 0.65. Negative results were defined as IgG/IgM
values of <4 IU/mL and IVs of <0.55. An IgM-posi-
tive sample was further tested for IgG avidity using a
commercial kit (VIDAS Toxo IgG avidity; bioM¢érieux)
performed using a VIDAS immunoanalyzer. The avidi-
ty index (AI) was the ratio of the signal in the test sam-
ple washed with 6 M urea, which disrupts low avidity
complexes, to that in the sample washed without 6 M
urea. The interpretation of Al was as follows: <0.200,
low avidity; 0.200-0.300, borderline avidity; >0.300,
high avidity. According to manufacturer’s guidelines,
high AI may exclude a recent infection contracted
within the past 4 months of gestation whereas low Al
does not exclude a recent infection contracted in less
than 4 months of gestation, and can be interpreted as a
probable recent infection. A borderline AI was consid-
ered as undefined toxoplasmosis.

Ethical considerations: The ethical approval of this
study was obtained from the Taipei Medical University
Joint Institutional Review Board (Approval No.
201009001). Written informed consent was obtained
from all participants.

Statistical analysis: We categorized the participants
into two age groups (20-29 years and >30 years) and
two educational groups (junior or senior high school
education level and bachelor degree or higher). Serum
samples were considered seropositive if they showed any
ELISA positivity. Data from self-administered ques-
tionnaires and ELISA examination were statistically
analyzed using SPSS software (SPSS, Chicago, IL,
USA). A logistic regression model was used to estimate
crude odds ratios (ORs); 95% confidence intervals (CIs)
were calculated to assess the strength of association, and
P values (P) <0.05 were considered statistically signifi-
cant.

RESULTS

Participant information: Overall, 104 pregnant wo-
men participated in this study. Demographic data, in-
cluding age and educational levels, are shown in Table
1. The mean age of the participants was 30.91 = 3.85
years; the median age was 31 years. More than 50% of
the participants had a bachelor degree or higher.

Seroprevalence and toxoplasmosis status: Of the 104
serum samples examined for Toxoplasma-specific 1gG
and IgM Abs, seven samples were seropositive for IgG
Abs, and one sample was seropositive for IgG and IgM
Abs; no sample was positive for IgM Abs alone. There-
fore, the overall seroprevalence was 7.7% (8/104).
Among the 104 pregnant women, 96 (92.3%) tested
negative for Toxoplasma-specific IgG and IgM
(IgG[—=1/IgM[—]), indicating that they were not in-
fected with T. gondii. Conversely, seven women (6.7%)
tested positive for IgG and negative for IgM
(IgG[+]1/IgM[—]), indicating chronic toxoplasmosis
infection. One participant was seropositive for both
Toxoplasma-specific 1gG and IgM (IgG[+ 1IgM[+]).
Therefore, the prevalence of possible maternal infection
contracted during pregnancy was 1.0% (1/104).
However, this same patient showed a borderline Al
(0.287), which was considered as undefined toxoplas-



Table 1. Logistic regression analysis of demographic characteristics and seroprevalence with crude odds ratios (ORs) and 95% confidence in-
tervals (ClIs) for toxoplasmosis among pregnant women in Taipei, Taiwan

) No. of No. c_)ﬁ Percentage of
Variable Group women seropositive seropositive for OR 95% CI P value
for T. gondii T. gondii (%)
Antibody IgG(+)/1gM(+) 104 1 1.0 NDD ND ND
responses IgG(+)/IgM(-) 104 7 6.7 ND ND ND
1gG(—)/1gM(+) 104 0 0.0 ND ND ND
Age (yr) 20-29 32 4 12.5 2.4 0.6-10.4 0.22
>30 72 4 5.7 Ref.2
Educational Senior high school or lower 23 4 17.4 3.8 1.1-16.8 0.05
level Bachelor degree or higher 77 4 5.2 Ref.
Not described 4 0 0.0 ND ND ND
Pregnancy First gestation
history Yes 59 4 6.8 Ref.
No 38 3 7.9 1.2 0.25-5.6 0.84
Abortion history
Yes 26 2 7.7 Ref.
No 70 S 7.1 0.9 0.17-5.1 0.93
Had a hydrocephalus baby
Yes 2 0 0.0 ND ND ND
No 91 7 7.7 ND ND ND
Knowledge of Knows Toxoplasma
Toxoplasma Yes 38 5 13.2 4.1 0.6-12.4 0.05
No 62 2 3.2 Ref.
Knows infection routes
Yes 83 6 7.2 1.9 0.4-9.0 0.76
No 19 1 5.3 Ref.
Knows effects on fetus
Yes 29 3 10.3 1.9 0.4-9.0 0.42
No 69 4 5.8 Ref.

D: Not determined.
2); Reference for each statistics.

mosis.

Sociodemographic characteristics and associated risk
factors for toxoplasmosis: The seroprevalence of toxo-
plasmosis was significantly higher among pregnant wo-
men with a senior high school or lower education level
(17.4%, 4/23) compared with those who held a bachelor
or higher degree (5.2%, 4/77) (OR = 3.8, 95% CI =
0.9-16.8, P = 0.05). However, no significant difference
in the seroprevalence was found between the age groups
of 20-29 years (12.5%, 4/32) and >30 years (5.7%,
4/72) (OR = 2.4,95% CI = 0.6-10.4, P = 0.22). With
regard to pregnancy history, no significant difference
was found in seroprevalence was found between preg-
nant women who were in the first gestation and those
who were not, and between pregnant women who had
both an abortion history and hydrocephalus newborns
and those who did not have either (P > 0.05) (Table 1).
Pregnant women who claimed to know Toxoplasma
showed a statistically higher seroprevalence compared
with those who did not know Toxoplasma (OR = 4.1,
95% CI = 0.6-12.4, P = 0.05). However, no statistical
difference in seroprevalence was observed between the
pregnant women who claimed to have knowledge of the
infection route or the effects on the fetus and those who
did not know (P > 0.05) (Table 1). Risk factors includ-
ing coming into contact with cats or soil, eating raw or
undercooked meat, eating frozen meat, drinking un-
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boiled water, and traveling abroad did not significantly
contribute to infection with toxoplasmosis (Table 2).

DISCUSSION

Toxoplasmosis is an endemic zoonotic parasitic dis-
ease found worldwide. Although most infections are
asymptomatic, toxoplasmosis can cause spontaneous
abortion, fetal death, and severe CT. Except for child-
bearing women, it is assumed that women of postmeno-
pausal age infected with 7. gondii have a significantly
higher risk of suicide (21), but this assumption requires
further investigation. Therefore, toxoplasmosis among
women of childbearing and postmenopausal age should
be considered a major public health concern. The over-
all seroprevalence in the 104 pregnant women evaluated
in this study was 7.7% (8/104). Our results indicated
that the seroprevalence of toxoplasmosis among preg-
nant women in Taipei was much lower than that report-
ed among aboriginal pregnant women (40.6%) and im-
migrant pregnant women (18.2%) in Central Taiwan
(22), but was similar to that reported in a previous study
on Taiwanese pregnant women in Taipei (9.1%) (19),
and in Central Taiwan (11.8%) (23). Compared with
neighboring countries, the overall seroprevalence in the
present study was similar to that reported in Japan
(10.3%) (13), and in Changchun, northern China
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Table 2. Logistic regression analysis of risk factors and seroconversion status with crude odds ratios (ORs) with 95% confidence intervals

(CIs) for toxoplasmosis among pregnant women in Taipei, Taiwan

) No. of No. c_)ﬁ Percentage of
Variable Group women seropositive seropositive for OR 95% CI P value
for T. gondii T. gondii (%)
Risk factors Contact with cats
Yes 10 1 10 1.8 0.2-17.0 0.61
No 85 5 5.9 Ref.D
Eat raw or undercooked meat
Yes 63 5.9 0.7 0.1-3.2 0.68
No 33 3 7.7 Ref.
Eat frozen meat
Yes 67 4 6.0 0.6 0.1-3.7 0.61
No 22 2 9.1 Ref.
Drink unboiled water
Yes 16 12.5 2.1 0.4-12.2 0.38
No 80 5 6.3 Ref.
Contact with soil
Yes 25 0 0 ND? ND ND
No 69 6 8.7
Travel abroad
Yes 20 3 15.0 3.2 0.7-15.5 0.14
No 76 4 5.3 Ref.
Seroconver- Third gestation 104 8 7.7 1.0 0.4-2.8 1.0
sion status First gestation 104 8 7.7 Ref.
Total 104 8 7.7 ND ND ND

D: References for each statistics.
2; Not determined.

(10.6%) (16); however, the overall seroprevalence in the
present study was higher than that reported in South
Korea (4%) (12). The difference in seroprevalence
among pregnant women in different districts may be
attributable to the habits of aboriginal Taiwanese popu-
lations of consuming raw liver or other meat products
from pigs and rats, as well as to their low economic
status, leading to increased risks of infection with toxo-
plasmosis (22,24,25); however, immigrant pregnant wo-
men may be susceptible to toxoplasmosis because of
poor hygiene habits associated with their low socioeco-
nomic status, resulting in a high seroprevalence (22).
Nevertheless, immigrant pregnant women may have
been infected before they came to Taiwan and should
not be ignored. Of note, toxoplasmosis is considered an
infection associated with poverty even in the United
States (26). A considerable number of studies have indi-
cated that several factors can explain the wide variation
in the the seroprevalence of toxoplasmosis in humans
between countries and often within a specific country or
between different communities in the same region, in-
cluding dietary habits, socioeconomic status, cultural
habits, quality of water, and sanitation coverage (7,27).

Among the eight seropositive cases positive for serum
anti-7. gondii IgG Abs, only one case was positive for
both anti-7. gondii IgG and IgM Abs, and a subsequent
IgG avidity test showed a borderline AI of 0.287.
However, the titers of IgG and IgM Abs of 9 IU/mL
and 1.1 IV, respectively, were low in the first trimester;
thereafter, a second test revealed that the titers of IgG
and IgM Abs remained stable at 10 IU/mL and 0.97 IV,
respectively, in the third trimester. These results indicate
that the change in the titers of IgG and IgM Abs was rel-
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atively small; notably, the titer of IgM Abs remained
low from the first to third trimester, suggesting that a
recent primary infection can be excluded (28). Although
this participant had two abortions and this was her third
pregnancy, fetal health was assessed in regular
ultrasound check-ups to assess the health status of the
newborn. Because most ELISA and IgM/immunosor-
bent agglutination assay (ISAGA) techniques can detect
IgM Abs months or years after infection, by monitoring
a cohort of 446 women infected with toxoplasmosis dur-
ing pregnancy, Gras et al. (29) reported that IgM Abs
persisting for more than 2 years were detected using
ISAGA and IFAT in 27% and 9% of women, respec-
tively. Therefore, the detection of IgM Abs is no longer
a marker of recent infection, unless IgM Abs are ob-
served at high titers; alternatively, a method currently
used to confirm or discard a recent infection is the deter-
mination of IgG avidity (3). A high avidity ratio can ex-
clude an infection contracted in the preceding 4 months,
consequently discarding an infection contracted during
gestation if the test was performed during the first
trimester. However, when Al is low or intermediate, the
interpretation is ambivalent, because AI cannot exclude
an infection contracted in the preceding 4 months or
confirm that the infection is recent, unless the index is
extremely low. Nevertheless, the advantage of avidity
testing is that it ensures that unnecessary spiramycin
treatment in pregnant women and unjustified long-term
follow-up of fetuses and infants are avoided (3).
Although the sample size of our study (104 partici-
pants) was small, the risk factors associated with toxo-
plasmosis were hardly identified using the present ques-
tionnaire. However, eating undercooked or frozen meat



or drinking unboiled water are likely risk factors among
pregnant women for contracting toxoplasmosis because
risk factor analysis of data of the eight seropositive
pregnant women showed that 62.5% (5/8) and 50.0%
(4/8) of them had a history of eating undercooked or
frozen meat, respectively, and 37.5% (3/8) of the
participants had a history of drinking unboiled water.
This hypothesis is largely supported by a large-scale
seroepidemiological study on toxoplasmosis conducted
in 2010 among healthy blood donors in Tiwan, indicat-
ing that the consumption of undercooked meat was an
independent risk factor for Toxoplasma seropositivity
(30).

The present study demonstrated that pregnant women
with a senior high school educational level or lower had
a higher seroprevalence of toxoplasmosis compared
with those with a bachelor degree or higher. Therefore,
pregnant women with a higher educational level should
have more knowledge of 7. gondii biology to prevent
toxoplasmosis. However, pregnant women who claimed
to know Toxoplasma had a higher seroprevalence
compared with those who did not have this knowledge.
Further analysis showed that 2 of 5 pregnant women
with a senior high school education level or lower who
claimed to know Toxoplasma had a higher seropositive
rate (40%) than those with a bachelor degree or higher
who claimed to know Toxoplasma (9.1%, 3/33). This
result may be attributable to a misunderstanding or mis-
interpretation of the phrase ‘‘knowing Toxoplasma’’ by
the participants with a low education level. Neverthe-
less, pregnant women who claimed to know T7oxo-
plasma might have overlooked the importance of pre-
vention measures to avoid being accidentally infected
with toxoplasmosis or their knowledge of toxoplasmosis
might have been incorrect, leading to a condition of fre-
quent exposure to 7. gondii. Similar findings have been
reported in the United States, wherein a national survey
showed that pregnant women’s level of knowledge of
toxoplasmosis symptoms and measures was relatively
low to prevent infection among those with a senior high
school education level, whereas, except for the risk of
transmission from cats, knowledge on toxoplasmosis
among all pregnant women surveyed was low. There-
fore, correct information about practices aimed to pre-
vent foodborne toxoplasmosis as well as general infor-
mation about toxoplasmosis should be continuously
provided (31). Evidence from previous studies under-
scorres the importance of health education on toxoplas-
mosis; a study in Belgium demonstrated that health edu-
cation was associated with a 63% reduction in T. gondii
seroconversion among pregnant women (32). In addi-
tion, a study in Poland demonstrated that toxoplasmo-
sis-related education of pregnant women doubled their
level of knowledge about the disease and prevention in 4
years (33). Therefore, it is urgent for the Taiwan Health
Authority to offer adequate health education programs
on toxoplasmosis to pregnant women not yet infected
with toxoplasmosis to avoid the occurrence of CT dur-
ing pregnancy.
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