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Abstract During 15 months (01 April 2003–31 July 2004),
20,389 women showing positive pregnancy tests were
included in a serological evaluation of toxoplasmosis
prevalence using automated immunoenzymatic assays.
The women’s serum samples were tested for the presence
of IgG and/or IgM antibodies. Overall, 53.03% of the
women were positive for IgG and 3.26% were positive for
IgM; the analysis used a chi-square adherence test and a
significance level of 0.05 (χ2=14,720.35; p=0.00). To
discriminate between recent and past infection, IgG avidity
tests (n=166) were carried out, of which 28.3% (n=47)
presented low avidity. The seroconversion index observed
in this study was 0.44%. The seroprevalence results
obtained were similar to other serology data found in other
regions of Brazil. These data demonstrate the importance of
continuous regional and national seroepidemiological in-
quiries to define public health strategies that can revert and
reduce serological prevalence, as described in other
countries where toxoplasmosis monitoring is mandatory.

Introduction

Toxoplasmosis is a cosmopolitan parasitic disease caused
by Toxoplasma gondii (Nicole and Manceaux 1909; Dubey
and Beatie 1988). Exposure to T. gondii can occur by the
ingestion of raw, undercooked meat, or unpasteurized milk;
organ and tissue transplantation; blood transfusion; or by
contact with oocysts in water or food contaminated with cat
feces. Vertical transmission allows T. gondii to cross the
placenta (Warnekulasuriya et al. 1998; Tenter et al. 2000;
Martino et al. 2000). The disease is usually asymptomatic
in immunocompetent individuals, but in immunocompro-
mised patients and fetuses at early stages of pregnancy, it
can lead to severe symptoms and sequelae (Sabin’s tetrad;
Petersen et al. 2001; Jones et al. 2003; Khurana et al. 2005;
Boyer et al. 2005). Infection can be diagnosed with several
non-automated methods or, as in most cases, with automat-
ed immunoassays such as direct parasitological methods,
cell culture and mouse inoculation, and, more recently,
polymerase chain reaction (PCR); PCR techniques also
allow the characterization of specific genotypes (Filisetti et
al. 2003; Morris and Croxson 2004; Chabbert et al. 2004;
Spalding et al. 2005). Despite the high prevalence of
toxoplasmosis throughout the world (20%–90%) and the
high resistance and persistence of the parasite in a broad
spectrum of biological matrixes, there is no consensus
concerning the clinical significance of antenatal or postnatal
screening methods. Nor are there specific laws that compel
the administration of serological tests or conventional or
other molecular tests for the detection of toxoplasmosis in
pregnant women, immunocompromised patients, and blood
donors, except in a few European Union countries like
France (Cantos et al. 2000; Pelloux et al. 2002).

The assessment of gestational toxoplasmosis is complex
and requires interdisciplinary teams working toward better
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clinical follow-up, laboratory diagnosis, and treatment. It is
essential to observe the clinical and laboratory parameters
of pregnant woman from the prenatal period to the postnatal
period in order to determine which diagnostic method(s) is
safer; this must constitute the basis of an algorithm for
clinical- and laboratory-based decision making in monitor-
ing pregnant women (Boyer et al. 2005; Mazzola et al.
2007; Mioranza et al. 2008).

Considering the facts presented above, the aims of the
present work were to determine the seroprevalence of anti-
T. gondii antibodies among pregnant women served by the
Health Units of the public service system in the city of
Curitiba, Brazil and evaluate the serological profile of that
population.

Materials and methods

Blood sample collection and serological tests were carried
out at the Curitiba County Public Laboratory (LMC-SMS-
PMC) over 15 months (01 April 2003–31 July 2004) as
well as at the Public Health Units (US) associated with the
Gynecology Clinical Offices at the University of Parana
Clinical Hospital (HC-UFPR). All the results were analyzed
at the Molecular Parasitology Laboratory of the Federal
University of Parana (LPM-UFPR). Prior to the initiation of
this study, the project was submitted and approved by the
Ethics Committee of the Federal University of Parana
Clinical Hospital and also by the Curitiba County Health
Department (CES-SMS-PMC). All serum samples
(n=20,389) were randomly selected from among women
with positive pregnancy tests (TIG+) out of 225,052
women of child-bearing age (15–49 years old) who used
the Curitiban Mother Assistance Program of the Curitiba
Public Health System (Programa Mãe Curitibana).

Sample processing The blood was drawn by venopunction
and preserved in a hemogram tube (EDTA, Becton and
Dickinson) in order to obtain the plasma or in a dry tube
(neutral gel, Becton and Dickinson) to obtain the serum
after centrifugation at 3,000 rpm for 10 min. All plasma and
serum samples were analyzed by automated immunoassays
to detect anti-T. gondii antibodies (IgM and IgG avidity).
The assays used for the serological analysis were MEIA-
AxSym® (ABBOTT) and CLIA/LIASON® (DiaSorin; IgM
and IgG). The commercial avidity tests used were as
follows: ELIFA/VIDAS® (Biomerieux) and CLIA/LIA-
SON® (DiaSorin). All the samples (plasma and/or serum)
were cryopreserved at −80°C to comply with quality
control and legal requirements.

Validation of the results All the commercial kits used were
tested from 01 April 2003 to 18 February 2004 (MEIA-

AxSym®, ABBOTT(IgG/IgM), and ELFA-VIDAS®, Bio-
merieux (avidity)) and from 19 February 2002 to 31 July 2004
(CLIA-LIASON®, DiaSorin (IgG/IgM avidity)). To evaluate
inter-assay variability and concordance, a K test (kappa) was
applied, and the hypothesis was tested using the chi-square
adherence test and a significance level of 0.05 (p<0.05).

Results

Validation of the immunoenzymatic methods The results of
the variability and global concordance assays comparing
the three automated immunoenzymatic tests used in the
present study, as evaluated by the non-weighted kappa test
(K), were as follows: 0.75 to 1.00 (excellent) for
MEIAXCLIA-IgG/IgG, IgM/IgM and >0.75 (good to
excellent) for CLIA X ELIFA, avidity.

Seroprevalence study During the period of the serological
analysis (01 April 2003 to 31 July 2004), 530,119 people
were served by the Public Health System of Curitiba
county. Out of this total number of patients, 29%
(n=153,734) were male and 71% (n=376,385) were
female. A total of 225,052 (59.8%) women of reproductive
age (between 15 and 49 years old, average 25.8±7.0 years
old) were preliminarily included in the study. Only female
patients with a positive immunological pregnancy test
(TIG+) were analyzed and subjected to seroprevalence tests
for anti-T. gondii antibodies (n=20,389; Tables 1 and 2).
Serological results were analyzed according to a distribu-
tion standard: IgG+/IgM+, IgG+/IgM−, IgG−/IgM+, and
IgG−/IgM−. The results showed that the frequency distri-
bution was not equal between different serological patterns
(χ2=14,720.35; p=0.00). The results defined the serolog-
ical profile of the pregnant women as follows: immune
(IgG+/IgM−), susceptible (IgG−/IgM−), and acute phase
(IgM+/IgG−). Overall, 53.03% of the women were immune
(n=8,740, chronic phase of the disease, IgG+/IgM−), and
3.26% were at risk of acute/recent infection (n=536, IgG−/
IgM+, IgG+/IgM+; Fig. 1).

Avidity tests Avidity tests (n=166) were carried out on
dually immunoreactive samples (IgM+/IgG+) in order to
define the specific clinical phase. Low avidity (seroconver-
sion) was observed in 28.3% (n=47) of the tests; 58.4%
(n=97) showed high avidity (past infection) and 13.3%
(n=22) were considered borderline (intermediate avidity)

Seroconversion Index A seroconversion index (SCI) of
0.44% was calculated based on serological results for IgM
reactivity (n=24, 0.16%) and serological results indicating
recent infection as indicated by low avidity (n=47, 0.28%;
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Fig. 2). However, the SCI was 1.19% when all 536
pregnant women were considered regardless of infection
phase including those with either IgM+ or IgM+/IgG+
results (in seroconversion or not; n=151, 0.91%) in
addition to the 47 women who had low avidity.

Discussion

The seroprevalence of anti-T. gondii antibodies of the IgG
class observed in the present study was 53.03%; patients
with these antibodies were considered immune. These data
are within the range of the average seroprevalence (43.7%)
of European countries such as Austria (37%), Belgium
(53%), Spain (38.8%), France (55%), Italy (40%), Poland
(36%), and Switzerland (46.1%; Lappalainen et al. 1992,
1993; Pelloux et al. 2002). However, it is higher than the
average reported rates for Scandinavian countries, especial-
ly those of Finland (20%), or for other countries in the New
World, such as Australia and New Zealand (4%).

The prevalence of antibodies of the IgM class, which is
related to the acute phase of infection, was 0.16% (n=24) if
we consider only IgM+ results. Only 3.10% of pregnant
women presented IgG+/IgM+ serology (n=512), which
indicates a diagnostic suspicion of recent infection or not.

Table 2 Technical description of methods per manufacturer, specific periods of analysis, type of tests, reference values, reactivity, and frequency (n)

Period Manufacturer and method Test Reactivity Frequency (n) Reference value
for reactivitya

April 01, 2003–February 18, 2004 MEIA/AxSYM®, ABBOTT IgG Positive 0.51% (43) ≥3 UI/mL

Borderline 0.73% (61) 2 ≤ × < 3 UI/mL

Negative 98.76% (8290) <2 UI/mL

IgMb Positive 0.04% (7) ≥0.6
Borderline 0.97% (184) 0.5 ≤ × < 0.6

Negative 98.99% (18793) ≤0.499
ELIFA/VIDAS® Toxo IgG
avidity test, Biomerieux

Avidity testc Low 21% (4) Index <0.200 IgG

Borderline 11% (2) 0.200 ≤ index ≤ 0.300

High 68% (13) Index > 0.300 IgG

February 19, 2004–July 31, 2004 CLIA/Liason®, DiaSorin IgG Positive 97% (3892) >8 UI/mL

Borderline 1% (23) 6 ≤ × ≤ 8 UI/mL

Negative 2% (78) <6 UI/mL

IgM Positive 20.6% (458) >8 UA/mL

Borderline 6.5% (145) 6 ≤ × ≤ 8 UA/mL

Negative 72.9% (1,625) <6 UA/mL

Avidity testc Low 18% (4) Index <0.200

Borderline 0% (0) 0.200 ≤ index ≤ 0.250

High 82% (18) Index > 0.250

a According to manufacturer(s)
b Index value ¼ Sample tax

Average tax index only IgG reactivity patientsð Þ
c Relative fluorescence value

Table 1 Number of pregnant women participant in the Curitiba
Mother Program to detect anti-Toxoplasma gondii immunoglobulins
IgM or IgG and simultaneously (IgM and IgG) and percentage
associated to the results

Serology Patients number Percentage (%)

For only one immunoglobulin

IgG+ 2,638 93.8

IgG− 184 6.2

Total 2,822 100

IgM+ 115 12

IgM− 843 88

Total 958 100

Research for both immunoglobulins

IgG+/IgM+ 512 03.10

IgG+/IgM− 8,740 53.03

IgG−/IgM+ 24 0.16

IgG−/IgM− 7,023 43.71

Total 16,479 100

Indeterminated serology 130 0.64

Total general 20,389 100
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The percentage of pregnant women with results that fit the
aim of the present study (IgM+ and IgM+/IgG−) was
3.26% (n=536). The distinction between recent and late
infection was established using the avidity test, which was
carried out in 166 pregnant women; these women returned
to receive the test and 28.3% (n=47) presented low avidity
(recent infection), whereas 58.4% (n=97) presented high
avidity (late infection) and 13.3% (n=22) presented
intermediate avidity.

The seroconversion rate observed in data from patients
in the acute phase (n=24, 0.16%) and in patients in the
recent infection phase (n=47, 0.28%) was 0.44%. However,
if we consider all 536 pregnant women, the seroconversion
rate would be 1.19% (n=151, 0.91%). The data related to
IgM+ prevalence in the present study show that our rates
are close to rates of incidence of acute toxoplasmosis
during pregnancy throughout the world, which vary from
0.06% to 1.4% (Remington 1990; Cantos et al. 2000;
Remington et al. 1994). The results of this study are similar
to the results obtained in some countries that carried out
acute phase studies by detecting Acs IgM; for instance,
results were similar in Spain (1.2% or 1.7%; Jaqueti et al.
1991; Jacquier et al. 1995), in Florianopolis, SC (0.87%;
Cantos et al. 2000), and in Campo Grande, MS (0.42%;
Figueiro-Filho et al. 2005).

There are no previous studies from Brazil presenting
average values obtained in a continuous way (day-to-day,
month-to-month, year-to-year), which makes it difficult to
monitor or establish projects related to the prevention and
treatment of toxoplasmosis in pregnant women and risk
groups in the various regions of Brazil. However, according
to Pelloux et al. (2002), the worldwide average incidence of
congenital toxoplasmosis is one to two per 1,000 births,
which would represent approximately 750,000 annual
births in the world. Our work shows that the situation in
the city of Curitiba, PR is similar to the global rate.

Our results emphasize the importance of monitoring
pregnant women throughout pregnancy, especially those
women with serological profiles compatible with acute or
recent infection; monitoring should aim at minimizing the
risks of prenatal infection and the sequelae, from the least
to the most severe in the peri-conceptional period, as well
as late sequelae that can be observed in the postnatal period
and even after birth. Importantly, the compulsory serolog-
ical monitoring of toxoplasmosis in pregnant women, as a
public prevention program, reversed the seroprevalence
trends in countries like France and Austria; the average
incidence of fetal toxoplasmosis was reduced from 40% to
7% (Warnekulasuriya et al. 1998; Lopez et al. 2000;
Spalding et al. 2005). Thus, it is important that measures
be taken to avoid trivial infections that result in severe
consequences for the susceptible population.

Conclusions

Of all the pregnant women evaluated for the presence of
anti-T. gondii antibodies, 53.03% showed IgG+/IgM−
results, which indicates an immune profile (past infection/
chronic phase), and thus, these women do not need further
clinical or laboratory monitoring. Another 43.71% were
seronegative for both immunoglobulins (IgM−/IgG−),
representing a population at risk of developing toxoplas-
mosis throughout the gestational period. Finally, 0.16% and
3.10% had IgM+/IgG− and IgM+/IgG+ results, respective-
ly; they were subsequently tested for avidity. Low avidity
was found in 28.3% of the women tested, indicating recent
and/or acute disease; 58.4% showed high avidity, which is
indicative of a past infection (chronic phase; Fig. 2). The
seroprevalence results for IgG and IgM allowed us to define
the serological profile of the pregnant women included in
this study and also revealed the similarity between our
results and other serology data found in other regions of
Brazil; this demonstrates the importance of continuous
regional and national seroepidemiological inquiries to better
define public health strategies and policies aiming to revert
and reduce the prevalence of serology, as described in other
countries where toxoplasmosis monitoring is mandatory

Fig. 2 Avidity test performed in 166 patients from the group of
women with IgG+/IgM+ results

Fig. 1 Percentage of women with T. gondii antibody titer. Women with
negative serology, positive for IgM and IgG, and in seroconversion
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(Cantos et al. 2000; Pelloux et al. 2002; Morris and
Croxson 2004; Spalding et al. 2005).
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