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Abstract: Toxoplasma gondii, a zoonotic protozoan parasite, has the capacity to infect the fetus if the
pregnant woman primarily acquires the infection during pregnancy. We evaluated the prevalence of
T. gondii IgG, IgM and IgA antibodies in women of reproductive age residing in Western Romania.
We also assessed the value of adding a T. gondii IgA test to the serologic panel for the diagnosis
of toxoplasmosis, including the detection of a recently acquired infection. Serologic testing to
demonstrate the presence of T. gondii IgG antibodies was conducted in 1317 females aged 15-45 years.
T. gondii IgM and IgA antibody tests were performed in those with detectable IgG antibodies and IgG
avidity test was performed if IgM and/or IgA screening test results were positive. T. gondii IgG were
detected in 607 (46.09%; 95%Cl: 43.41-48.79) of 1317 study participants and IgG seroprevalence tended
to increase with age from 35.44% (95%CI: 29.89-41.30) in age group 15-24 years to 62.85% (95%CI:
56.57-68.82) in age group 35-45 years, showing a significant age-associated increase (p < 0.001). Of
the 607 persons with detectable T. gondii IgG antibodies, T. gondii IgM antibodies were demonstrated
in 8.90% (95%CI: 6.88-11.43), T. gondii IgA in 1.65% (95%CI: 0.90-3.01) and both T. gondii IgM and IgA
in 0.99% (95%CI: 0.45-2.14). The prevalence of IgA antibodies tended to decrease with increasing
avidity, from 75% (95%CI: 19.41-99.37) in samples with low avidity to 11.76% (95%CI: 4.44-23.87) in
those with high avidity (p = 0.01). Of the study participants who were positive for both T. gondii IgM
and IgA antibodies, 66.67% had low or equivocal IgG avidity test results compared to 6.25% who
tested positive for IgM, were negative for IgA and in whom low or equivocal IgG avidity test results
were noted (p = 0.001). This study indicates that in Western Romania, T. gondii IgG seroprevalence
is high in females of reproductive age and T. gondii IgA antibodies may be rarely detected during a
serologic screening. However, in individuals with demonstrable T. gondii IgG and IgM antibodies,
testing for T. gondii IgA may improve the rate for the detection of a recently acquired toxoplasmosis.
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1. Introduction

Toxoplasma gondii, a zoonotic protozoan parasite with a worldwide distribution, can
infect both humans and all warm-blooded animals, including mammals and birds [1,2].
Felids (domestic and wild cats), the only definitive hosts, harbor the sexual parasitic cycle
and spread oocysts through feces [2,3]. Asexual replication of T. gondii occurs in a wide
variety of vertebrates which serve as intermediate hosts [4].
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T. gondii, by crossing the placenta, has the capacity to infect the fetus if the pregnant
woman primarily acquires the infection during pregnancy [5]. In congenitally infected
infants, the severity of fetal damage is related inversely to the stage of pregnancy when
maternal infection occurs: manifestations are usually more severe if T. gondii is transmitted
early in the gestation period [2,6] and spontaneous abortion, prematurity or stillbirth
may result [7]. Chorioretinitis, intracranial calcifications, hydrocephalus, microcephalus,
convulsions, hepatosplenomegaly, jaundice or fever are among the most frequently clinical
signs reported in infants with congenital toxoplasmosis [7-9]. The global prevalence of
latent infection with T. gondii in pregnant women is estimated at 33.8% and varies widely
from 0.7% in South Korea to 92% in Ghana. In European countries, the prevalence rate
is 31.2% [10]. Approximately 1.1% of pregnant women are acutely infected with T. gondii
during pregnancy worldwide, with a prevalence of 0.5% reported in European regions,
suggesting that a considerable number of fetuses are at risk of acquiring the infection [11].
Given the severe clinical manifestations that T. gondii may cause in these patients, it is
important to survey its distribution in females of reproductive age and pregnant women.

In Europe, data regarding congenitally infected children are still limited, given that
a nationwide epidemiological surveillance system for congenital toxoplasmosis has been
implemented only in France and Germany, and in Italy at a regional level [12]. The rate of
congenital toxoplasmosis in Romania is unknown [13] and little information is available
regarding T. gondii seroprevalence in children [14], pregnant women [5] or women of
reproductive age [15].

Diagnosis of both acquired and congenital toxoplasmosis is still based on serological
methods [6,16]. The evaluation of T. gondii antibodies (IgG, IgM, IgA) and IgG avidity
test results usually allows physicians to assess the immunologic status of a patient and to
diagnose seroconversion [17-19], but the serological diagnosis of toxoplasmosis is complex
and the interpretation of test results may be complicated by the long-term persistence of
specific IgM [17]. The IgG avidity test can discriminate between past and recently acquired
infections: a low avidity IgG test result is in general suggestive of a recent infection and
a high avidity test result excludes a recent infection in the past 4 months [6,16]. Some
laboratories use IgA test as an additional marker for diagnosis of acute toxoplasmosis [20]
and recent surveys have demonstrated that T. gondii IgA antibody testing might represent a
valuable adjunct for determining the timing of the infection, as part of a reference panel for
the diagnosis of acute toxoplasmosis [21]. Moreover, T. gondii IgA was sometimes useful in
detecting a recently acquired infection in the absence of T. gondii IgM antibodies [21,22].

Therefore, in this study, we assessed the prevalence of T. gondii IgG, IgM and IgA
antibodies in women of childbearing age residing in Western Romania. We also evaluated
the value of adding T. gondii IgA test to the serologic screening for toxoplasmosis, including
the detection of a recently acquired infection.

2. Materials and Methods
2.1. Study Design

Venous blood samples were collected between 1 February 2018 and 1 February 2019,
from 1317 consecutive women of reproductive age (1545 years), presented for routine
check-up, at the Municipal Clinical Emergency Hospital Outpatient Clinic in Timisoara,
Romania. Females were residents of Timis county, located in Western Romania, with a
total population of 705,113. The age given for each study participant is the age when the
blood sample was drawn upon enrolment in the study. Study participants were grouped
according to their age in 3 age groups: 15-24 years, 25-34 years and 3545 years. Peripheral
blood samples were collected by venipuncture in 6 mL red-top (plain, non-serum separator)
tubes and the serum samples were tested for the presence of specific IgG anti-T. gondii
antibodies. In cases of positive results, serum samples were further transferred to 1.5 mL
Eppendorf tubes and stored at —20 °C until T. gondii IgM and IgA antibody tests were
performed. A specific IgG avidity test was performed only when the presence of T. gondii
IgM and/or IgA antibodies was confirmed.
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No clinical criteria were used to include subjects in this study.

2.2. Serologic Tests

All serum samples were assessed for anti-T. gondii IgG with the ADVIA Centaur® XP
(Siemens Healthcare Diagnostics, Erlangen, Germany) electrochemiluminescence Toxo IgG
assay. The sensitivity and specificity for IgG detection were both 100% [23].

Enzyme-linked fluorescent assay (ELFA) designed for VIDAS (bioMérieux, Marcy-
I’Etoile, France) was used for identification of serum anti-T. gondii IgM antibodies and
evaluation of IgG avidity (VIDAS Toxo IgM kit and Toxo IgG Avidity kit, respectively).
ELFA IgM has a sensitivity of 100% and a specificity of 98.6% [24,25]. IgG avidity Vidas
was recently found to have an accuracy of 93.4% in detecting a T. gondii infection dating
more than 4 months [26].

Serum anti-T. gondii IgA antibodies were determined using a solid phase enzyme-
linked immunosorbent assay (ELISA) (DRG Toxoplasma gondii IgA ELISA kit, DRG, Mar-
burg, Germany) with a diagnostic sensitivity and specificity of 100% [27].

All tests were carried out according to manufacturers’ recommendations regarding
calibration and the running of controls.

2.3. Interpretation of the Serologic Test Results

Interpretation of test results was based on each of the manufacturer’s criteria.

T. gondii IgG antibody test results were interpreted as follows: <6.40 IU/mL, negative;
>6.4 to 10 IU/mL, equivocal; >10 IU/mL, positive [28]. T. gondii IgM test results were
interpreted as follows: <0.55, negative; >0.55 to 0.65, equivocal; >0.65, positive [29]. T.
gondii IgA test results were interpreted as negative if the ratio was <0.9; equivocal between
0.9 and 1.0 and positive if the ratio was >1.1 [27]. For the purposes of this study, IgG, IgM
and IgA equivocal test results were considered negative.

The Vidas IgG avidity test was interpreted as follows: <0.2, low avidity; >0.2 to
0.29, equivocal result; >0.3%, high avidity [29]. Low or equivocal tests results indicate
the possibility that an infection occurred within the past 4 months, and a high test result
excludes the possibility of a primary infection within the previous 4 months [21].

2.4. Data Management and Statistical Analysis

Data were collected using a Microsoft Excel database, version 2011 (Microsoft Corp.,
Redmond, WA, USA), and the statistical analyses were performed using Epi Info statistical
package, version 3.3.2 (Centers for Disease Control and Prevention, Atlanta, GA, USA)
and MedCalc for Windows, version 19.4 (MedCalc Software, Ostend, Belgium). Data are
presented as number (percentage), mean =+ standard deviation (SD), odds ratio (OR) with
95% confidence interval (CI). Mantel-Haenszel chi-square test and Fisher’s 2-tailed exact
test were used to compare proportions between groups. A p value of <0.05 was considered
of statistical significance.

2.5. Ethical Consideration

This study was approved by the Victor Babes University Ethics Committee, Timisoara,
Romania (no.2 from 8 January 2018). All participants included in the study were thoroughly
informed about the study goals and the procedures, and provided written informed consent.
For individuals under the age of eighteen, the parents/legal guardians provided the written
informed consent.

3. Results

Of the 1317 female study participants aged 1545 years (mean = 29.45 + 6.16 years), T.
gondii IgG antibodies were demonstrated in 607 (46.09%) (95%Cl: 43.41-48.78) and tended
to increase with age, from 35.44% (95%CI: 29.89-41.30) in age group 15-24 years to 62.85%
(95%CI: 56.57-68.82) in age group 35-45 years, showing a significant age-associated increase
(p <0.001; OR = 1.73; 95%CI:1.46-2.06) (Table 1).
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Table 1. Seroprevalence of Toxoplasma gondii IgG in females of reproductive age from Western

Romania according to age.

Prevalence of T. gondii Infection
Univariate Analysis

Variables No. Tested N (%) OR (95% CI) p Value
Age groups
(years)
15-24 285 101 (35.44) 1 (Ref.)
25-34 779 347 (44.54) 1.46 (1.11-1.94) 0.007
35-45 253 159 (62.85) 3.08 (2.17-4.38) <0.001
Total 1317 607 (46.09) -

N, number of T. gondii seropositive females; OR, odds ratio; CI, confidence interval; Ref., reference.

T. gondii IgM and IgA antibody tests were performed for the 607 females identified
with IgG antibodies and the IgG avidity test was performed subsequently in 58 (9.56%)
samples that tested positive for T. gondii IgM and/or IgA antibodies. In 549 (90.44%) of the
607 cases in which the IgG avidity test was not performed, the diagnosis of chronic infection
was based on the negative results for both T. gondii IgM and IgA antibodies (Figure 1).

1317 females of reproductive age

\

607 (46.09%) 710 (53.91%)
IgG (+) IgG ()
6(0.99%) 48 (7.91%) 4(0.66%) 549 (90.44%)
IgM (+) and IgA (+) IgM (+) and IgA () IgM (-) and IgA (+) IgM (-) and IgA ()
4(66.66%) 2(33.33%) 3(6.25%) 45 (93.75%) 0(0%) 4(100%)
Low or equivocal High Low or equivocal High Low or equivocal IgG High
IgG Avidity IgG Avidity IgG Avidity IgG Avidity Avidity IgG Avidity

Figure 1. Serologic screening for the detection of Toxoplasma gondi i 1gG, IgM and IgA antibodies in
1317 females of reproductive age from Western Romania.

T. gondii IgM antibodies were demonstrated in 54 (8.90%; 95%CIl: 6.88-11.43)) of the
607 IgG positive study participants, IgA in 10 (1.65%; 95%CI: 0.90-3.01) and both T. gondii
IgM and IgA in 6 (0.99%; 95%CI: 0.45-2.14). Of the 54 females with IgM antibodies, only
6 (11.11%) also had IgA antibodies, whereas 6/10 (60%) of study participants with IgA
antibodies also had IgM antibodies (Table 2, Figure 1).

Table 2. T. gondii IgM and IgA antibody test results in females with detectable T. gondii IgG antibodies.

No. (%) of Females Aged 15-45 Years with

Result(s) for Individual Serum Samples Detectable T. gondii IsG Antibodies

IgM (+) 54 (8.90)
IgM (—) 553 (91.10)
IgA (+) 10 (1.65)
IgA (—) 597 (98.35)
IgM (+), IgA (+) 6 (0.99)
IgM (+), IgA (—) 48 (7.91)
IgM (—), IgA (+) 4(0.66)
IgM (—), IgA (—) 549 (90.44)

(+), positive; (—), negative.
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Of the 58 serum samples that tested for IgG avidity, 7 (12.07%) had low or equivocal
IgG avidity test results: 4 (6.90%) had low IgG avidity test results and 3 (5.17%) had
equivocal IgG avidity test results (Figure 1). Of the 6 study participants who were positive
for both T. gondii IgM and IgA antibodies, 4 (66.67%) had low or equivocal IgG avidity test
results compared to 3 of 48 (6.25%) who tested positive for IgM, were negative for IgA and
in whom low or equivocal IgG avidity test results were noted (p = 0.001) (Table 3, Figure 1).

Table 3. Toxoplasma gondii IgM and IgA antibody test results compared to IgG avidity results in
females with detectable Toxoplasma gondii IgG antibodies.

IgG Avidity Assay
. . - No. of Samples
Serologic Tests Low or Equivocal High Tested P
No. (%) of Samples No. (%) of Samples

IgM (+) 7 (12.96) 47 (87.04) 54

IgM (—) 0(0) 4 (100) 4

IgA (+) 4 (40) 6 (60) 10

IgA (—) 3 (6.25) 45 (93.75) 48
IgM (+), IgA (+) 4 (66.67) 2(33.33) 6
IgM (+), IgA (—) 3(6.25) 45 (93.75) 48
IgM (—), IgA (+) 0(0) 4 (100) 4

(+), positive; (—), negative.

The prevalence of IgA antibodies tended to decrease with increasing avidity, from
75% (3/4) in samples with low avidity (0.0-0.19) to 11.76% (6/51) with high avidity (>0.3)
(p =0.01).

Moreover, of the 51 females with a high avidity test result (>0.3), only 11.76% (6/51)
had IgA antibodies compared to 92.16% (47/51) of those in whom IgM antibodies were
detected (p < 0.001) (Table 4).

Table 4. Toxoplasma gondii IgM and IgA antibody test results compared to IgG avidity results.

IgG Avidity Test No. of Females No. (%) of Females Tested Positive

IgG Avidity

Interpretation Tested IgM IgA

0.0-0.19 low avidity 4 4 (100) 3(75)
0.20-0.29 equivocal 3 3 (100) 1(33.33)
>0.3 high avidity 51 47 (92.16) 6 (11.76)

4. Discussion

In immunocompetent individuals, infection with T. gondii is generally self-limiting
and asymptomatic [30,31], but is capable of causing devastating congenital infection by
vertical transmission [32]. The maternal-fetal transmission rate varies from 2.6% at 3 weeks
to 69.8% at 39 weeks of pregnancy [33]. Serologic screening of pregnant women followed
by treatment in specific cases can reduce the rates of vertical transmission and therefore the
disease severity in the affected fetus [32-36].

There is little information available to the international scientific community regarding
T. gondii prevalence in Romanian women. The studies published so far have been carried
out on small samples of population and revealed a seroprevalence from 19.5% in girls aged
1-18 years [14], to 55.8% in pregnant women aged 1241 years [5], based on serologic test
results for IgG and/or IgM anti-T. gondii antibodies. The 46.09% seroprevalence of T. gondii
IgG in our study group is lower than the 57.6% reported by Olariu et al. in 2008 [15] in the
same geographical area and similar to the 43.2% T. gondii prevalence recently demonstrated
in female blood donors aged between 18 and 45 years from Western Romania [37]. These
results suggest a decreasing trend in the seroprevalence of T. gondii in this region, and
are consistent with results of previous studies conducted in Europe that confirmed such
a decrease in seroprevalence [38—40]. There are several factors which can explain this



Life 2022, 12,1771

6 0f 9

decline: nowadays domestic cats feed less often with raw meat (rodents hunting) because
they are fed with dry food [41]; crude vegetables are washed before consumption [42]; the
quality of water has improved and the consumption of bottled water has increased [42];
commercialized meat is infrequently infected with T. gondii; during transportation, meat is
deep-freezed and this can lead to a decrease of consumption of infected meat [42].

In this study, the prevalence of IgA antibodies was 1.65% compared to the 8.90%
prevalence of IgM, suggesting that the detection rate of T. gondii IgA antibodies may be
lower than the IgM, during a serologic screening for toxoplasmosis. The prevalence of T.
gondii IgA antibodies found in our survey is lower than the 13% and 8.7% seroprevalence
reported by investigators in pregnant women from the USA [21] and in mothers with
spontaneous abortion from Iran [43], respectively. Unlike our study, where females were
investigated in the order in which they presented for routine laboratory check-up, in other
studies participants were pregnant women suspected to have been infected with T. gondii.
However, in Brazilian pregnant women selected by convenience when they presented
for the antenatal care consultation, the seroprevalence of T. gondii IgA antibodies was
0.82% [44], lower than our findings. These differences may also be explained by different
sample size and various assays (with different sensitivities and/or specificities) used to
identify the presence of T. gondii IgA antibodies [37].

When conventional serologic tests (T. gondii IgG, IgM and IgA) were used in our study
group, 9.56% (58/607) of females could be suspected to have been recently infected. If
IgG avidity and serologic tests (IgG, IgM, IgA) were combined, only 1.15% (7/607) of the
females could be suspected of having a recent infection. Similar results were published by
Berredjem et al. [45].

Results of this survey suggest that a recent infection is more likely to be diagnosed
in women with both T. gondii IgM and IgA antibodies (66.67%) compared to women in
whom only IgM antibodies were present (6.25%). This indicates that T. gondii IgA is more
likely to be positive if the infection occurred more recently, similar with results of previous
studies [21,43,45,46]. To assess the risk of active disease, especially in pregnant women,
testing for T. gondii IgG and IgM antibodies alone is often insufficient [47,48], because
T. gondii IgM, when detected, may also indicate a long-term persistence of these specific
antibodies [49]. However, the presence of T. gondii IgA antibodies at the same time with
IgM and IgG is in favor of acute infection, given that the IgA test has a higher specificity
and positive predictive value for the diagnosis of acute infection [20].

Though our sample size was large, the number of individuals tested for avidity was
small and this may be considered a study limitation. However, our assessments regarding
the interpretation of T. gondii IgM, IgA and IgG avidity test results are in line with those
recently reported in a study performed in the USA [21]. The higher prevalences of IgM and
IgA antibodies found in the USA reference laboratory may be explained by the referral bias,
due to testing of pregnant women on the doctors’ recommendation in case of suspected
T. gondii infection, compared to the lower IgM and IgA values found in our study where
testing was performed by screening among women of reproductive age. In addition, serum
samples with negative results for T. gondii IgG antibodies were not tested further for the
presence of specific T. gondii IgM antibodies, and this may also be listed as a limitation of
our study. However, cases with detectable IgM antibodies in absence of IgG antibodies
are extremely rare [50] and it is highly unlikely that IgM testing of negative IgG sera may
significantly change the results of this study.

In most countries, efforts at preventing T. gondii infection frequently focus on pregnant
women in order to reduce the risk of miscarriage and congenital infections. However,
outbreaks in immunocompetent individuals have been described, which suggests that
prevention and control measures, together with health education should also be directed to
the general population [51].
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5. Conclusions

Results of the present study suggest that T. gondii prevalence is still high in Western
Romania, although a declining trend of the seroprevalence was noted.

This survey indicates that T. gondii IgA antibodies may be rarely detected in females liv-
ing in a Romanian endemic region and in whom a serologic screening has been performed.
Therefore, our data suggest that T. gondii IgA test should not be routinely performed
for screening purposes. However, in persons with demonstrable T. gondii IgG and IgM
antibodies, testing for T. gondii IgA may improve the rate for the detection of a recently
acquired toxoplasmosis.
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