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SUMMARY

Avalid estimate of test efficiency is needed to choose ad-
equate screening and detecting strategies in diagnosis of
acute toxoplasmosis. Therefore, in the present study we
evaluated the efficiency of diagnostic laboratory meth-
ods to detect anti-toxoplasma antibodies in single serum
samples of pregnant women by indirect immunofluo-
rescence test (IIF), enzyme-linked immunosorbent assay
(ELISA) and IgG avidity tests in north-western Iran. In
an analytical-descriptive study, during March 2010 to
April 2013, 391 pregnant women aged 21 to 35-years
who were referred by gynaecologists or infectious dis-
ease specialists for anti-toxoplasma antibody evaluation
were studied. A peripheral blood sample was collected
from individuals and serum was prepared immediately
for anti-toxoplasma antibody evaluation by IIF, ELISA
and IgG avidity tests. ELISA and IgG avidity tests were

B INTRODUCTION

Tbxoplasma gondii is a well-known zoonotic in-
tracellular protozoan parasite which approxi-
mately one-third of the world’s population is in-
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used as gold standard. Evaluation of anti-toxoplasma
antibodies by IIF revealed that 280 cases (71.61%) were
seropositive and 111 (28.38%) seronegative, while eval-
uation by ELISA revealed that 267 cases (68.28%) were
seropositive and 124 (31.70%) seronegative; 65 (16.62%)
were IgM positive by both IIF and ELISA tests. There
were 45 (69.23%) and 7 (10.76%) IgM positive suspect-
ed cases respectively in IIF and ELISA confirmed by the
IgG avidity test for recent toxoplasmosis. This study
highlights how to manage and evaluate pregnant wom-
en who are suspected to be infected with toxoplasmosis
by using diagnostic tests, especially in a single serum
sample indication.

Keywords: toxoplasmosis, diagnostic tests, ITF, ELISA,
IgG avidity.

fected with [1-3]. It can infect a variety of animals
including a wide range of mammals, birds, and
humans. Domestic and free-ranging felines are
known the main hosts in the transmission of Toxo-
plasma gondii, since they are the only hosts that
can produce and shed resistant oocysts in envi-
ronment through the feces [4-8].

Formation and titration of Anti-Toxoplasma IgG
in adults as a diagnostic tool, depends on various
factors such as age, geographical background,
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and assay methods [9-11]. Toxoplasmosis is often
asymptomatic in humans or is associated with
mild, non-specific clinical symptoms in immu-
nocompetent subjects, but in pregnant women
seroconversion, reactivation of a chronic infection
cause fetal damages which considered as congen-
ital toxoplasmosis [12]. Significant fetal damage
has been documented in offspring of women who
were entirely asymptomatic or who had no appar-
ent exposure to the parasite during gestation [13].
Classically serodiagnosis includes titration of spe-
cific immunoglobulin G (IgG), showing previous
exposure and screening for specific IgM, which
may be evidence of recent exposure or ongoing
active infection [14]. Pregnant women need to be
systematically screened for Toxoplasma gondii IgG
and IgM antibodies during their first medical visit
(ideally in their first trimester) in obstetrical care
[15, 16]. Serial specimens facilitate the unequivo-
cal diagnosis of a recently acquired infection by
demonstration of seroconversion or a significant
rise in IgG Toxoplasma antibodies accompanied
by the presence of detectable IgM titers [17]. The
problem with serologic diagnosis is further com-
plicated by the fact that antibodies to Toxoplasma
gondii may persist for years in healthy people
[18]. Therefore, positive IgG and IgM test results
do not demonstrate recently acquired infection.
Accurate diagnosis of recently acquired infection
with Toxoplasma gondii is important for the prop-
er clinical management of pregnant women. It is
very important to determine whether a pregnant
woman was recently infected or not. In Iran, di-
agnosis is often made by serological tests using a
single sample of serum [19]. Also, it is critical to
determine that the infection was acquired prior to
gestation or during gestation. For these reasons,
several assays must be performed for determina-
tion of toxoplasma serological profiles (TSPs) by
ELISA, ISAGA, IgG avidity, IIF and Dye test. The
aim of present study was to compare ELISA and
IIF as an acceptable or gold standard method and
IgG avidity test as a confirmatory assay for diag-
nosing acute toxoplasmosis in pregnant women.

B PATIENTS AND METHODS

In an analytical-descriptive study from March
2010 to April 2013, 391 pregnant women who
were referred to Imam-Reza Educational-Clini-

cal center of Tabriz University of Medical Scienc-
es (which is a referral center in the north-west of
Iran) by gynecologists and infectious disease spe-
cialists for anti-toxoplasma antibody evaluation
by IIF, ELISA, and IgG avidity tests were studied.
These individuals were in the different stages
of pregnancy. A questionnaire was prepared for
evaluating the demographic, epidemiologic and
pregnancy information. Serum samples were pre-
pared in the same condition and subjected to an-
ti-toxoplasma antibodies evaluation by IIF, ELI-
SA, and IgG avidity tests.

IIF test

The IIF was performed to demonstrate IgG or
IgM antibodies to Toxoplasma gondii. Antigen-
coated slides, conjugated polyvalent anti-human
immunoglobulin and serum controls were pur-
chased from Baharafshan Company Tehran, Iran.
Antihuman serum conjugated with fluorescin iso-
thiocyanate (FITC) was used at a dilution of 1:20
in Phosphate Buffered saline (PBS) in 0.1% Evans
blue. Diluted sera were placed on antigen spots
then incubated at 37 “C for 30 minutes. The slides
were rinsed in PBS (pH: 7.6) two times for 5 min-
utes and dried. A drop of diluted FITC-AHG was
added to each spot. Slides were incubated at 37°C
for 30 minutes, and after washing mounted with
buffered glycerol. The slides were evaluated using
a fluorescent microscope. Positive samples were
determined by complete peripheral or whole par-
asite. A negative result showed only apical stain-
ing. For screening of toxoplasma-specific IgG by
IIE, serum dilution of 1/100 was used as starting
dilution, if necessary higher dilutions, including
1/200, 1/400, 1/800 were used. For screening of
toxoplasma-specific IgM only 1/100 serum dilu-
tion was prepared, but in suspected cases it was
prepared 1/50 and 1/200 dilutions, respectively.

ELISA test

The sensitivity and specificity of Toxoplasma
specific-IgG test (RADIM, Italy) have been es-
timated to be 97.1% and 99.1%, respectively. All
the procedures including Toxoplasma IgG and
IgM, IgG avidity tests were done as instructed by
the manufacturer. The optical density (OD) of 15
IU/ml were considered for both negative control
and cut-off calibrator in IgG test. The presence
or absence of anti-Toxoplasma IgG antibodies is
defined by comparison of the sample absorbance
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with the cut-off calibrator absorbance. Samples
with lower OD from the 15 IU/ml (cut-off) were
considered as negative results for anti-Toxoplas-
ma IgG antibodies, while samples with OD high-
er than the cut-off calibrator were considered pos-
itive for anti-Toxoplasma IgG antibodies. Samples
with absorbance values varying within +10% of
the cut-off calibrator considered as suspected re-
sults (gray zone). Measurement of anti-Toxoplas-
ma IgG antibodies was done quantitatively based
on 30, 60, 120 and 240 IU/ml concentrations of
calibrators.

The Toxoplasma IgM antibodies were detected by
toxoplasma specific IgM antibodies kit (RADIM,
Italy). The sensitivity and specificity of Toxoplas-
ma IgM test have been estimated to be 98.1% and
98.2%, respectively. For IgM antibodies, OD calcu-
lation of samples were performed. The presence
or absence of anti-Toxoplasma IgM antibodies is
defined by comparison of the sample absorbance
to the absorbance of the cut-off control. Samples
with lower OD than the cut-off control OD were
considered as negative results for anti-Toxoplas-
ma IgM antibodies, while samples with higher
OD than the cut-off control OD were considered
as positive results for anti-Toxoplasma IgM anti-
bodies. Samples with absorbance values ranging
within +10% of the cut-off control were consid-
ered as suspected results and re-tested for confir-
mation (gray zone).

IgG Awvidity test

The sensitivity and specificity of the Toxoplasma
specific IgG avidity EIA-test (RADIM - Italy) have
been estimated to be 89% and 90%, respectively.
The avidity percentage less than 20% (<20%) is
considered as low avidity and greater than 30%
(>30%) was considered as high avidity, and 20-30%
was considered as suspected results (gray zone).

Ethical issues

All patient had filled a written consent form be-
fore entering the study. All procedures performed
during this study was a necessary part of their
routine therapeutic process and no additional
fees were added regarding the study. During the
study, all the patient’s information was anon-
ymous and the information was labeled with
codes. The study protocols were confirmed by
Ethics Committee of Tabriz University of Medical
Sciences which follows Helsinki Declaration.

Statistical analysis

SPSS software version 16.0 was used to perform
Chi-square test for data analysis. Frequency (per-
centage) was used to express descriptive data.
Sensitivity, specificity, positive and negative pre-
dictive values, and accuracy of tests were calcu-
lated. P value less than 0.05 was considered statis-
tically significant.

B RESULTS

In the present study, 391 patients were screened
for Toxoplasma specific IgG and IgM antibodies
by IIF and ELISA tests, then these results were
used to discriminate their infection status. Finally,
suspected patients were subjected to IgG avidity
test. Of all 391 patients, 215 (54.98%) were in first
trimester, 102 (26.08%) were in second trimester
and 74 (18.92%) were in third trimester of gesta-
tion.

Frequencies of positive and negative results of
toxoplasma antibodies by IIF and ELISA tests are
shown in Table 1; as it is seen, both IIF and ELISA
tests have presented the same positive IgM and
positive IgG samples. Although IIF test has less
IgG negative samples than ELISA test, this differ-
ence was not statistically significant (p=0.21). Of
all 391 women in IIF test, 111 (28.39%) were IgG
negative, which 42 samples (10.74%) were weakly
positive and 69 remaining samples (17.64%) were
negative.

Table 2 presents frequency of positivity for each
dilution in IIF and ELISA tests; of all 65 IgM and
IgG positive samples in ELISA test, 58 samples
(14.83%) were definite positive for IgM and 7
samples (1.79%) were doubtfully positive or in

Table 1 - Frequency of positive & negative results of
toxoplasma antibodies by IIF and ELISA tests.

IIF ELISA

Seronegative 111 (28.39%) 124 (31.71%)

(]

z |18G(only) 215 (54.99%) | 202 (51.67%)

= Positive

§ IgG & IgM

- o) o,

3 Positive 65 (16.62%) 65 (16.62%)
TOTAL 391 (100%) 391 (100%)

IIF: Indirect Inmunofluorescent test; ELISA: Enzyme Linked Immuno-
sorbent Assay.
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Table 2 - Frequency of positivity for each dilution in IIF and ELISA tests.

Test IgG IgM

Dilution* Frequency (N=391) Frequency (N=65)
<1/100 111 (28.39%)

IF 1/100 77 (19.69%)
1/200 94 (24.04%)13 13 (3.32%)
1/400 90 (23.01%)37 37 (9.46%)
1/800 19 (4.86%)15 15 (3.83%)
Concentration** Frequency (N=391) Frequency (N=65)
<30 IU/ml 124 (31.71%)

e 30-60 IU/ml 71 (18.15%)
60-120 TU/ml 51 (13.04%)
120-240 IU/ml 38 (9.71%) 15 (3.83%)
240-480 IU /ml 107 (27.36%) 50 (14.83%)

IIF: Indirect Immunofluorescent test; ELISA: Enzyme Linked Immunosorbent Assay.

*<1/100 was considered negative.
**<30 IU/ml was considered negative.

Table 3 - Confirmatory role of IgG avidity test in discrimination of recent and past infection of toxoplasmosis.

Test Frequency IgG avidity index*
Weakly IgG positive 42 (10.74%) +
IIF Definite 45 (11.50%) -
IgM positive
Gray zone 20 (5.11%) -
Definite 58 (14.83%) -
ELISA IgM positive 5(1.27%) -
Gray zone
2 (0.51%) +

IIF: Indirect Inmunofluorescent test; ELISA: Enzyme Linked Immunosorbent Assay.
*IgG avidity index more than 30% was considered positive and less than 20% was considered negative.

gray zone. In IIF test, of all 65 IgM and IgG pos-
itive samples, 20 samples (5.11%) were definite
positive for IgM and 45 samples (11.5%) were
doubtfully positive or in gray zone. As it is pre-
sented, definite positive IgM samples were more
in ELISA test than IIF test (p=0.01).

Results of IgG avidity test confirmatory role in
discrimination of recent and past infection of
toxoplasmosis is shown in Table 3; all IgM posi-
tive samples (definite and gray zone) in IIF had
avidity index less than 20%, indicating a recent in-
fection, while all weakly positive IgG samples in
ITF test proved to have IgG avidity more than 30%
which indicates a past infection. In ELISA test of
all 65 positive IgM samples, all samples proved
to have IgG avidity index less than 20%, except 2

samples which had higher than 30% IgG avidity
index (false positive cases of ELISA test). Sensi-
tivity and specificity of each test is presented in
Table 4; ELISA test if associated with IgG avidity
test is the most reliable test (sensitivity =100% and
specificity =100%).

Table 4 - Sensitivity and specificity and confidence in-
tervals of IIF & ELISA & and 1gG avidity tests.

Test Sensitivity Specificity
IIF only 100 (83.0-100%) | 87.9 (84.1-91.0%)
ELISA only 100 (94.0-100%) | 98.5 (96.5-99.5%)
ELISA+ avidity 100 (94.4-100%) | 100 (98.9-100%)

IIF: Indirect Immunofluorescent test, ELISA: Enzyme Linked Immuno-
sorbent Assay.
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B DISCUSSION

Prevalence of toxoplasmosis differs greatly from
one country to another or even from one region to
another. Contamination by Toxoplasma gondii can
vary depending on cultural customs and eating
habits, resulting in a prevalence ranging from less
than 10% in certain regions of northern Europe to
more than 90% in Africa [20-22]. Several studies
demonstrated distribution pattern of toxoplasmo-
sis in different parts of Iran, which ranges from
25-70% [16, 23-27].

Histological examinations of biological samples,
show the lack of reliability when the animals are
infected with few parasites [28]. Serological tests
are the most common diagnostic methods used
nowadays; especially Dye test and IIF requiring
intact tachyzoites, because during the infection,
the first significant increase in IgM and IgG an-
tibodies is observed against cuticular antigens
[29]. Diagnosis of recent toxoplasmosis has been
traditionally done by detection of specific IgM
antibodies and/or by demonstrating a significant
increase in specific IgG antibodies by different
methods. High IgG antibodies titers against Toxo-
plasma gondii among normal individuals in most
populations and persistence of specific IgM anti-
bodies in some cases have complicated the inter-
pretation of serological tests when toxoplasmosis
is suspected [30]. Two situations occur frequently:
cases with a positive IgM with negative IgG and
cases with positivity for both IgG & IgM. In the
first situation (M+, G-), it is recommended to eval-
uate a second serum sample after two weeks [31].
We conducted the present study to compare IIF,
ELISA and IgG avidity tests for the detection of
anti-Toxoplasma antibodies in single serum sam-
ple in pregnant women. During this study, 391
pregnant women were evaluated. Based on find-
ings of present study, according to IIF test results;
280 (71.61%) women were seropositive and IgM
were positive in 65 (16.62%) individuals. On the
other hand, according to findings of ELISA test,
267 (68.29%) were seropositive and IgM were pos-
itive in 65 (16.62%) individuals too.

In a study by Mohammad et al. about seropreva-
lence of Toxoplasma gondii between couples in Ra-
madi city (Iraq) using ELISA, the seroprevalence
in wives was only 30.7%, while that in husbands
was 13.1% only; this frequency is far less than
what was reported in our study, this difference

might be due to the difference in populations, be-
cause in present study women were just pregnant
women [32].

In another study by Kalantari et al.,, a serolog-
ical study of toxoplasmosis in pregnant women
in Babol (Iran), it was shown that about 60% of
pregnant women were seropositive; this fre-
quency was less than what we found in present
study [33]. In the present study, IgG Avidity test
was promising in clarifying the final diagnosis
in 42 IgG weak positive suspected cases and 45
IgM weak positive cases. Thus, we have repeat-
ed the tests with 1/50 and 1/200 of serum dilu-
tions (starting dilution was 1/100) and we found
completely different results. Forty-two cases of
IgG weak positive in repeated tests with1/50 and
1/200 were shown positive and negative (real
weak positive) respectively, but in IgM suspected
cases which have very high titer antibody or pro-
zone phenomena, the results of 1/50 and 1/200
titrations were negative and positive respectively.
In 42 IgG weak positives cases, IgG avidity index
were >30%, confirming chronic or past infection
but in 45 IgM weak positive, IgG avidity index
were <20% which confirmed a recent infection.
Five IgM weak positive cases with ELISA which
were in gray zone with suspected results, (IgM
positive in IIF) were re-confirmed with IgG avid-
ity test as a recent infection (<20%). The two cases
of IgM positive (ELISA) persistently positive for
more than one year, IIF revealed them as IgM neg-
ative cases and IgG avidity index >30% so they
were confirmed as a chronic or past infection or
false positive IgM cases by ELISA test. In our
study sensitivities and specificities of three tests
(Table 4) were compared with each other, sug-
gesting that, ELISA and IgG avidity would be the
reliable tests for evaluation and checking of preg-
nant women especially when a single serum sam-
ple is available such as our condition [16, 26]. By
contrast, low avidity results may persist for more
than 1 year: for these reasons a panel of serologic
tests must be performed (by ELISA, ISAGA, IgG
avidity, IIF, Day test) for IgM, IgA, IgE.

In a study by Jian-fang et al. trying to differenti-
ate pregnant women with Toxoplasma serologic
profiles indicative of recently acquired infections
from those with TSPs indicative of infections ac-
quired in the distant past, it was concluded that
ELISA test for serodiagnosis of toxoplasmosis,
the total concordance (including positive and
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negative sera) was 93.2% and 95.7% for the de-
tection of IgG and IgM antibodies, respectively
[34]. In another study, Bel-Ochi et al. conducted
a study about the use ELISA to detect Toxoplasma
gondii-specific IgG antibodies in human sera and
saliva, and it was concluded that serum-based
ELISA detected specific IgG with 100% sensitiv-
ity and specificity; this sensitivity and specificity
is almost the same we presented in current study
[35]. In conclusion, IIF needs an experienced
technician for working with fluorescent micros-
copy and interpretation of suspected results. On
the other hand, because of higher sensitivity and
specificity of ELISA, easier technique and lower
expense, it is the preferred test to screen toxoplas-
mosis infection. However, in some literature IIF
is mentioned as a standard technique. Finally, we
propose to perform similar studies in this field
in a large sample and in other medical centers
and with consideration of relevant factors. Ed-
ucational plans regarding risk of toxoplasmosis
at fertility ages are recommended to be imple-
mented in the national maternity health care pro-
grams. Results of the present study may be used
in modifying guidelines to improve screening
and therapeutic processes.
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