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SUMMARY
Background: Ig (Immunglobulin) M detection and low avidity index are markers of recent infection in differentiating acute and chronic stages of Toxoplasma gondii (T. gondii) infections. In this study, we aimed to evaluate
whether the anti-T. gondii IgM antibody index threshold value could be a predictive factor in the estimation of low
avidity and its use in improving the diagnosis of early toxoplasma infection.
Methods: Anti-T. gondii IgM, IgG antibody and IgG avidity results were analyzed. Anti-T. gondii IgG and IgM antibodies in blood samples were studied with chemiluminescent microparticle immunoassay (CMIA), and IgG avidity test was performed with Enzyme Linked Fluorescent Assay (ELFA) technique.
Results: The overall seroprevalence of anti-T. gondii antibodies (IgG and/or IgM) was 19.4%. Of the 64 patients
whose avidity tests were studied, 47 (73.4%) were female. Twenty seven (57.4%) of the women were pregnant. In
the IgG avidity test, 7.8% low avidity was detected. Low avidity was detected in only 4 (15.4%) of 26 IgM positive
cases. IgM analysis of a case (6-month-old baby) with low avidity was found to be negative. In the prediction of
low avidity, the assay’s IgM positivity cutoff value was ≥ 0.6, its sensitivity, specificity, positive predictive value,
and negative predictive value were 80%, 62.7%, 2.3%, and 99.7%, respectively. With Architect, 37.3% of samples
were false positive. Determining the IgM index cutoff value was unsuccessful in distinguishing low avidity. The
area under the ROC curve was 0.574 (p = 0.60).
Conclusions: In our study, the positive predictive value of the IgM test kit in estimating low avidity was low and
the false positivity rate was 37.3%. It is thought that the index cutoff value of the anti-T. gondii IgM antibody test
kit cannot be considered as a good predictor of recent infection. Studies with larger patient groups are needed.
(Clin. Lab. 2022;68:xx-xx. DOI: 10.7754/Clin.Lab.2021.211112)
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INTRODUCTION
Toxoplasma gondii (T. gondii) is a worldwide parasite
with a wide range of intermediate hosts, including almost all warm-blooded vertebrates and humans, with
the only definitive hosts being members of the Felidae
family (i.e., domestic cats and other felines) [1,2]. It has
been reported that the prevalence is between 0.5% to
87.7% worldwide. African countries have the highest
average seroprevalence rate with 61.4%, followed by
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Oceania with 38.5%, South America with 31.2%, Europe with 29.6%, USA/Canada with 17.5%, and Asia
with 16.4%. Environmental and human factors affect
the differences observed in T. gondii seroprevalence [3].
The primary infections are usually asymptomatic. However, latent infection will persist throughout life of the
host [4,5]. When it develops shortly before pregnancy
or in the first trimester of pregnancy, the agent passes
through the placental barrier and causes congenital infections and miscarriage [1,6]. As the gestational weeks
increase, the vertical transmission rate increases, while
the rate of the fetus being affected by congenital toxoplasmosis decreases [1,7].
Diagnosis is usually based on serological methods [8].
Presence of IgM indicates acute T. gondii infection and
anti-T. gondii IgG alone in the absence of IgM is usually indicative of past infection [1]. Although detection of
both T. gondii-specific IgM and IgG in a single serum
sample is suggestive of an acute infection, it is difficult
to distinguish between past infections as T. gondii-specific IgM antibodies can persist for months or years [9].
The increased T. gondii IgG titers can also be used in
the diagnosis of new infections, but monitoring requires
a long period of time, which can be harmful to the embryo [10]. For these reasons, the T. gondii IgG avidity
test has been developed [9,11]. By measuring the
strength of adherence to T. gondii antigen, this test
helps to distinguish between primary toxoplasmosis and
previous infection [12]. While low avidity may indicate
an imminent infection, high avidity excludes a primary
infection [13].
The first aim of this study was to evaluate whether the
T. gondii IgM index threshold value could be a predictive factor in the estimation of low avidity, the second
was to obtain information about the performance characteristics of the IgM test kit (especially positive and
negative predictive values) by investigating the T.
gondii antibody seroprevalence, and finally, to determine the low IgM index value.

Anti T. gondii IgM and IgG antibody levels in serum
samples were studied and interpreted by chemiluminescent microparticle immunoassay (CMIA) on the ARCHITECT i2000sr (Abbott Laboratories, Abbott Park,
IL, USA) according to the manufacturer’s instructions.
Anti T. gondii IgM and IgG antibody values of > 0.60
were accepted as positive, < 0.50 as negative, and 0.50 0.60 as cutoff. The study was approved by SBU Gulhane Training and Research Hospital Non-Interventional Clinical Research Ethics Committee (Reference number: 2021/16/357).
T. gondii IgG avidity test
In order to differentiate between primary and non-primary toxoplasmosis, T. gondii IgG avidity test was performed by enzyme-linked immunofluorescent assay
(ELFA-VIDAS, BioMerieux, France) method in accordance with the manufacturer’s recommendations. The
principle of the test is a two step enzyme immunoassay
sandwich method and a fluorescence readout. It uses a
disintegrating agent such as urea. IgG avidity test results of 64 patients who were requested to have anti-T.
gondii IgG and IgM tests at the same time and whose
IgG antibodies were positive and IgM antibodies were
negative, borderline, and positive, were evaluated. Data
were given with percentages. In the IgG avidity study,
> 30% was accepted as high avidity, 20 - 30% as intermediate avidity, and < 20% as low avidity according to
the test procedure. Those with an avidity index below
20% were considered to have recently had toxoplasmosis (less than 4 months).
Statistical analysis
Data were analyzed using the SPSS 25 (IBM SPSS Statistics for Windows; IBM Corp., Armonk, NY, USA)
package program. Data were expressed as numbers
(percentage) and median (interquartile range). Intergroup differences (age groups and genders) were compared using the non-parametric Mann-Whitney U or
Kruskal-Wallis test for continuous variables, and Pearson’s chi-squared or Fisher’s exact tests for categorical
variables. For the cutoff value (≥ 0.6) at which the patient’s anti-T. gondii IgM antibody test result is considered positive, the diagnostic performance of T. gondii
IgM antibody index levels in predicting low avidity was
evaluated. IgM index cutoff values were evaluated using the receiver operating characteristic (ROC), and results were expressed with a 95% confidence interval
(95% CI). Sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) were
calculated for the best cutoff value. p-values < 0.05
were considered statistically significant.

MATERIALS AND METHODS
In this cross-sectional retrospective study, the sera sent
to Gulhane Training and Research Hospital Microbiology Laboratory between January 1, 2017 and June 30,
2021 for anti-T. gondii IgG and anti-T. gondii IgM antibody tests and T. gondii IgG avidity were included.
Demographic information (order date, diagnosis, age,
and gender) of the patients were obtained from the hospital data system. The first test results of the patients
with duplicate study were included in the study. Patients
with insufficient samples and inadequate test results
were excluded from the study. Anti T. gondii IgG and
IgM antibodies in 5,502 serum samples and T. gondii
IgG avidity results of 64 patients were evaluated retrospectively. Anti T. gondii IgM and IgG frequencies were
grouped according to gender, age ranges, ethnicity, and
years.

RESULTS
Median age of study population (n: 5,502) was 29
(range: 0 - 97) years. General seroprevalence of anti-T.
gondii antibodies (IgG and/or IgM) was 19.4% (1,069/
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Table 1. Seroprevalence of T. gondii IgM and IgG antibodies patients according to their characteristics.

Variables

Gender

Age groups
(years)

Ethnicity

Study group

Region

Years

Anti-T. gondii IgG
Number
%
p-value
positive
410
24.6

Anti-T. gondii IgM
Number
%
p-value
positive
19
1.1

Categories

Number
analysed

Male

1,667

Female

3,835

653

17

43

1.1

Total

5,502

1,063

1.1

62

1.1

< 0.001

0 - 18

749

178

23.8

10

1.3

19 - 30

2,212

390

17.6

32

1.4

31 - 40

1,378

276

20.0

12

0.9

41 - 50

493

93

18.9

3

0.6

≥ 50

670

126

18.8

5

0.7

Turkish

5,333

1,034

19.4

59

1.1

Others

169

29

17.2

3

1.8

0.007

0.47

Malignancy

319

78

24.5

5

1.6

Lymphadenitis

281

46

16.4

6

2.1

Bone marrow donor

175

41

23.4

3

1.7

Hematological diseases

586

129

22.0

4

0.7

Female infertility

37

3

8.1

1

2.7

Immunosuppressive state *

60

14

23.3

0

0

Eye diseases

90

27

30.0

1

1.1

< 0.001

Pregnancy status

1,409

213

15.1

16

1.1

Threatened abortion

20

4

20.0

0

0

Others

2,525

508

20.1

26

1.0

Central Anatolia

4,671

868

18.6

50

1.1

Black Sea

243

65

26.7

5

2.1

Marmara

154

24

15.6

1

0.6

Aegean

94

24

25.5

2

2.1

Mediterranean

90

27

30.0

< 0.001

0

0

Eastern Anatolia

183

33

18.0

1

0.5

Southeastern Anatolia

67

22

32.8

3

4.5

2017

834

156

18.7

6

0.7

2018

1,184

216

18.2

10

0.8

2019

1,590

312

19.6

19

1.2

2020

1,172

203

17.3

14

1.2

2021

722

176

24.4

13

1.8

0.003

0.95

0.27

0.42

0.50

0.10

0.27

* - Immunosuppressive state: HIV infection, kidney transplant, multiple sclerosis, systemic lupus, Hematological diseases - anemia,
thrombocytopenia, splenomegaly, etc., Other - General medical examination.

5,502) [95% CI = 18.4 - 20.5]. Prevalences of anti-T.
gondii IgG and IgM antibodies were 19.3% (1,063/
5,502) and 1.1% (62/5,502), respectively. Six out of 62
IgM positive samples were (9.7%) IgG negative.
In this study, 69.7% of 5,502 patients were female.
Anti-T. gondii IgG antibodies were positive in 24.6% of
males and 17% of females (p < 0.001). IgM positivity
(1.1%) was found to be similar in both male and female
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patients (p = 0.95).
When the anti-Toxo IgG antibody positivity was evaluated according to the diagnostic status of the patients,
this rate was the highest with 30% in the serum samples
sent from the eye outpatient clinics. Malignancy was the
second in line with 25.4% and bone marrow donor status was the third with 23.4% (p < 0.001), while in pregnant women T. gondii IgG and IgM antibody positivity
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Table 2. Correlation between anti-T. gondii antibody IgM index levels and percentage IgG-class antibody avidity to T. gondii
(< 20% and > 30%).
Avidity < 20

Avidity 20 - 30

Avidity > 30

n (%)

n (%)

n (%)

Negative < 0.5

1 (2.7)

3 (8.1)

33 (89.2)

Gray zone 0.5 - 0.6

0

0

1 (100)

> 0.6 - 1.0

2 (18.2)

4 (36.4)

5 (45.5)

> 1.0 - 2.0

1 (12.5)

0

7 (87.5)

> 2.0 - 3.0

1 (50)

0

1 (50)

> 3.0

0

2 (40)

3 (60)

Total

5 (7.8)

9 (14.1)

50 (78.1)

IgM range

p-value

Positive
0.01

Table 3. Performance of the Architect T. gondii IgM assay according to index ratios (n = 64).
Index value

Statistics

≥ 0.6

False Positives Rate

22/59 (37.3%)

True Positive Rate

4/5 (80%)

Sensitivity

80% (28.4% - 99.5%)

Specificity

62.7% (49.2% - 75.0%)

Positive Likelihood Ratio *

2.2 (1.2 - 3.7)

Negative Likelihood Ratio *

0.3 (0.1 - 1.9)

Positive Predictive Value

2.3% (1.4% - 4%)

Negative Predictive Value

99.7% (98% - 99.9%)

Accuracy *

62.9% (49.9% - 74.7%)

* - These values are dependent on disease prevalence (T. gondii IgM prevalence 1.1%). The index value recommended by the kit manufacturer
for positive IgM is ≥ 0.6.

were 15.1% and 1.1%, respectively. IgG positivity was
detected in 20% of the cases with the risk of threatened
abortion, while IgM positivity was not detected. In the
study group, the distribution of anti-T gondii antibodies
is presented in Table 1.
In our study, anti-T. gondii IgG positivity was found to
be significantly higher (23.8%) in the 0 - 18 year age
group compared to other age groups (p = 0.007), and
the highest IgG positivity was found in 2021 with
24.4% (p = 0.003).
Foreign patients were 3.1% (169/5,502) of all patients.
Turkish and foreigner’s anti-T. gondii IgG seroprevalences were 19.4% (1,034/5,333) and 17.2% (29/169),
respectively (p = 0.47).
The study population consisted of patients from 7 different regions of Turkey. Anti-T. gondii IgG seroprevalence rates were the highest in patients residing in the
Southeastern Anatolia Region (32.8%), the Mediterra-

nean region (30%), and the Black Sea region (26.7%) (p
< 0.001).
T. gondii IgG avidity test
Of the 64 patients whose avidity test was studied, 47
(73.4%) were female. Twenty seven (57.4%) of the
women were pregnant. Anti-T. gondii IgG antibody was
positive in 64 serum samples for whom the avidity test
was requested. IgM tests were positive in 26 (40.6%),
borderline (suspected) in 1 (1.6%) and negative in 37
(57.8%) patients. The results of 64 cases of toxoplasma
IgG avidity test were as follows: 50 (78.1%) high, 5
(7.8%) low, and 9 (14.1%) moderate avidity. Low avidity was detected in only 4 (15.4%) of 26 IgM positive
cases. Interestingly, in a case with low avidity (6
months old baby), anti-T. gondii IgM antibody analysis
was negative.
Anti-T. gondii IgM antibody index values (median) at
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low, medium, and high avidity were 0.79 (range: 0.07 2.9), 0.67 (range: 0.08 - 11.20), 0.22 (range: 0.06 8.40), respectively (p = 0.34). The distribution of avidity rates in the ranges of IgM index < 0.5, 0.5 - 0.6, 0.6 1.0, 1.0 - 2.0, 2.0 - 3.0, and > 3.0 is presented in Table
2.

anti-T. gondii IgG antibodies varies between 17.5 69.5% and the prevalence of anti-T. gondii IgM antibodies varies between 0 - 5.4% [16]. Variation in the seroprevalence of T. gondii infection is also observed
worldwide [3]. The rate of IgG seropositivity was significantly higher in males. This may be related to the
eating habits of men.
In this study, anti-T. gondii IgG antibody seropositivity
was higher in the pediatric age group. T. gondii seroprevalence increases with age, but the age-related infection rate varies by country and socioeconomic status.
However, it has been reported that seroprevalence increases in childhood in populations living under inadequate hygiene conditions, especially consuming oocystcontaminated water, which is an important source of human infection [17,18].
Infection during pregnancy is important because of the
risk of transmission to the fetus. Most of the acute infections acquired during pregnancy cannot be diagnosed
clinically because there are no significant symptoms or
signs [19]. In these cases, T. gondii IgG avidity, which
has the ability to distinguish between new and previous
infections, is beneficial [20-23]. Of the 64 patients
whose avidity tests were studied, 26 were IgM positive
and only 5 (7.8%) had low-avidity IgG antibodies suggestive of a recent T. gondii infection. Thus, this indicates the continued presence of T. gondii IgM antibodies in the chronic phase of infection. This is consistent
with previous reports of persistent IgM positivity in
chronic toxoplasmosis [24,25]. Interestingly, one of the
5 cases with low avidity index was a 6-month-old baby
and IgM antibody was negative. Although negative
toxoplasma IgM and IgA test results and positive neonatal toxoplasmosis IgG test results are rarely observed
in newborns, if other etiologies are excluded for clinical
signs (eye disease, intracranial calcifications, hydrocephalus, etc.), newborn infants are considered infected
and treatment is recommended until proven otherwise.
In neonatal toxoplasmosis, IgM and/or IgA antibodies
may not be detected in 20% to 50% of congenital toxoplasmosis cases [26]. This situation may be related to
antepartum therapy or may occur in the case of fetal infection in the early stages of gestation that does not receive any antepartum therapy. Positive T. gondii IgM
and/or IgA antibody responses may be lost during delivery [27,28]. It can also be seen in some patients who exhibit a rapid decrease in IgM titer [29].
In this study, the IgM index positivity cutoff value of
the test kit specified by the manufacturer was 0.6,
37.3% of the samples were false positive at the diagnosis of acute infection with Architect. False positive IgM
antibody test results have been reported previously [30].
The false positive rate of the T. gondii IgM test can be
as high as 60% [31]. The false-positive rate of any diagnostic test is a function of the specificity of the test and
the prevalence of the disease in the population [32].
False-positive T. gondii may be caused by autoimmune
antibodies, including IgM, rheumatoid factor, and antinuclear antibodies, acute viral infection, and non-specif-

Serum anti-T gondii index cutoff value recommended by the manufacturer and low avidity diagnostic
performance of anti-T gondii IgM
When the index value recommended by the manufacturer was higher than 0.6, T. gondii IgM antibody was considered positive. In this study, the same index value was
first used to analyze our data. In 64 cases for whom T.
gondii IgG avidity test was requested, IgM positivity
cutoff value of the test kit was 0.6, sensitivity was 80%
(95% CI: 28.4 - 99.5), specificity was 62.7% (95% CI:
49.2 - 75.0), PPV was 2.3% (95% CI: 1.4 - 4), and NPV
was 99.7% (95% CI: 98 - 99.9) in the prediction of low
avidity (recent infection). Of the samples, 37.3% were
identified as false positive in the diagnosis of acute infection with Architect (Table 3).
ROC (Receiver Operating Characteristic) curve
analysis of serum positive anti-T. gondii IgM index
cutoff value for the diagnosis of low avidity
Significant index value and performance were evaluated
by ROC analysis in T. gondii IgM antibody positive
cases to predict low avidity. ROC analysis for anti-T.
gondii IgM antibody revealed sensitivity of 100% (95%
CI: 39.8 - 100), specificity of 9.1% (95% CI: 1.1 29.2), PPV of 20.8% (95% CI: 18.7 - 23.1), and NPV of
100%, when index value was set to be 0.66. The area
under the ROC curve was 0.574 (95% CI: 0.292 - 0.856,
p = 0.60) and was not significant.

DISCUSSION
The prevalence of T. gondii infection varies according
to geographical location. The reason for this variation is
different risk factors and the different sources of transmission [15,16]. In this study, the overall seroprevalence of T. gondii infection (IgG and/or IgM) was
19.4%, and the prevalence of IgG and IgM antibodies
was 19.3% and 1.1%, respectively. However, IgG positivity showed regional differences. The highest seropositivity was found in patients residing in the Southeastern
Anatolia region with 32.8%. This was followed by patients from the Mediterranean (30%) and Black Sea region (26.7%). It has been evaluated that this variability
in T. gondii seropositivity may be related to the changes
in climate and dietary habits (raw meatball eating culture), as well as the difference in the size of the groups
included in the study.
Numerous studies have been conducted in our country
investigating the seropositivity of T. gondii. Considering the data in recent years, reports published on T.
gondii infection in Turkey stated that the prevalence of
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ic in vitro binding [33]. However, IgM antibodies specific to T. gondii can persist for months or years and
false positive tests make it difficult to distinguish from
past infections [9].
In our study, the prevalence of IgM was 1.1%, and the
specificity of the test for detecting recent infection was
found to be low (62.7%). The high sensitivity and high
NPV of the IgM test make it a good test to exclude
toxoplasmosis when the result is negative [33]. In our
study, this test kit gave 80% sensitivity and 92.9% NPV
in the diagnosis of acute infection (low avidity). Regarding low IgG avidity, the PPV of IgM was 2.3%.
These results show that a negative test may be a good
index to exclude recent infection, but low PPV shows
that IgM index value equal to 0.6 is not a good index for
the diagnosis of recent infection, that is, acute infection.
In a similar study, De Paschale et al. reported that IgM
PPV was 45.98% for a recent infection related to IgG
avidity [33].
Especially if the case is pregnant and early pregnancy is
in question, it may cause misdiagnosis and unnecessary
termination of pregnancy [34]. It has been reported that
the best index limit for T. gondii IgM tests can be defined in the diagnosis of acute infection, together with
avidity tests for evidence of recent toxoplasma infection
in clinical routine [6]. Thus, false positive results could
be reduced. Leite et al. investigated the threshold value
for T. gondii IgM test in the diagnosis of acute infection. In their study, they analyzed anti-toxoplasma antibodies by microparticle enzymatic immunoassay (MEIA) method using Axsym® automatic analyzer. While
no cases with a low avidity index were detected with an
IgM value below 2, they found a low avidity index of
88.2% in cases with an IgM value above 6. However,
they stated that avidity test results and kits from
different manufacturers may be different when used,
and each laboratory should establish its own values according to the most suitable reagents and kits for their
own routines [6]. ROC analysis, together with evaluating the clinical accuracy of laboratory tests, can also be
useful for classifying the infection status of the IgM immunoassay with the data obtained with the ROC curve
[35]. In this study, ROC curve analysis was performed
to select the most appropriate cutoff to determine the
potential discrimination of acute toxoplasma infection
(low avidity) for positive Architect IgM values. The
area under the ROC curve was 0.574, p = 0.60. This result indicates that the cutoff IgM shows that determining the value may not be useful in the discrimination of
low avidity (acute infection).
The study was originally designed to establish the place
and importance of avidity tests in the serological diagnosis of toxoplasmosis. However, the most sensitive
method in the diagnosis of toxoplasmosis is the molecular method. In some studies, its specificity is close to
100% and sensitivity around 75 - 90%. Especially in
this regard, since real-time PCR determines both the detection of the parasite and parasite load, it allows the
evaluation of treatment response and prognosis [36,37].

Our study has some limitations. Because of its retrospective design, our study did not provide enough information about the clinial status of patients. Moreover, the
number of patients who were tested for avidity is limited.
In conclusion, the general prevalence of T. gondii in our
study was 19.3%. The PPV of the IgM test kit in the diagnosis of acute infection was low, and the false-positive rate was 37.3% in the diagnosis of acute infection.
The index cutoff value of the IgM test kit suggests that
it does not have a good performance in predicting recent
infection. Studies with larger patient groups are needed.
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