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ABSTRACT

The main social impact of toxoplasmosis stems from its ability to be vertically transmitted. 

Postnatally acquired infection is generally asymptomatic in approximately 70–90% of cases, 

making diagnosis often dependent on laboratory tests using serological methods to search for 

anti-T. gondii antibodies. This study aimed to investigate the ability of the VIDAS TOXO IgG 

avidity and VIDAS TOXO IgM assays to confirm recent toxoplasmosis. In total, 341 pregnant 

women with suspected acute toxoplasmosis were systematically monitored in the Program 

for Control of Congenital Toxoplasmosis in Minas Gerais State, Brazil. We conducted an 

observational analytical-descriptive cross-sectional study and grouped according to clinical 

and laboratory criteria as having acute or chronic toxoplasmosis. The VIDAS TOXO IgG 

avidity and VIDAS TOXO IgM assays were evaluated to investigate the capacity to identify 

acute infection. IgG avidity showed good performance in identifying acute toxoplasmosis 

when the IgG avidity index was lower than or equal to 0.1. Values greater than or equal to 

3.16 according to the TOXO IgM kit were associated with a greater chance of acute infection. 

These results may contribute to a more adequate diagnosis of acute gestational toxoplasmosis 

and, consequently, the avoidance of inadequate or unnecessary treatments.
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INTRODUCTION

Toxoplasma gondii is widely distributed worldwide. Approximately 25 to 30% of 
the world’s population is infected with the parasite1. T. gondii infection is common 
in pregnant women in South America, with prevalence rates from 50 to 80%2. In 
pregnant women in Brazil, the seroprevalence has been determined to range from 
36% to 92%3. The main social impact of toxoplasmosis is associated with vertical 
transmission4. Congenital toxoplasmosis can lead to a wide variety of manifestations 
in fetuses and infants, including miscarriage, stillbirth, and encephalomyelitis5. In 
Brazil, specifically in Minas Gerais State, congenital toxoplasmosis seems to be a 
neglected disease, given its high prevalence and its concentration in municipalities 
with the worst socioeconomic indices6. Postnatally acquired infection is generally 
asymptomatic in approximately 70–90% of cases, making the diagnosis often 
dependent on laboratory tests using serological methods to search for anti‑T. gondii 
antibodies7. However, such tests have limitations in establishing an adequate 
diagnosis of acute toxoplasmosis8. IgG avidity, a method based on the progressive 
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increase in the affinity of the antibody to its specific 
antigen during the natural evolution of the immune 
response after infection, was determined by an auxiliary 
procedure to confirm or exclude a recent T. gondii infection. 
Hedman et al.9 were the first to propose the IgG-avidity 
test to help diagnose acute toxoplasmosis, followed by 
Camargo et al.10, who applied this test to a larger sample. 
To improve the diagnostic capacity of the Liaison XL IgG 
avidity assay (DiaSorin, Saluggia, Italy), new cut-off points 
for anti-T. gondii IgG avidity were evaluated for it to be used 
as a marker of acute toxoplasmosis in pregnant women11. 
Very low avidity indices (<0.1) are highly suggestive 
of acute toxoplasmosis and can be used for treatment 
recommendations in pregnant women.

The Program for Control of Congenital Toxoplasmosis 
(PCTC-MG), initiated in the Minas Gerais State, Brazil, 
in 2013, included prenatal screening for toxoplasmosis 
and neonatal screening of children of susceptible 
mothers. From 2013 to 2017, 1,147 pregnant women 
who participated in the program were tested by the 
VIDAS TOXO IgG-avidity and VIDAS TOXO IgM 
assays (bioMérieux SA, Lyon, France). Based on the 
manufacturer’s instructions, 341 pregnant women were 
suspected of having acute toxoplasmosis and were 
systematically monitored by the PCTC-MG. This study 
aims to investigate the ability of the VIDAS TOXO IgG 
avidity and VIDAS TOXO IgM assays for recent infection 
confirmation when IgG avidity index values are very low 
or when IgM index values are very high.

MATERIALS AND METHODS

This was an observational, analytical, cross-sectional 
study initially involving 1,147 pregnant women with 
suspected acute toxoplasmosis presenting positive 
(i ≥ 0.65) or inconclusive (0.55≤ i <0.65) anti-T. gondii 
IgM by the VIDAS TOXO IgM assay. Of the total, 341 
of this pregnant women were systematically monitored 
during pregnancy at the PCTC-MG from 2013 to 2017 
and were included in this study. Due to the absence of 
complete monitoring, 806 pregnant women were excluded 
from the study. This study evaluated the accuracy of 
serological tests used for prenatal screening (VIDAS 
TOXO IgG avidity and VIDAS TOXO IgM) to indicate 
acute T. gondii infection. A strategy similar to that of 
Boquel et al.11 was used to accomplish the objective, 
evaluating different cut‑off points for the IgG avidity 
index. We also investigated different cut-off points for 
IgM. In both cases, (IgG avidity and IgM), the accuracy 
of the test in evaluating the acute phase of toxoplasmosis 
was determined. The study protocol was reviewed and 

approved by the local Ethics Committee and registered on 
the Plataforma Brasil for ethics in research with human 
beings (CAAE 17907419.0.0000.5149).

Determination of IgG and IgM levels

To determine the levels of anti-T. gondii IgG and IgM, 
the assays by VIDAS TOXO (bioMérieux SA, Lyon, France) 
were used in an automated system in which immunoglobulin 
measurement is combined with immunoenzymatic method 
by immunocapture with final fluorescence detection 
(ELFA). Based on the manufacturer’s instructions, the IgG 
results were expressed as units per milliliter (IU/mL) and 
interpreted as negative when the IU was < 4; intermediate/
equivocal when 4 ≤ IU < 8; and positive when the IU was ≥8. 
The IgM results are expressed as IgM index. According to 
manufacturer of the VIDAS TOXO IgM kit, IgM index of 
a sample is a calculated test value, which consists of the 
relation between the Relative Fluorescence Value (RFV) 
of this sample and the memorized calibrator value, based 
on human control samples. IgM index (i) were interpreted 
as negative: i < 0.55, positive: i ≥ 0.65, and inconclusive: 
i between 0.55 and 0.65.

Anti-T. gondii IgG avidity measurements

The VIDAS TOXO IgG avidity assay was used 
according to the manufacturer’s instructions. VIDAS TOXO 
IgG Avidity is a technique which enables low avidity 
antibodies to be differentiated from high avidity antibodies. 
The addition of urea—which disrupts the antigen-antibody 
(Ag-Ab) link—was found to have little effect on the high 
avidity Ag-Ab link, but great effect on that of low avidity 
antibody. Comparison of results obtained with and without 
a dissociating agent corresponds to one measure of avidity. 
The ratio between the quantity of high avidity antibodies and 
the quantity of total antibodies provides the index indicating 
antibody avidity in the tested sample (avidity index). To 
evaluate different cut-off points, the IgG avidity index (ai) 
was stratified as follows: ai ≤ 0.1 – very low avidity; 
0.1 ≥ ai ≤ 0.2 – low avidity; 0.2 ≥ ai ≤ 0.3 – intermediate 
avidity; and ai > 0.3 – high avidity. Additionally, based on 
the manufacturer’s instructions, ai ≥ 0.3 exclude T. gondii 
infection acquired in the last four months.

Definition of the serological profile of pregnant women

The gold standard for the diagnosis of acute or 
chronic toxoplasmosis in pregnant women was based 
on laboratory criteria according to Boquel et al.11. At 
least one of the following criteria was considered to 
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diagnose acute toxoplasmosis: a) pregnant woman with 
seroconversion of anti-T. gondii antibody in two successive 
blood collections or b) pregnant woman with a significant 
increase in specific IgG based on an ascending curve, i.e., 
an increase in IgG levels of at least two times. In addition 
to these indicators, confirmation of vertical transmission 
of T. gondii to the newborn was also used as an indicator 
of acute toxoplasmosis. To confirm the occurrence of 
congenital toxoplasmosis in the newborn, positive results 
in the IgA or IgM tests were considered specific for  
T. gondii in the serum of the newborn or for the presence 
of IgG associated with symptoms suggestive of congenital 
toxoplasmosis in the newborn in addition to persistent 
positivity for IgG antibodies at the end of 12 months of 
the infant’s life.

To determine whether the pregnant woman had chronic 
toxoplasmosis, the stability of IgG antibodies was analyzed 
in two successive blood collections, based on the kinetics of 
antibody production, in which stable rates of IgG observed 
at three-week intervals are necessary to determine the 
stability of the production of this antibody11.

Statistical analysis

The OpenEpi Program (version 3.01) was used for 
the following statistical analyses: positive likelihood 
ratio (LR+), positive predictive value (PPV), sensitivity, 
specificity, and kappa index. The remaining statistical 
analyses were performed using GraphPad Prism 5.00 
Program (Prism Software, Irvine, CA, USA). The observed 
differences were considered statistically significant when 
p value < 0.05.

RESULTS

All 341 pregnant women with suspected acute 
toxoplasmosis were included in the analysis of the IgM 

accuracy test for identifying acute maternal infection, and 
339 were included in the evaluation of the IgG avidity 
test. Acute toxoplasmosis profile was observed in 120/146 
(82.2%) pregnant women with an ai ≤ 0.1; in 52/79 (65.8%) 
pregnant women with an ai between 0.1 and 0.2; in 10/39 
(25.6%) pregnant women with an ai between 0.2 and 0.3; 
and in 17/75 (22.7%) pregnant women with an ai ≥ 0.3 (p 
< 0.0001; χ2 = 92.64, 3gl) (Table 1).

The highest sensitivity (60.3%) and specificity (81.4%) 
values for identifying acute T. gondii infection were 
obtained at the cut-off point ai ≤ 0.1 (Table 2). Additionally, 
at this cut-off point, the highest values of LR+ (3.24), PPV 
(82.2%), and moderate concordance (0.4) were observed.

Of the 163 pregnant women with an IgM index (i) ≥ 3.16 
(upper quartile), 128 (78.5%) had an acute toxoplasmosis 
profile (p < 0.0001 χ2 = 49.49, 1gl) (Table 3). On the 

Table 1 - Estimation of acute or chronic toxoplasmosis according 
to the IgG avidity index ranges: very low (≤ 0.1), low (0.1 – 0.2), 
intermediate (0.2 – 0.3) and high (≥ 0.3) by the VIDAS TOXO 
IgG-avidity assay from 2014 to 2017.

IgG avidity (ai)
Acute 

toxoplamosis* 
(%)

Chronic 
toxoplasmosis** 

(%)
Total

≤ 0.1 120 (82.2%) 26 (17.8%) 146

0.1–0.2 52 (65.8%) 27 (34.2%) 79

0.2–0.3 10 (25.6%) 29 (74.4%) 39

≥ 0.3 17 (22.7%)*** 58 (77.3%) 75

Total 199 140 339

*Defining criteria for acute toxoplasmosis: a) Seroconversion of 
anti-T. gondii IgG antibody in two successive blood collections, 
and/or b) significant increase in specific anti-T. gondii IgG based 
on an ascending curve; and/or c) confirmation of the occurrence 
of congenital toxoplasmosis in the newborn (see Materials 
and Methods); **Anti-T. gondii IgG stability in two successive 
blood collections; ***Eight pregnant women presented IgM 
seroconversion with high IgG avidity in the second blood 
collection within a 2-month interval.

Table 2 - Accuracy analysis of IgG avidity index cut‑off points for identifying acute T. gondii infection in pregnant women who 
underwent serology at PCTC-MG using the VIDAS TOXO IgG-avidity assay from 2014 to 2017.

IgG avidity index (ai) Sensitivity% 
 (95% CI)

Specificity%  
(95% CI)

LR+ 
(95% CI)

PPV % 
(95% CI)

Kappa 
(95% CI)

≤ 0.1
60.3 

(53.4 – 66.8)
81.4 

(74.2 – 87.0)
3.2 

(3.0 – 3.5)
82.2 

(75.2 – 87.5)
0.4 

(0.3 – 0.5)

[0.1– 0.2]
26.1 

(20.5 – 32.6)
80.7 

(73.3 – 86.4)
1.4 

(1.1 – 1.6)
65.8 

(54.8 – 75.3)
0.06 

(−0.02 – 0.1)

[0.2 – 0.3]
5.0 

(2.7 – 9.0)
79.3 

(71.8 – 85.2)
0.2 

(0 – 10.5)
25.6 

(14.6 – 41.1)
− 0.1 

(−0.2 – −0.01)

≥ 0.3
8.5 

(5.4 – 13.3)
58.6 

(50.3 – 66.4)
0.2 

(0.1 – 0.7)
22.7  

(14.7 – 33.4)
− 0.3 

(−0.4 – −0.2)

LR+ = Likelihood ratio; PPV = Positive Predictive Value.
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other hand, only 73 (41%) of the 178 pregnant women 
with an i between 0.65 and 3.15 had acute toxoplasmosis. 
Compared with the other quartiles, the IgM quartile that 
included i  ≥  3.16 presented the highest sensitivity and 
specificity values, of 63.7% and 75.0%, respectively 
(Table 4). Additionally, the highest values of LR+ (2.5), 
PPV (78.5), and poor concordance (0.37) were observed 
at this cut-off point.

Analysis of the 1,145 pregnant women, tested for both 
IgG avidity and IgM, showed an inverse correlation between 
the two variables, IgG avidity index and the IgM index 
(Pearson r = −0.65; 95% CI −0.69 to −0.62; R-squared 0.43; 
p < 0.0001), as shown in Figure 1. The highest IgM indices 
were correlated with the lowest IgG avidity index values. 
However, among the 1,039 pregnant women presenting 
positive anti-T. gondii IgM (i ≥ 0.65), 585 (56.3%) had high 
IgG avidity (ai > 0.3). Among the 106 pregnant women 
presenting inconclusive IgM results (0.55 ≤ i < 0.65), 105 
(99.1%) had high IgG avidity.

DISCUSSION

A rapid and adequate diagnosis of gestational 
toxoplasmosis allows for timely treatment, reducing the 
risk of serious neurological sequelae12 and the risk of 
intracranial lesions if treatment is given within the first four 
weeks following maternal infection13. Despite technological 
advances in laboratory diagnosis and the availability of 
serological methods for testing for anti‑T. gondii antibodies 
in pregnant women, there are still many limitations in 
clinical practice for the prediction of the date of maternal 
infection. The following factors hamper the prediction of 
the date of maternal infection: late enrollment of pregnant 
women to start prenatal care and screening tests, the 
continued presence of residual anti-T. gondii IgM for long 
periods, and the presence of low avidity IgG in some people 
with chronic T. gondii infection14.

Although a low avidity result is still considered 
noninformative for the prediction of the infection date, 
some authors suggest that very low avidity results are 

Table 3 - Estimation of acute or chronic toxoplasmosis according 
to the intervals of the IgM index (i) by the VIDAS TOXO IgM 
assay from 2014 to 2017.

IgM index (i) 
quartiles

Acute 
toxoplasmosis* 

(%)

Chronic 
toxoplamosis** 

(%)
Total

0.65–1.01 13 (30.2%) 30 (69.8%) 43

1.02–1.64 17 (29.8%) 40 (70.2%) 57

1.65–3.15 43 (55.1%) 35 (44.9%) 78

3.16–18.40 128 (78.5%) 35(21.5%) 163

Total 201 140 341

*Defining criteria for acute toxoplasmosis: a) Seroconversion of 
anti-T. gondii IgG antibody in two successive blood collections, 
and/or b) significant increase in specific anti-T. gondii IgG based 
on an ascending curve; and/or c) confirmation of the occurrence 
of congenital toxoplasmosis in the newborn (see Materials and 
Methods); **Anti-T. gondii IgG stability in two successive blood 
collection.

Table 4 - Accuracy analysis of IgM cut‑off points for identifying acute T. gondii infection in pregnant women who underwent serology 
at PCTC-MG using the VIDAS TOXO IgM assay from 2014 to 2017.

IgM index (i) 
quartiles

Sensitivity% 
 (95% CI)

Specificity%  
(95% CI)

LR+ 
(95% CI)

PPV % 
(95% CI)

Kappa 
(95% CI)

[0.65 – 1.01]
6.5 

(3.8 – 10.6)
78.6 

(71.1 – 84.6)
0.3 

(0.3 – 2.8)
30.2 

(18.6 – 45.1)
−0.13 

(−0.2 – −0.07)

[1.02 – 1.64]
8.5 

(5.3 – 13.1)
71.4 

(63.5 – 78.3)
0.3 

(0.1 – 1.1)
29.8 

(19.5 – 42.7)
−0.17 

(−0.2 – −0.1)

[1.65 – 3.15]
21.4 

(16.3 – 27.6)
75.0 

(67.2 – 81.4)
0.9 

(0.7 – 1.1)
55.1 

(44.1 – 65.7)
− 0.03 

(−0.1 – 0.05)

[3.16 – 18.40]
63.7 

(56.8 – 70.0)
75.0 

(67.2 – 81.4)
2.5 

(2.4 – 2.7)
78.5 

(71.6 – 84.1)
0.37 

(0.3 – 0.5)

LR+ = Likelihood ratio; PPV = Positive Predictive Value.

Figure 1 - Correlation of IgG avidity index and IgM index in 
pregnant women with suspected acute toxoplasmosis evaluated 
respectively by the VIDAS TOXO IgG avidity and VIDAS TOXO 
IgM assays, within the PCTC-MG Program, Brazil, 2014 to 2017. 
R = -0.65; 95% CI −0.6868 to −0.6205, p < 0.0001.
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highly suggestive of recent infections15. Thus, some authors 
have already shown interest in defining new cut-off points 
for anti-T. gondii IgG avidity using different assays. Very 
low values obtained by the Elecsys Toxo Avidity (Roche 
Diagnostics) assay could help confirm a recent infection16. 
Another study using the same kit (Elecsys Toxo Avidity) 
showed that IgG avidity values ≥ 90% (≥ 0.9) excluded 
infection in less than nine months. Furthermore, avidity 
values ≤15% (≤0.15) excluded infection in more than three 
months17. The Liaison XLToxo IgG avidity assay (DiaSorin, 
Salluggia, Italy) was more accurate in confirming acute 
infection when the IgG avidity index was very low (≤ 0.1)11. 
Another study using the same test (Liaison XLToxo IgG 
avidity) showed that an IgG avidity index above 0.11 is 
highly suggestive of chronic toxoplasmosis, and able to 
exclude acute toxoplasmosis infection in the first trimester 
of pregnancy with very good accuracy18.

Our study showed that the VIDAS TOXO IgG avidity 
assay achieved good accuracy in identifying acute 
toxoplasmosis when the IgG avidity index was lower than or 
equal to 0.1. We observed that 82.2% of the pregnant women 
with an IgG avidity index ≤ 0.1 had acute infection, while 
65.8% with an IgG avidity index between 0.1 and 0.2 had 
acute toxoplasmosis. We also observed that among pregnant 
women classified as having acute infection, 25.6% had an 
intermediate avidity (ai = 0.2–0.3), and 22.7% had a high 
avidity (ai ≥ 0.3). These discordant results suggest that, in 
some pregnant women, the avidity test was performed late, 
long after maternal infection.

Eight pregnant women who showed seroconversion with 
high IgG avidity at the second blood collection (within a 
2-month interval) were identified. The mistaken identification 
of these eight pregnant women who seroconverted during 
pregnancy and who had high IgG avidity in the second 
blood collection can be explained by the use of a quarterly 
serology screening model in Brazil. Due to the difficulty in 
women adhering to screening programs, the period between 
exams can often be even longer than three months. Similar 
results were observed in two patients who seroconverted, 
already showing high IgG avidity at the time of conclusive 
diagnosis19. In another study, seroconversion was detected 
in a pregnant woman with a high avidity at the second blood 
collection20. According to Lefevre-Pettazzoni et al.21, the 
patterns of the evolution of IgG avidity throughout time were 
quite diverse among distinct pregnant women. However, the 
trend was toward a statistically significant increase. These 
authors observed, on average, a 1.0167-fold increase in IgG 
avidity for each additional gestational week after the putative 
date of infection. After birth of infants congenitally infected 
with T. gondii, IgG avidity values slowly increased over time 
for up to two years22.

When using ai ≤ 0.1 as the avidity cut-off point for 
identifying acute toxoplasmosis, reasonable sensitivity 
values (60.3%) and specificity values (81.4%) were 
observed. At other cut-off points, the sensitivity was even 
lower, despite reasonable specificity. At this cut-off point 
(ai ≤ 0.1), the likelihood ratio was 3.24, showing that, when 
using an IgG avidity index ≤ 0.1, the chance of correctly 
discriminating a pregnant woman with acute toxoplasmosis 
from pregnant women with latent toxoplasmosis is 
3.24  times greater. The highest positive predictive value 
(82.2) was also observed at this cut-off point.

The VIDAS TOXO IgM kit has been demonstrated to 
be a good tool for diagnosing acute toxoplasmosis. Our 
results showed that IgM levels ≥ 3.16 were associated 
with a greater chance of acute infection. Using this cut-off 
point, the sensitivity was 63.7%, and the specificity was 
75.0%. However, in another study, it was observed that 
the index value of the anti-T. gondii IgM antibody test 
cannot be considered a good predictor of recent infection23. 
It is important to highlight the distinct objectives and 
methodologies between the two studies, which may account 
for the differences in findings. Our study specific focus 
on pregnant women with suspected acute toxoplasmosis 
and the use of comprehensive laboratory criteria to define 
acute infection underscore the relevance of our findings 
in a clinical setting aimed at prenatal screening. Residual 
anti-T. gondii IgM detection also interferes with the correct 
diagnosis of toxoplasmosis, since patients with IgM 
associated with high avidity of IgG are not rare. Perhaps, 
if our sample of pregnant women acutely infected with 
T. gondii were systematically followed up after delivery, 
we could identify a significant number of cases presenting 
residual IgM, associated with high IgG avidity, as shown 
by Ribeiro et al.24, that observed pregnant women with high 
avidity IgG simultaneously with residual IgM.

The correlation between the variables of IgG avidity 
and the IgM index was significant, showing that the greater 
the IgM level was, the lower the IgG avidity. Similar 
observations have already been made showing a moderate 
or inverse correlation between IgM and IgG avidity in 
serum samples with low IgG avidity25. However, our study 
showed a significant number of discordant results between 
anti‑T. gondii IgM and IgG avidity: we observed pregnant 
women positive for IgM with high IgG avidity. Thus, 
positive anti-T. gondii IgM must be interpreted with caution 
in the diagnosis of toxoplasmosis, as already described26. In 
a recent study, the combination of anti-T. gondii IgM and 
IgG avidity assays was shown to be a reliable and suitable 
method for diagnosing acute toxoplasmosis27.

Given the importance of early treatment, our results 
are relevant for clinical practice and can assist healthcare 
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professionals in deciding to immediately start treatment 
for pregnant women evaluated by the VIDAS TOXO IgG 
avidity and IgM assays, showing IgG avidity ≤ 0.1 and IgM 
indices ≥ 3.16 values. This serological profile can also be 
used as an indication for enhanced ultrasound surveillance 
of fetal development and/or testing for T. gondii in amniotic 
fluid by PCR.

In this work, we present evidence supporting the use 
of VIDAS TOXO IgG avidity assay to indicate acute 
infection by T. gondii in pregnant women with very low IgG 
avidity indices (≤ 0.1). Thus, we suggest that in screening 
for toxoplasmosis in pregnant women in the PCTC-MG, 
an IgG avidity index ≤ 0.1 should be considered a strong 
indicator of acute toxoplasmosis, associated or not with an 
IgM index ≥ 3.16.

This study was based on the PCTC-MG database, which 
stores information from prenatal serological screening of 
pregnant women treated by the program. Data stored in this 
bank come from the pregnant women’s medical history and 
are entered manually. This methodology could explain the 
loss of some information related to gestational age at the 
time of the first blood sample collection and the lack of 
conclusive diagnosis of congenital toxoplasmosis in some 
newborns. The limitations found were mainly caused by 
inadequate data filling by health professionals regarding 
the pregnant women, and the typing errors inherent in this 
form of data entry.

CONCLUSION

Our results allow us to identify a serological profile 
that provides greater clarity regarding the time of T. gondii 
infection and the therapeutic indications for treatment. Very 
low IgG avidity indices (≤ 0.1) obtained by the VIDAS 
TOXO IgG avidity assay, as well as very high IgM indices 
(≥ 3.16) obtained by the VIDAS TOXO IgM assay, are 
important markers in the diagnosis of acute toxoplasmosis.
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