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ABSTRACT
Host and parasite genotypes are among the factors associated with congenital toxoplasmosis
pathogenesis. As HLA class II molecules play a key role in the immune system regulation, the aim of
this study was to investigate whether HLA-DQA1/B1 alleles are associated with susceptibility or
protection to congenital toxoplasmosis. One hundred and twenty-two fetuses with and 103 without
toxoplasmosis were studied. The two study groups were comparable according to a number of
socio-demographic and genetic variables. HLA alleles were typed by PCR-SSP. In the HLA-DQA1
region, the allele frequencies showed that �01:03 and �03:02 alleles could confer susceptibility (ORD
3.06, p D 0.0002 and ORD 9.60, pD 0.0001, respectively) as they were more frequent among
infected fetuses. Regarding the HLA-DQB1 region, the �05:04 allele could confer susceptibility (OR D
6.95, p < 0.0001). Of the 122 infected fetuses, 10 presented susceptibility haplotypes contrasting
with only one in the non-infected group. This difference was not statistically significant after
correction for multiple comparison (OR D 9.37, pD0.011). In the casuistic, there were two severely
damaged fetuses with high parasite loads determined in amniotic fluid samples and HLA-DQA1
susceptibility alleles. In the present study, a discriminatory potential of HLA-DQA1/B1 alleles to
identify susceptibility to congenital toxoplasmosis and the most severe cases has been shown.
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Introduction

Toxoplasma gondii is a widely distributed apicomplexan
parasite, and human infections can be severe in immune
compromised patients and in fetuses/newborns.1-3

In the congenital toxoplasmosis model, the severity of
infection appears to depend mainly on the gestational
age at which the transmission took place, but also on the
parasite load determined in amniotic fluid samples, and
possibly on the parasite genotype and the genetic predis-
position of the host.3-7

All human diseases have genetic components, which
can be decisive for the outcome of the disease, or be com-
bined with environmental factors. It is already known
that, in a given population, there are subjects that are
more vulnerable (susceptible) to certain diseases, while
others are resistant (protected).8,9

HLA class II molecules are responsible for the presen-
tation of processed peptide antigens to CD4 T cells and
thus play a key role in the immune system regulation.9-12

In the present study, the choice for these regions (DQA1
and DQB1) was due to their crucial role in encoding the

HLA class II molecules. In fact, these regions, especially
the exons 2 and 3 which encode the a1 and b1 chains of
the HLA-DQ subunits A1 and B1, are the regions that
form the antigen cleft, where most of the genetic poly-
morphisms are concentrated.8,9

It is likely that the severity of congenital toxoplasmo-
sis might be influenced by the presence or absence of
one HLA allele or more alleles forming haplotypes. This
is the reason why the present study sought to investigate
the association between HLA-DQA1/DQB1 alleles and
haplotypes with susceptibility or protection to congenital
toxoplasmosis.

Patients and methods

Group of fetuses with toxoplasmosis

Pregnant women who received prenatal care in public
hospitals of the city of Sao Paulo in the southern
region of Brazil and who had a screening serology
result showing seroconversion to toxoplasmosis dur-
ing pregnancy evaluated by commercial enzyme
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immunoassays, immune chemiluminescent or immu-
nofluorometric tests, were enrolled in the present
study. These serological results were confirmed by
indirect immunofluorescence tests or by IgM capture
enzyme immunoassay techniques, depending on each
reference hospital’s expertise. The second parameter
that was required to meet the inclusion criteria of the
present study was a positive detection of T. gondii
DNA in amniotic fluid samples by conventional
nested PCR and also by a Real Time PCR according
to previously described protocols.13,14 Finally, a case
of congenital toxoplasmosis must have been con-
firmed at birth or at some point during the follow-up
of the infants, which were performed until the age of
12 months, coinciding with the end of the toxoplas-
mosis treatment in infants. The confirmation of the
newborn/infant diagnosis was based on the presence
of anti-T. gondii IgM antibodies and/or high IgG
titers (significantly higher than the maternal titers).
In the absence of positive IgM antibodies, high IgG
titers should necessarily be associated with signs and
symptoms suggestive of toxoplasmosis, and/or cranial
ultrasound and/or eye fundus abnormalities. These
complementary tests and the serology were repeated
every three months during the 12 months follow-up.

Amniocentesis was performed under ultrasound
guidance during the second trimester (15-25 weeks of
gestation), with a seroconversion occurring approxi-
mately four weeks earlier. At the time that amniocen-
tesis was performed, all of the pregnant women had
been treated with spiramycin for a minimum of one
week to a maximum of four weeks before the
procedure.

The exclusion criteria for this study included inade-
quate amniotic fluid samples due to the presence of
blood, meconium, or sample insufficiency (less than 3 ml
of amniotic fluid). All patients were informed of the
amniocentesis risks and the nucleic acid procedures and
consented with all subsequent laboratory testing.

Group of fetuses without toxoplasmosis (control
group)

A group of women who had also received prenatal
care in the same public hospitals was recruited. Only
pregnant women with no abnormalities detected in
the prenatal care and presenting serological results
indicating a previous contact with Toxoplasma gondii
(positive and low titers of IgG and negative IgM),
therefore presenting a minimum risk of toxoplasmosis
transmission to the fetus were included. In this con-
trol group, at birth, in the delivery room, blood

samples were collected directly from the placentas,
and transferred onto sterile EDTA tubes.

DNA extraction and DNA concentration assessment

Amniotic fluid samples (study group) or blood samples
(control group) were submitted to DNA extraction using
a commercial kit (QIAamp DNA Mini Kit, QIAGEN)
according to the manufacturer’s instructions. DNA con-
centration was estimated by UV spectrophotometry at
260 nm (NanoDrop 1000, Thermo Scientific).

Analysis of the HLA-DQA1 and –DQB1 alleles in
fetuses with and without toxoplamosis

The genotyping of the HLA-DQA1 and -DQB1 alleles
was performed as previously described,15,16 using
sequence-specific primers amplifications (PCR-SSP). In
the DQA1 region, 10 alleles have been identified, while
in the DQB1 region, which is much more polymorphic
than the DQA1 region, 19 alleles have been identified.
Briefly, the master mix of reagents for all of the alleles of
the DQA1 and the DQB1 region was prepared with
50 ng of genomic DNA, 0.4 uM of each primer; 200 uM
of dNTPs; 1.5 mM of MgCl2; 1.25 U of Taq DNA poly-
merase (Promega Corp.) for reactions with a final vol-
ume of 25 mL. The amplification conditions used for the
DQA1 alleles were: an initial denaturation step at 95�C
for 3 min.; 30 cycles of 95�C for 30 sec., 65�C for 60 sec.
and 72�C for 60 sec.; ending with a final extension at
72�C for 3 min. For the DQB1 alleles the conditions
were: an initial denaturation step at 95�C for 3 min.; 40
cycles of 95�C for 30 sec., 65�C for 60 sec. and 72�C for
60 sec.; ending with a final extension at 72�C for 3 min.
The amplified products were applied to agarose gels 2:1
(agarose: NuSieve) (InvitrogenTM and Cambrex BioSci-
ence) prepared in TAE buffer 1X (Tris - Glacial Acetic
Acid - 1M EDTA) and subjected to horizontal electro-
phoresis (HE- 58, GE Healthcare) at 80 V for 30 minutes,
and subsequently stained with ethidium bromide at 0.5
ug/ml (PlusOne Ethidium Bromide, GE Healthcare).
The amplification results were visualized in a transillu-
minator apparatus with ultraviolet light (BioDoc-It 210,
UVP).

Statistical analysis

A data bank of HLA-DQA1 and -DQB1 processing
results was created in Microsoft Excel 2007. Data were
expressed as allele frequency, calculated as the ratio of
the number of times that different alleles appeared in the
sample to the total number of alleles. The p-value was
calculated using a Chi-square (x2) test or the Fisher’s

VIRULENCE 457



exact. Odds ratios (OR) at a 95% confidence interval (CI)
were calculated. The Bonferroni correction was per-
formed by multiplying the p-value by the number of
alleles detected for each locus. Thus, regarding the
DQA1 region, where 10 alleles were amplified, significant
pc-values were those < 0.005, while in the DQB1 region,
due to a high ambiguity at the �06 locus, the frequencies
of the �06 alleles were not discriminated, and the results
of this locus were expressed as the total number of alleles
at �06 locus. Therefore, in the DQB1 region p-values
were divided by 12 alleles so that significant pc-values
were those < 0.0041. To compare the frequency of
DQA1 and DQB1 haplotypes in the two groups, nine
possible combinations of alleles forming haplotypes were
considered and significant pc-values were those < 0.005.
All statistical analyzes were performed using the Sigma
Stat 3.5 program (Advisory Statistics for Scientists) and
the Prism software (Graph Pad 5.0).

To determine if the allele frequencies were in Hardy–
Weinberg equilibrium (HW) we used the equation avail-
able at http://www.oege.org/software/hwe-mr-calc.shtml.

Ethical approval

This research was approved by the Institutional Ethics
Committee (CAPPesq protocol number 0347/2011) and
was performed in S~ao Paulo, which is the most populous
state in Brazil, located in the southeastern region of the
country.

Results

We analyzed 122 fetuses in the group with toxoplasmosis
and 103 fetuses in the control group. This was a conve-
nience sample consisting of all positive cases that could
be recruited in the four participating services in the three

Table 1. Distribution of the two groups (with toxoplasmosis and without toxoplasmosis - control) according to the ethnicity, demo-
graphic, social and economic characteristics and other parameters that are of interest in the context of toxoplasmosis.

Variable Toxoplasmosis ND122 (%) Control group ND103 (%) p value�

Maternal age (years) < 20 23 (18.8) 21 (20.4) 0.965
20-29 65 (53.3) 56 (54.4)
30-34 20 (16.4) 16 (15.5)
� 35 14 (11.5) 10 (9.7)

Mother’s skin color White 56 (45.9) 46 (44.6) 0.937
Mixed-ethnicitya 47 (38.5) 42 (40.8)

Black 19 (15.6) 15 (14.6)
Newborn’s skin color White 55 (45.1) 46 (44.6) 0.966

Mixed-ethnicitya 48 (39.3) 42 (40.8)
Black 19 (15.6) 15 (14.6)

Maternal education (years) 0-4 56 (46) 43 (41.8) 0.325
5-8 64 (52.4) 60 (58.2)
9-11 2 (1.6) 0 (0)

Family income (quartiles)b � 1 (lowest) 74 (60.6) 65 (63.1) 0.865
2 46 (37.7) 37 (35.9)
3 2 (1.7) 1 (1)

Parity None 65 (53.3) 53 (51.5) 0.823
1 49 (40.2) 41 (39.8)
2 8 (6.5) 9 (8.7)

Prenatal carec Yes 98 (80.3) 103 (100) < 0.0001
No 24 (19.7) 0 (0)

Delivery Vaginal 78 (64) 60 (58.2) 0.383
Cesarean 44 (36) 43 (41.8)

Gestational aged Preterm 22 (18) 0 (0) < 0.0001
Full term 100 (82) 103 (100)

Birth weight (Kg) >3 50(40.1) 75 (72.8) < 0.0001
2.5 – 3 58 (47.5) 26 (25.2)
< 2.5 14 (11.5) 2 (1.9)

Household contact with animalse Yes 55 (45.1) 50 (48.5) 0.604
No 67 (54.9) 53 (51.5)

Consumption of meat per week 1 35 (28.7) 23 (22.3) 0.493
2 49 (40.2) 48 (46.6)
3 38 (31.1) 32 (31.1)

Ingestion of raw or undercook meat Yes 18 (14.7) 17 (16.5) 0.718
No 104 (85.3) 86 (83.5)

a Mixed ethnicity refers to a mixture of black and white;
b The family income was divided into quartiles according to the Brazilian minimum wage (1 minimum wage D U$240 American dollars);
c Prenatal care: yes refers to > 3 prenatal care appointments; No refers to no prenatal care at all or < 3 appointments;
d Gestational age: preterm < 37 weeks and full term 37- 40 weeks (gestational ages were estimated at birth by the last menstrual period, the ultrasound per-
formed at 21– 28 weeks, the ultrasound at 29 weeks and the method of Capurro, even in preterm infants;17

e Household contact with animals refers mainly to cats and dogs;
� p value was calculated using (x2) test or the Fisher’s exact test was used when the cell counts were< 5.
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years period in which the survey was conducted. Data
related to the demographic, social and economic charac-
teristics, as well as other parameters that are relevant in
the context of toxoplasmosis are shown in Table 1. A sta-
tistical significant difference between the groups with
and without toxoplasmosis was observed for the follow-
ing variables: prenatal care, gestational age and birth
weight (p<0 .0001, Chi-square test or Fisher’s exact test).

When the allele frequencies of the group with toxo-
plasmosis was compared with the ones without toxoplas-
mosis, it was observed that the alleles �01:03 and �03:02
were more frequent in the fetuses with toxoplasmosis
(20.5 and 8.6%, respectively) than in the control group
(7.8 and 1.0%, respectively). These differences (ORD
3.06, p D 0.0002 and ORD 9.60, pD 0.0001, respectively)
are statistically significant and suggest that the alleles
�01:03 and �03:02 could confer susceptibility to toxoplas-
mosis. The findings of the HLA-DQA1 alleles in the two
groups (with and without toxoplasmosis) are presented
in Table 2.

Regarding the DQB1 region, the allele �05:04 could
confer susceptibility as it was more frequent in fetuses
with toxoplasmosis (14.7%, ORD 6.95 and p < 0.0001)
(Table 3).

In this study, considering the susceptibility to toxo-
plasmosis, three alleles were identified: DQA1 �01:03 and
�03:02, and DQB1 �05:04.

The comparison of the haplotype frequencies in the
two groups was performed by the direct counting of the
number of cases presenting two or three DQA1 and
DQB1 susceptibility alleles, forming haplotypes. In the
group of 122 infected fetuses, 10 presented susceptibility
haplotypes contrasting with only one in the non-infected
group. The Fisher’s exact test showed the following
results (OR D 9.37, p D 0.011), i.e., the difference
between the two groups was not significant (Table 4).

The 10 infected fetuses presented the following
haplotypes:

1. four fetuses were DQA1�01:03/DQB1�05:04 - het-
erozygous for both alleles;

2. two fetuses were DQA1�01:03/�03:02/DQB1�05:04
– heterozygous for the three alleles;

3. one fetus was DQA1�01:03/�01:03/DQB1�05:04 –
homozygous for DQA1�01:03 and heterozygous
for DQB1�05:04;

4. one fetus was DQA1�03:02/�03:02/DQB1�05:04 –
homozygous for DQA1�03:02 and heterozygous
for �05:04;

5. one fetus was DQA1�01:03/DQB1�05:04/�0504 –
heterozygous for DQA1�01:03 and homozygous
for DQB1�0504;

6. one fetus was DQA1�03:02/DQB1�05:04 - hetero-
zygous for both alleles.

The only case found in the control group presented
the haplotype DQA1�01:03/�01:03/DQB1�05:04 i.e., was
homozygous for DQA1�01:03 and heterozygous for
DQB1�05:04.

The distribution of the allele proportions in either the
DQA1 region or the DQB1 region was in Hardy–Wein-
berg equilibrium (HW) in both groups.

Discussion

The aim of the present study was to investigate the asso-
ciation between HLA-DQA1/DQB1 alleles and haplo-
types with susceptibility or protection to congenital
toxoplasmosis.

To allow the comparison of the group of fetuses, with
and without congenital toxoplasmosis, a number of
socio-demographic and genetic factors such as the
maternal age, the mothers and newborns ethnicity,
maternal education, family income, mother’s parity and

Table 2. Description of the 10 alleles investigated in the HLA-DQA1 region, the number of alleles and the allele frequency in the 122
fetuses with congenital toxoplasmosis (study group) and in the 103 fetuses of the control group.

N� of alleles Allele frequency

DQA1 Alleles Control group Study group Control group Study group OR (95% CI) Bonferroni p < 0.005

�01:01 12 17 5.8 7.0 1.21 (0.56 – 2.59) 0.702
�01:02 37 22 18.0 9.0 0.45 (0.25 – 0.79) 0.0073
�01:03 16 50 7.8 20.5 3.06 (1.68 – 5.56) 0.0002
�01:04 19 9 9.2 3.7 0.37 (0.16 – 0.85) 0.018
�02:01 25 12 12.1 4.9 0.37 (0.18 – 0.76 ) 0.005
�03:01 29 24 14.1 9.8 0.66 (0.37 – 1.18) 0.187
�03:02 2 21 1.0 8.6 9.60 (2.22 – 41.49) 0.0001
�04:01 16 28 7.8 11.5 1.53 (0.80-2.93) 0.205
�05:01 48 53 23.3 21.7 0.91 (0.58 – 1.42) 0.734
�06:01 2 8 1.0 3.3 3.45 (0.72 – 16.47) 0.118
Total 206 244 100 100 – –

OR: odds ratio; CI: confidence interval; Bonferroni correction was calculated considering significant
p value 0.05/10 combinations of DQA1 alleles. The alleles presented in bold could confer susceptibility to congenital toxoplasmosis.
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type of delivery, were found to be comparable in both
groups. In contrast, the percentage of prenatal care, as
well as the newborns gestational age and birth weight
were different, as expected (Table 1).

One could criticize the choice of the control group in
this study because it was composed of uninfected fetuses
whose mothers were healthy, presented a previous T.
gondii infection revealed by the presence of anti-T. gon-
dii IgG antibodies. Instead of these pregnant women, we
could have used others that had also seroconverted dur-
ing pregnancy but did not transmit the infection to the
fetuses, and therefore presented negative PCR results in
amniotic fluid samples. However, this alternative control
group could face other criticisms because the transmis-
sion of T. gondii to the fetus can take place after the com-
pletion of amniocentesis especially when amniocentesis
is performed before 18 weeks of gestation.18 Moreover, it
is recognized that the positivity of PCR depends on the
gestational age at the time of maternal infection. The ear-
lier the amniocentesis is performed, the lower the PCR
sensitivity.19 Montoya and Remington recommended
that amniocentesis should not be performed at less than
18 weeks’ gestation, and should be offered no less than 4
weeks after suspected acute maternal infection to lower
the occurrence of PCR false-negative results.18

Another problem that might jeopardize the control
group is that PCR could be negative due to a lack of

sensitivity of the amplification method, generating a
false-negative result. It is known that more recent techni-
ques such as Real Time PCR tend to be more sensitive
than conventional PCR, but even these quantitative tech-
niques are not able to rule out the presence of infection20

i.e., there will be always around 10% of the casuistic that
will be infected and present negative serological results at
birth.14,19-23

A factor that is likely to decrease the sensitivity of
PCR is that all of the pregnant women were under treat-
ment at the time of amniocentesis because of the proto-
col to treat pregnant women that is recommended by the
Brazilian Ministry of Health. Due to the treatment
administered to women who have seroconverted during
pregnancy with either spiramycin, or a combination of
sulfadiazine and pyrimethamine, and also to the fact that
the newborns of these women also receive, even if in an
indirect way, the drug through the placenta, it is com-
mon that fetuses are asymptomatic at birth and during
the first months of life and also have undetectable IgM
antibodies accompanied by IgG levels that are similar to
the maternal ones or even lower, especially if the mothers
began the treatment early in pregnancy, and received it
for prolonged periods. Thus, the absence of IgM antibod-
ies do not absolutely rule out the possibility of infection
in newborns whose mothers were treated during preg-
nancy, i.e., specific antibody production may be inhibited

Table 3. Description of the five loci and 12 alleles investigated in the HLA-DQB1 region, the number of alleles in each group and the
allele frequency in the 122 fetuses with congenital toxoplasmosis (study group) and in the 103 fetuses of the control group.

N� of alleles Allele frequency

DQB1 Alleles Control group Study group Control group Study group OR (95% CI) Bonferroni p < 0.0041

�02:01 22 20 10.7 8.2 0.74 (0.39-1.41) 0.417
�03:01 33 23 16.0 9.4 0.54 (0.30-0.96) 0.044
�03:02 5 8 2.4 3.3 1.36 (0.43-4.23) 0.779
�03:03 6 5 2.9 2.1 0.69 (0.20-2.32) 0.559
�03:04 3 7 1.4 2.9 1.99 (0.51-7.83) 0.356
�04:01 2 2 0.9 0.8 0.84 (0.11-6.04) 1.000
�04:02 13 12 6.3 4.9 0.76 (0.34-1.72) 0.542
�05:01 26 22 12.6 9.0 0.68 (0.37-1.25) 0.224
�05:02 2 7 0.9 2.9 3.01 (0.61-14.67) 0.189
�05:03 22 14 10.7 5.7 0.50 (0.25-1.02) 0.057
�05:04 5 36 2.4 14.7 6.95 (2.67-18.09) <0.0001
�06x 67 88 32.5 36.1 1.17 (0.79-1.73) 0.485
Total 206 244 100 100 – –

Notes. Due to a high ambiguity, the frequencies of the �06 alleles were not discriminated, and the results were expressed as the total number of alleles at the �06 locus.
OR: odds ratio; CI: confidence interval; Bonferroni correction was calculated considering significant p values of 0.05/12 combinations of DQB1 alleles. The allele
presented in bold could confer susceptibility to toxoplasmosis

x Due to a high ambiguity, the frequencies of the

Table 4. The number of cases in each group carrying the susceptibility haplotypes in the HLA-DQA1 and -DQB1 regions.

Susceptibility haplotypes Study group Control group OR (CI - 95%) Bonferroni p<0.005

Cases/total (%) 10/122 (8.20) 1/103 (0.97) 9.37 (1.17-74.54) 0.011

OR: odds ratio; CI: confidence interval; Bonferroni correction was calculated considering significant p value 0.05/9 combinations of DQA1and DQB1 haplotypes.
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by the maternal treatment, and also by the treatment
administered to the infants during the first year of life.3,24

These are some of the reasons that explain why we have
decided to use a control group composed of women who
had already been exposed to toxoplasmosis and presented
an absolutely normal prenatal care, and therefore had a
minimum probability to transmit the infection to their
fetuses. In these mothers, congenital toxoplasmosis would
only occur in extremely rare cases of reactivation or reinfec-
tion with another strain of Toxoplasma gondii.25-29

Another interesting topic regarding the newborn/
infants treatment is that in some cases, the production of
specific anti-Toxoplasma gondii antibodies by the unsus-
pected infected infant is delayed until some months after
the interruption of the treatment.30 Then, after variable
periods of time, the infected child will begin to produce
antibodies to T. gondii, and this phenomenon is called
serological rebound.31

Therefore a negative serological pattern can be a tran-
sitory phenomenon in congenital toxoplasmosis as a
consequence of maternal and neonatal treatment, partic-
ularly when the maternal infection has occurred during
the first two trimesters of pregnancy.32,33

A supplementary point that merits attention is the fact
that evenwith prolonged and repeatedly negative anti-Toxo-
plasma serology, a congenitally infected infant can develop
chorioretinitis much later, e.g., at the age of 13 years.34

The present study design does not allow the associa-
tion of maternal genetic factors represented by the
maternal HLA-DQA1/DQB1 that could predispose to
toxoplasmosis, mainly regarding the vertical transmis-
sion of toxoplasmosis. However, it is possible that genetic
maternal factors are not predominant when the develop-
ment and severity of manifestations in infected infants
are considered. In the present study the main goal was to
determine the fetal HLA-DQA1/DQB1 alleles and haplo-
types that could influence somehow the severity of con-
genital toxoplasmosis.

Considering the outcome of infections after a 12 months’
follow-up, in only two fetuses with toxoplasmosis of the 122
studied (1.64%) the congenital infection was considered
severe. These two infants presented with the Sabin’s triad of
symptoms (hydrocephalus, cerebral calcifications and cho-
rioretinitis) and high parasite loads determined by Real
Time PCR14 in amniotic fluid samples (103 and 104 para-
sites/ml) despite the mothers’ treatment. These two fetuses
carried susceptibility alleles, one of them was heterozygous
for HLA-DQA1 �01:03 and the other was homozygous for
HLA-DQA1 �01:03, respectively.

It is noteworthy that the frequency of the DQA1
�02:01 allele was higher in the group of fetuses with toxo-
plasmosis [OR 0.37 (0.18-0.76) and pc-valueD 0.005],
Table 2, but as we decided to accept as statistically

significant only results with pc-values < 0.005, this allele
was not highlighted in the present study, nevertheless
should be re-analyzed in replication studies.

In the present report, all of the HLA typing experi-
ments were repeated due to the high ambiguity found in
the DQB1 region, more specifically at the �06 locus. After
the repetition, it was concluded that the primers
described by Olerup et al. and Mullighan et al.15,16 can
be moderately/highly discriminatory in other popula-
tions, but have failed to discriminate the alleles at the �06
locus in our series of Brazilian pregnant women belong-
ing to a population with a high degree of racial miscege-
nation. Therefore, as the problem took place in both
studied groups (with and without toxoplasmosis), we
analyzed the DQB1 alleles results at the �06 locus as a
whole (locus DQB1 �06), and no statistical difference
was found between the two groups. Anyway, we suc-
ceeded in classifying patients as being homozygous or
heterozygous at the �06 locus since all the other amplifi-
cations corresponding to alleles present at DQB1 loci
(�02; �03, �04, �05) were highly discriminatory and gen-
erated unambiguous results.

There are few studies on the variability of HLA alleles
in cases of congenital toxoplasmosis. Meenken et al.35

have conducted the HLA serotyping of the regions
(HLA-A, HLA-B, HLA-C and HLA-D) in 52 newborns
with congenital toxoplasmosis and Mack et al.36 have
serotyped the HLA-DQ alleles of 23 infants with toxo-
plasmosis and hydrocephalus, 45 infants with toxoplas-
mosis without hydrocephalus, and a control group of
232 healthy individuals concluding that the frequency of
the DQ3 allele was significantly higher in infants with
toxoplasmosis and hydrocephalus.

In our study, the alleles DQA1 �01:03 and �03:02 were
associated with increased susceptibility to toxoplasmosis,
but the simple comparison with the results of Meenken
et al. and Mack et al. is a difficult issue due to methodo-
logical differences (serotyping versus genotyping).35,36

Nevertheless, it is likely that the DQ3 identified by Mack
et al.36 as a susceptibility allele corresponds to the allele
�03:02 evidenced in the present study also associated
with susceptibility to congenital toxoplasmosis. Meenken
et al.35 have only found differences in the HLA-B region,
and we did not investigate this HLA region.

In 2005, Habegger de Sorrentino et al.37 have studied
220 individuals, 112 HIV-negative healthy subjects, and
108 HIV-positive patients (18 with AIDS and neuro-
toxoplasmosis, 49 with AIDS without neuro-toxoplas-
mosis, and 41 asymptomatic). HLA-DR and -DQ geno-
typing was performed by molecular biology techniques.
The HLA-DQB �04:02 (OR D 20.43) and DRB1 �08 (OR
D 11) alleles were associated with a higher risk of devel-
oping neuro-toxoplasmosis. In the present study, no
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differences were found in the frequencies of the DQB1
�04:02 allele and we did not perform the investigation of
the DRB1 region. In addition, we studied congenital
toxoplasmosis and Habegger de Sorrentino et al.37 stud-
ied HIV-positive patients with or without neuro-
toxoplasmosis.

Regarding the frequency of HLA-DQA1/DQB1 haplo-
types in the group of infected fetuses with respect to the
non-infected ones, the results of the present study did not
show a higher frequency of these haplotypes in the group of
infected fetuses (pc-value found 0.011 vs. significant pc-
value< 0.005), however, it is possible that in future studies,
the statistical significance could be reached if one analyzes a
higher number of patients (Table 4).

In the present study, the results of the HLA-DQA1/
DQB1 allele frequencies are promising and original. Fur-
thermore, the number of cases reported here, however
limited to some extent, are higher than those of studies
on the same subject.35-37 Nevertheless, replication studies
with a higher number of patients and controls are needed
to corroborate the results presented herewith, ideally
accompanied by the simultaneous determination of the
mothers’ HLA. Another interesting perspective will be
the concomitant study of the DRB1 region.

A discriminatory potential of HLA-DQA1 and
-DQB1 alleles to identify susceptibility to congenital
toxoplasmosis and the most severe cases in this casuistic
has been shown. This study opens up interesting pros-
pects for the future such as the proposal of a new thera-
peutic approach for congenital toxoplasmosis. Using the
genetic profile of infected fetuses it would be possible to
address more aggressive treatment regimens in cases in
which the fetuses carry HLA-DQA1 or -DQB1 alleles
that have been associated with increased susceptibility to
infection, possibly contributing to reduce the morbidity
and mortality attributable to congenital toxoplasmosis.
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