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Background. Toxoplasma gondii infection is usually benign in Europe due to the strong predominance of type II strains. Few 
studies have been conducted to examine the immunological course of infection in humans and have yielded con!icting results, 
maybe in!uenced by heterogeneous parasite strains.

Methods. We measured 23 immune mediators in 39, 40, and 29 sera of French noninfected, acutely infected, and chronically 
infected immunocompetent pregnant women, respectively.

Results. Four different cytokine patterns were identified regarding their dynamics through infection phases. For 11 of the 
cytokines (IFN-β, IFN-γ, IL-4, IL5, IL-6, IL-10, IL-12, IL-15, CXCL9, CCL2, and CSF2) the serum levels were significantly 
elevated during acute infection. The in!ammatory mediators IL-1β, IL-17A, IL-18, TNF-α, and CSF3 remained unchanged 
during acute infection, while they were significantly lower in chronically infected compared to noninfected patients. As for the 
anti-in!ammatory cytokines TGF-β and CCL5, their levels remained significantly elevated during chronic infection. We also 
observed a significant negative correlation of several cytokine concentrations with IgG levels, indicating a rapid decline of 
serum concentrations during the acute phase.

Conclusions. These results indicate an anti-in!ammatory pattern in chronically infected patients in a type II dominated setting 
and demonstrate the highly dynamic immune situation during acute infection.
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Toxoplasma gondii is an intracellular protozoan parasite, be-
longing to the Apicomplexa phylum. Humans become infected 
by ingesting contaminated undercooked meat or raw food, 
through the maternal-fetal route [1], or, more rarely, during 
the transplantation of contaminated organs [2]. Infection is 
mostly asymptomatic in immunocompetent patients in 
Europe, due to a nearly clonal distribution of the relatively avir-
ulent type II strains. In other geographical areas, notably South 
America, a great diversity of strains frequently causes more se-
vere infections [3,4]. Primary infection during pregnancy can 
be complicated by maternal-fetal transmission, responsible 
for congenital toxoplasmosis. After the acute infection phase, 
toxoplasmosis evolves into a chronic infection during which 

the parasites become encysted in the brain and other organs 
where they remain in a latent form, probably for lifetime of 
the infected person. Reactivation of these encysted parasites 
can occur in cases of immunosuppression and can result in pul-
monary [5], cerebral [6], or ocular disease, the latter also being 
observed in immunocompetent patients [7].

Despite the infections often being subclinical, T. gondii infec-
tion induces a strong immune response, as was demonstrated in 
animal studies [8]. Recognition of the parasite through Toll-like 
receptor (TLR) signaling activates the production and secretion 
of many proin!ammatory cytokines that play a major role in 
the infection control [9,10], such as interleukin 1 (IL-1), 
interferon-γ (IFN-γ), tumor necrosis factor-α (TNF-α), l IL-6, 
IL-12 or, more controversially, IL-17A [11–14].

In human studies in patients with an established infection 
status, no conclusive data have been obtained so far. Most of 
these studies were carried out in South America, where more 
virulent strains result in more obvious clinical cases. In these 
studies, numerous cytokines, such as C-X-C motif chemokine 
ligand 9 (CXCL9), CXCL10, CXCL8 (IL-8), CC chemokine li-
gand 5 (CCL5), but also T helper 2 (Th2) or downregulatory cy-
tokines, like IL-4, IL-5, and IL-10, were found to be increased in 
patients chronically infected with T. gondii versus noninfected 
patients [15]. Other studies have looked more specifically at 
acute and chronic infections and found significantly higher 
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levels of colony-stimulating factor 2 (CSF2), granulocyte- 
macrophage CSF (GM-CSF), CXCL11, transforming growth 
factor-β (TGF-β), CXCL9, and CXCL10 in the acute infection 
phase compared to the chronic phase [16,17]. CXCL9, 
CCL25, and CSF2 were even reported to distinguish between 
acute and chronic toxoplasmosis with an accuracy of 76% [17].

Clearly, the cytokine profile of response to toxoplasmosis 
seems to vary according to many parameters, such as the infec-
tion stage, the underlying clinical conditions, but also crucially 
the parasite strain [18]. These studies were often conducted in 
cohorts of pregnant women, which certainly introduced some 
bias but has the great advantage of providing a quite homoge-
neous and clinically well-defined group. One study compared a 
US cohort, where approximately 50% of infections were due 
to type II strains, with a similar Colombian cohort, where the 
setting was highly variable and more pathological [3]. 
Surprisingly, the North American patients showed decreased 
levels of half of the immune mediators, including IFN-γ, 
IL-17, CCL4, and CSF3 (G-CSF), during acute infection, while 
in Colombian patients, only few mediator levels were decreased 
during acute infection and some others were elevated.

Thus, although the cytokinome in infected patients has been 
well studied in South America and partly in the United States, 
these studies always include the uncertainty of strain variations. 
To characterize this cytokinome in a nearly homogenous type II 
setting, we therefore evaluated the cytokine profile of European 
pregnant women, infected or not with toxoplasmosis. In addi-
tion to distinguishing between acute and chronic infections, we 
also took into account the evolution of the acute phase by quan-
tifying immunoglobulin G (IgG) antibody levels and avidity 
[19]. This allowed us to demonstrate the dynamics of cytokine 
responses during the course of the acute phase of infection.

METHODS

Patients

In this retrospective study, we collected sera from pregnant 
women who took part in routine toxoplasmosis serological 
screening at the Strasbourg University Hospitals, France, and 
who did not present any underlying pathology or signs of im-
munosuppression. Overall, 108 sera from 101 pregnant women 
were included in this study between 2011 and 2021. 
Toxoplasmosis serological screening consisted of an IgM assay 
(ARCHITECT Toxo IgM; Abbott) and an IgG assay 
(ARCHITECT Toxo IgG; Abbott), as well as an IgG avidity 
measurement in those patients with positive IgM and IgG levels 
(ARCHITECT Toxo IgG Avidity; Abbott) [19]. IgM were con-
sidered negative below 0.5 IU/mL, equivocal between 0.5 and 
0.6 IU/mL, and positive above 0.6 IU/mL. IgG were considered 
negative below 1.5 IU/mL, equivocal between 1.6 and 3 IU/mL, 
and positive above 3 IU/mL. Avidity was considered weak be-
low 40% and high above 60%. The patients were accordingly 

classified into 3 groups: 39 patients not infected with toxoplas-
mosis (IgM and IgG negative), 40 sera of 33 patients with acute- 
phase toxoplasmosis (IgM positive and/or IgG weakly positive 
and avidity below 40%), and 29 patients with chronic toxoplas-
mosis (IgM negative, IgG positive).

Serum Cytokine Assay

The sera were stored at −20°C. The following 23 cytokines were 
measured on the Luminex MAGPIX system: IL-17, CCL5, 
CSF3, CSF2, IFN- α, IFN- β, IFN-γ, IL-1 α, IL-1 β, IL-10, 
IL-12p70, IL-15, IL-17A, IL-18, IL-4, IL-5, IL-6, CXCL8, 
CXCL10 (IP-10), CCL2 (MCP-1), CXCL9 (MIG), TNF-α, 
and TGF-β (PROCARTAPLEX Luminex kit). Assays were per-
formed in duplicate on 25 µL of serum and analyzed using the 
Luminex XPONENT software version 4.2.

Statistical Analysis

Statistical analysis was conducted with GraphPad Prism ver-
sion 8.2. Nonparametric tests were used throughout, as a pre-
liminary test showed a nonnormal distribution of cytokine 
levels. The comparisons between the noninfected, acutely in-
fected, and chronically infected groups were performed using 
a Kruskal-Wallis test with Dunn correction for multiple com-
parisons. Correlations between Toxoplasma-specific IgG and 
cytokine levels were analyzed by Spearman correlation test. 
The Spearman test was also used to explore the correlation be-
tween avidity and IgM or IgG levels. P values <.05 were consid-
ered as statistically significant.

Ethics Approval

The serum samples were obtained in compliance with the 
quality assurance scheme and legal policies. They are part of 
a biobank of the Strasbourg University Hospital that has been 
authorized by the local Clinical Research Department and de-
clared to the French Ministry of Health (No. DC-2019-3727).

RESULTS

In our cohort, 39, 33, and 29 patients (39, 40, and 29 sera) were 
classified as not infected with T. gondii, acutely infected, and 
chronically infected, respectively. The patients’ data are sum-
marized in Supplementary Figure 1.

The levels of 23 cytokines were measured in the sera of these 
patients. We first compared the levels in each of the 3 infection 
groups (Figure 1 and Table 1). Four distinct patterns were iden-
tified. The first pattern (pattern A) comprised half of the exam-
ined mediators, including major Th1, Th2, and regulatory 
cytokines, namely IFN-γ, IL-12p70, CSF2, CXCL9, CCL-2, 
IFN-β, IL-4, IL-5, IL-10, IL-6, and IL-15 (Figure 1A). These me-
diators were significantly upregulated in the sera from patients 
with acute toxoplasmosis. In chronically infected patients, cy-
tokine levels returned to preinfection values, so that the nonin-
fected and chronic groups were not statistically different. The 
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Figure 1. Serum cytokine concentration of the noninfected patients and patients with acute or chronic toxoplasmosis: (A) cytokines showing significant upregulation only in 
patients in the acute phase of infection; (B) cytokines with significant downregulation in patients in the chronic phase; and (C ) cytokines with significantly elevated levels in 
patients from both the acute and chronic groups compared to the noninfected patients. Pattern plots show the relative dynamics between the 3 subgroups for each pattern. 
Abbreviations: CCL, CC chemokine ligand; CSF, colony-stimulating factor; CXCL, C-X-C motif chemokine ligand; IFN, interferon; IL, interleukin; TGF, transforming growth factor; 
TNF, tumor necrosis factor.
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second pattern (pattern B) comprised mostly in!ammatory cy-
tokines (Il-1β, CSF3, TNF-α, IL-18, and IL-17A) and was char-
acterized by significantly lower levels in the chronic group as 
compared to both the noninfected and acute groups 
(Figure 1B). None of these immune mediators showed a statis-
tically significant difference between the noninfected and acute 
groups. The third pattern (pattern C) comprised only TGF-β 
and CCL5 (RANTES), with their levels being significantly 
more elevated in the acute and chronic groups than in the non-
infected group (Figure 1C). Finally, the remaining cytokines 
(CXCL8, IL-17F, CXCL10, IFN-α, and IL-1α), corresponding 
to pattern D, showed no differences between the groups or 
were expressed at very low levels throughout (Supplementary 
Figure 2A). Thus, whereas most cytokines were upregulated 
only during the acute infection phase with no difference 
between noninfected and chronically infected patients, some 
mediators, notably in!ammatory cytokines, continued to be 
low and others, namely the anti-in!ammatory TGF-β, contin-
ued to be high during chronic infection.

When looking more closely at the cytokine levels during acute 
infection, we regularly noticed a great variability of values, and of-
ten 2 or more distinct populations. Therefore, we dissected the 

evolution of infection during this phase using IgG titers as a mark-
er. The results are shown in Figure 2, with cytokines displayed in 
the same groups as in Figure 1. Obviously, for most of the im-
mune mediators with lower concentrations in chronically infected 
than in acutely infected patients, we observed a significant nega-
tive correlation between IgG levels and cytokine concentrations, 
regardless of whether concentrations  were higher in acute com-
pared to noninfected patient groups (IFN-γ, IL-12p70, CSF2, 
IFN-β, IL-4, IL-5, IL-6, and IL-15; Figure 2A) or not (TNF-α, 
IL-17A, CSF3, and Il-1β; Figure 2B). For those cytokines that re-
mained elevated in the chronic phase, no correlation with IgG lev-
els was noted (Figure 2C). This lack of correlation was also 
observed for mediators whose levels did not differ between the 
3 infection groups (Supplementary Figure 2B). Thus, most cyto-
kines that were temporarily upregulated during acute infections 
showed their highest concentrations early in the infectious pro-
cess, followed by a rapid decline to the levels observed in the 
chronic phase.

DISCUSSION

In studies characterizing the immune response in T. gondii- 
infected patients, parasite- or host-related factors will always 

Table 1. Median Cytokine Concentrations in the Noninfected, Acutely Infected, and Chronically Infected Pregnant Women, and Adjusted P Values for 
Each Pairwise Comparison

Cytokine Concentration, Median (Range), pg/mL

Noninfected Acute Chronic
Noninfected vs 

Acute
Noninfected vs 

Chronic
Acute vs 
Chronic

IFN-γ 0.0 (0–0) 0.0 (0–8.3) 0.0 (0–0) <.0001 **** >.9999 NS <.0001 ****
IL-12p70 0.0 (0–0) 0.0 (0–48) 0.0 (0–0) <.0001 NS >.9999 NS <.0001 ****
CSF2 0.0 (0–0) 8.6 (0–31) 0.0 (0–14) <.0001 **** >.9999 NS <.0001 ****
CXCL9 0.935 (0–664) 81.78 (0–980) 0.0 (0–610) <.0001 **** >.9999 NS <.0001 ****
CCL2 22.605 (0–145) 31.8 (0–183) 6.49 (0–62) .9435 NS .0007 *** <.0001 ****
IFN-β 0.0 (0–28.6) 0.0 (0–13) 0.0 (0–1.47) .0004 *** >.9999 NS .0003 ***
IL-4 0.0 (0–2.8) 1.095 (0–9.5) 0.0 (0–2.8) <.0001 **** >.9999 NS <.0001 ****
IL-5 0.0 (0–83) 1.34 (0–52) 0.0 (0–86) <.0001 **** >.9999 NS <.0001 ****
IL-10 0.0 (0–11.5) 1.505 (0–3.12) 0.0 (0–8.9) <.0001 **** .3228 NS .0027 **
IL-6 0.0 (0–472) 0.89 (0–32) 0.0 (0–16.2) .0042 ** >.9999 NS .001 ***
IL-15 0.0 (0–34.1) 0.0 (0–23.5) 0.0 (0–9.5) .0003 *** >.9999 NS .0012 **
TNF-α 0.0 (0–65) 0.0 (0–30) 0.0 (0–0) .0824 NS .0551 NS <.0001 ****
IL-17A 0.0 (0–12) 0.0 (0–23) 0.0 (0–6.4) .6155 NS <.0001 **** .005 **
CSF3 19.74 (0–46) 14.56 (0–75) 0.0 (0–40) .1177 NS <.0001 **** .0009 ***
IL-1β 3.97 (0–177) 3.895 (0–30.1) 0.0 (0–24) >.9999 NS <.0001 **** <.0001 ****
IL-18 5.865 (0–93.5) 6.88 (0–38) 0.92 (0–48) >.9999 NS <.0001 **** <.0001 ****
TGF-β, ng/mL 675.1 (0–2607) 5.1644 (1.8–29.3) 2781.18 (465–5942) <.0001 **** .0001 *** .0009 ***
CCL5, ng/mL 3618.25 (132–10 970) 13.22182 (1.1–93) 10 748.08 (1270–37 729) <.0001 **** <.0001 **** >.9999 NS
IL-1α 0.0 (0–0) 0.0 (0–4.2) 0.0 (0–52) .1746 NS .6157 NS >.9999 NS
CXCL8 29.995 (0–1332) 21.405 (0–1332) 18.94 (0–255) >.9999 NS >.9999 NS >.9999 NS
IL-17F 0.39 (0–2.2) 0.22 (0–2.3) 0.22 (0–1.6) >.9999 NS .5025 NS .3322 NS
IFN-α 0.0 (0–0.855) 0.0 (0–0.55) 0.0 (0–0.38) >.9999 NS >.9999 NS >.9999 NS
CXCL10 6.11 (2.5–171) 49.775 (2–205) 6.91 (0–95) .1969 NS >.9999 NS .1112 NS

n = 39, 40, and 29 sera for the noninfected, acute, and chronic groups, respectively. The comparisons between noninfected, acutely infected, and chronically infected groups were analyzed by 
Kruskal-Wallis test with Dunn correction for multiple comparisons. * P < .05, ** P < .01,*** P < .001, **** P < .0001.  

Abbreviation: CCL, CC chemokine ligand; CSF, colony-stimulating factor; CXCL, C-X-C motif chemokine ligand; IFN, interferon; IL, interleukin; NS, not significant; TGF, transforming growth 
factor.
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Figure 2. Correlation profiles between Toxoplasma-specific IgG and cytokine levels in patients with an acute toxoplasmosis. Cytokines are displayed as in Figure 1: (A) 
cytokines showing significant upregulation only in the acute phase of infection; (B) cytokines with significant downregulation in the chronic phase; and (C ) cytokines with 
significantly elevated levels in both the acute and chronic groups compared to the noninfected group. Correlations were analyzed by Spearman correlation test. * P < .05, 
** P < .01, *** P < .001. Abbreviations: CCL, CC chemokine ligand; CSF, colony-stimulating factor; CXCL, C-X-C motif chemokine ligand; IFN, interferon; IgG, immunoglobulin 
G; IL, interleukin; ns, not significant; TGF, transforming growth factor; TNF, tumor necrosis factor.
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exert an in!uence. This was evident in the different studies 
looking at peripheral cytokine response in acutely or chronical-
ly infected populations. Most of them were performed in South 
America, where high infection rates and virulent parasite 
strains facilitate the enrollment of sufficient numbers of pa-
tients. However, the highly variable strains in this region 
make it more difficult to draw conclusions regarding the pa-
tients’ response. The particular character of the South 
American setting has been demonstrated repeatedly by com-
parison with European or North American patients [3,4]. 
The latter study [3], comparing US and Colombian pregnant 
women, showed a relatively small impact of infection on serum 
cytokine levels in Colombia. Similar observations were made 
when exploring cytokine aqueous humor levels, as evidenced 
by one of our previous studies and by others in South 
America [18,20–22]. Interestingly, US patients, however, 
showed diminished levels of a substantial number of immune 
mediators, which we did not observe for any mediator in our 
French patients. However, heterogeneity of parasite strains 
cannot be excluded in this US setting, where approximately 
50% of infections were due to non-type II strains [8]. In 
French, and other European populations, as in our study, there 
was nearly homogenous type II infection, even if a few non- 
type II infections may have been included [23,24]. 
Furthermore, the routine French surveillance protocol for T. 
gondii infections in pregnant women enabled us to recruit pa-
tients in different infection phases, with minimal interference 
of concomitant infections. Avidity measurement allowed us 
to delimit more precisely the time frame of the acute phase to 
about 3 to 4 months following infection according to the man-
ufacturer’s instructions for the different detection kits, in con-
trast to IgM expression only, where the time frame can reach 1 
year and may thus misinterpret early chronic infection as acute 
infection. It is also noteworthy that some of the cytokines that 
were poorly or not expressed in our noninfected group showed 
substantial serum concentrations in the American noninfected 
cohort [3]. This disparity, perhaps due to patient recruitment 
bias, could explain some of the differences compared to our 
observations.

While focusing specifically on the different cytokines during 
the distinct phases of infection, we could identify different pat-
terns of reactivity. Pattern A, with elevated serum concentra-
tions only during the acute phase, comprises classical Th1 
cytokines, such as IFN-γ, IL-12, CXCL9 (MIG), and CCL2 
(MCP1). CXCL9 was also reported to be elevated in infected 
Brazilian patients, both adults [17,25] and newborns [16]. 
Interestingly, there also seemed to be a counterbalancing Th2 
response during acute infection, as evidenced by elevated IL-4 
and IL-5 levels, with similar observations also made in some 
mouse studies [26,27]. In contrast, our observation of increased 
IFN-β levels during this phase has not been reported in the 
aforementioned studies. This type I IFN has very well-described 

antiviral properties; however, its role in Toxoplasma infection is 
still controversial [28,29]. Our results indicate its involvement 
in the acute infection phase. Pattern B is characterized by signif-
icantly lower serum levels during the chronic phase, as com-
pared to both the noninfected and acute groups. In contrast, 
the levels did not significantly differ between the acute phase 
and noninfected groups. Interestingly, we identified several in-
!ammatory mediators, such as TNF-α, IL-17A, and CSF3, in 
this group. The pattern C mediators, whose serum levels re-
mained elevated during the chronic phase, contained the anti- 
in!ammatory cytokine TGF-β. These findings demonstrate 
that this long-lasting chronic infection creates a new immuno-
logical equilibrium towards an anti-in!ammatory response. 
This changing equilibrium seems to be strain dependent. A 
Brazilian study of pregnant women actually also found lower 
TNF-α concentrations in chronically infected patients, but, in 
contrast to our results, a strong depression of IFN-γ production 
[3]. Additionally, TGF-β levels were only enhanced during 
acute infection, but not during the chronic phase [17]. The ob-
served suppression of potentially harmful in!ammatory re-
sponses is evidently protective, but could render an infected 
person more vulnerable to certain infections and other chal-
lenges, and it would therefore be interesting to compare T. gon-
dii with other infections. Previous results have also established a 
link between certain clinical contexts and failure to reach such 
equilibrium. For example, an increased expression of the IL-6 
and IL-1β genes was observed in pregnant women infected 
with T. gondii who have had a miscarriage [30]. During ocular 
toxoplasmosis, ocular cytokine profiles were characterized by 
increased levels of IL-17, IL-33, IL-10, CXCL9, and CXCL10 
[16,22,31,32], and decreased levels of CCL11, CCL26, MIF, 
and CXCL12 [16]. Moreover, lower levels of CCL2 were associ-
ated with active ocular toxoplasmosis lesions, but more data are 
needed to define the subtle links between peripheral cytokine 
levels and localized disease, especially as these markers could 
differ between the local, ocular compartment, and peripheral 
circulation. A study on acute ocular toxoplasmosis reported en-
hanced TGF-β expression in peripheral blood mononuclear 
cells, while the corresponding aqueous humor levels were di-
minished [22]. The dynamics between local and circulating im-
mune cells could explain the distinct local manifestations of 
Toxoplasma infection.

Our results demonstrated that the acute phase was the most 
dynamic part of the immune reaction during T. gondii infec-
tion. While this has been shown previously, no study specifi-
cally looked at the dynamics within this phase. Indeed, we 
observed a great variability of values, or sometimes 2 or more 
distinct populations, during this phase, whereas this was very 
rarely the case in noninfected and chronically infected patients. 
This led us to conclude that the heterogeneous cytokine levels 
were due to clear-cut dynamics within the acute phase. These 
were especially evident in pattern A, where the markedly 
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increased cytokine levels were clearly confined to the early 
phase of acute infection. Even if we cannot determine the exact 
timing corresponding to these IgG titers, the initially increased 
cytokine levels in this pattern seem to drop at an early time 
point. This result could be important to interpret the acute 
phase in future studies, as well as to determine the infection sta-
tus of individual patients in difficult diagnostic situations, like 
persistent IgM production or acute infection without IgM 
antibodies.

In conclusion, we characterized the serum cytokine levels in 
a European setting with predominantly type II strains and ob-
served substantial secretion of Th1 and Th2 cytokines during 
acute infection, as well as an anti-in!ammatory bias during 
chronic infection. Additionally, our results found that most cy-
tokine activation occurred in the initial phase of the acute infec-
tion. These results could pave the way to better understand the 
immune dynamics of T. gondii infection, especially when in-
cluding subsequent localized pathologies such as ocular toxo-
plasmosis in further studies, and thus help to guide diagnosis 
and treatment.
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A ccessio n nb  Prot ein d escrip t ion 
no  syno ymo us 

SN P 

no  synoymous 

SN P 

Present  o n � 3  

st rains

A ccession nb  Prot ein descr ip t io n 
no  synoymous 

SN P 

no  syno ymo us 

SN P 

Present  on � 3  

st rains

TGM E49_222170 DG32 antigen yes no TGM E49_310010 RON1 yes yes

TGM E49_297880 DG32 protein yes no TGM E49_300100 RON2 yes yes

TGM E49_270250 GRA1 yes no TGM E49_294400 RON2L1 yes yes

TGM E49_227280 GRA3 21,26 yes yes TGM E49_223920 RON3 yes yes

TGM E49_310780 GRA4 yes yes TGM E49_229010 RON4 yes yes

TGM E49_286450 GRA5 21,24,27,28 yes yes TGM E49_253370 RON4L1 yes no

TGM E49_275440 GRA6 20,21,22,23,24,25,26,27,28 yes yes TGM E49_311470 RON5 yes no 

TGM E49_203310 GRA7 20,21,22,23,24,25,26 yes yes TGM E49_306060 RON8 yes yes

TGM E49_254720 GRA8 21 yes yes TGM E49_230350 RON11 yes yes

TGM E49_251540 GRA9 21 yes no TGM E49_309590 ROP1 21,26 yes yes

TGM E49_288650 GRA12 yes yes TGM E49_295125 ROP4 yes no 

TGM E49_220890 GRA12A yes yes TGM E49_308090 ROP5 21 yes yes

TGM E49_275860 GRA12B yes no TGM E49_258660 ROP6 yes no 

TGM E49_239740 GRA14 21 yes yes TGM E49_295110 ROP7 yes yes

TGM E49_208830 GRA16 yes yes TGM E49_215775 ROP8 21 yes yes

TGM E49_288840 GRA18 yes no TGM E49_243730 ROP9 21 no no 

TGM E49_227620 GRA2 yes no TGM E49_227810 ROP11 21 no no 

TGM E49_215220 GRA22 yes yes TGM E49_203990 ROP12 yes no 

TGM E49_230180 GRA24 yes yes TGM E49_312270 ROP13 yes no 

TGM E49_290700 GRA25 yes yes TGM E49_315220 ROP14 yes yes

TGM E49_269690 GRA29 yes yes TGM E49_211290 ROP15 yes no 

TGM E49_232000 GRA30 yes yes TGM E49_262730 ROP16 21 yes yes

TGM E49_220240 GRA31 21 yes yes TGM E49_258580 ROP17 21 yes no 

TGM E49_212300 GRA32 yes no TGM E49_205250 ROP18 21 yes yes

TGM E49_247440 GRA33 yes yes TGM E49_263220 ROP21 yes yes

TGM E49_203290 GRA34 yes yes TGM E49_252360 ROP24 yes no 

TGM E49_226380 GRA35 yes yes TGM E49_202780 ROP25 21 yes yes

TGM E49_213067 GRA36 yes no TGM E49_211260 ROP26 21 yes yes

TGM E49_312420 GRA38 yes yes TGM E49_215785 ROP2A no no 

TGM E49_313440 GRA38 yes no TGM E49_201130 ROP33 no no 

TGM E49_289380 GRA39 yes yes TGM E49_240090 ROP34 yes yes

TGM E49_219810 GRA40 yes yes TGM E49_304740 ROP35 yes yes

TGM E49_236870 GRA42 yes no TGM E49_262050 ROP39 21 yes yes

TGM E49_237015 GRA43 yes yes TGM E49_291960 ROP40 21 yes yes

TGM E49_203600 GRA50 yes yes TGM E49_210370 ROP54 yes no 

TGM E49_319340 GRA52 yes yes TGM E49_321480 SRS12B yes yes

TGM E49_204340 GRA54 yes yes TGM E49_319350 SRS17B yes yes

TGM E49_309760 GRA55 21 yes no TGM E49_285870 SRS20A yes yes

TGM E49_217680 GRA57 yes yes TGM E49_213280 SRS25 21 yes no 

TGM E49_268790 GRA58* yes yes TGM E49_258550 SRS28 yes no 

TGM E49_316250 GRA59 yes yes TGM E49_233450 SRS29A 21 yes no 

TGM E49_269950 GRA61 yes yes TGM E49_233460 SRS29B 21 yes yes

TGM E49_217530 GRA63 yes no TGM E49_233480 SRS29C 21 yes yes

TGM E49_202620 GRA64 21 yes yes TGM E49_271050 SRS34A 21 yes yes

TGM E49_241240 GRA65 yes yes TGM E49_280570 SRS35A 21 yes yes

TGM E49_308970 GRA68 21 yes yes TGM E49_264660 SRS44 yes yes

TGM E49_249990 GRA70 yes no TGM E49_308840 SRS51 21 yes yes

TGM E49_309600 GRA71 yes yes TGM E49_315320 SRS52A yes no 

TGM E49_272460 GRA72 yes no TGM E49_308020 SRS57 21 yes no

TGM E49_291890 M IC1 yes no TGM E49_226860 SRS67 yes no 

TGM E49_201780 M IC2 yes no 

TGM E49_214940 M IC2-M AP yes yes

TGM E49_319560 M IC3 21 yes no 

TGM E49_208030 M IC4 yes no

TGM E49_277080 M IC5 yes yes

TGM E49_218520 M IC6 yes yes

TGM E49_245490 M IC8 yes no 

TGM E49_260190 M IC13 yes yes

TGM E49_247195 M IC15 yes yes

TGM E49_200230 M IC17 yes yes

TGM E49_294790 M IC19 yes no 

TGM E49_283540 M IC20 yes no 

TGM E49_208730  putat ive yes yes

TGM E49_208740  putat ive yes no 
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Contribution of serology in congenital toxoplasmosis diagnosis: 
results from a 10-year French retrospective study
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ABSTRACT This study aimed to evaluate di"erent serological strategies for the 
postnatal diagnosis of congenital toxoplasmosis (CT) and establish a biological algorithm 
for CT diagnosis. The study analyzed serological data of immunoglobulins M, A, and G 
(IgM, IgA, IgG) performed by immunoenzymatic and compared immunological pro#le 
(CIP) assays in 668 newborns with CT diagnosis across four testing periods: P1 (D0– D10), 
P2 (D11–D35), P3 (D36–D45), and P4 (>D45). Forty-nine percent of the 668 CT cases 
were diagnosed during P1 and 34%, 4%, and 12% during P2, P3, and P4, respectively. 
CIP assays detected neosynthetized IgMs/IgGs in 98% of CT cases diagnosed during P1, 
while IgMs and IgAs were detected in 90% and 57% of CT cases diagnosed during P2 and 
in 88% and 67% of diagnoses made during P3, respectively. Detection of neosynthesized 
IgMs/IgGs, IgMs, and IgAs by immunoassay contributed to CT diagnosis in 81%, 77%, 
and 60% of cases, respectively. In total, 46% of serum samples were positive for all three 
parameters, 27% for two, and 27% for one of the three. The study recommends using the 
CIP assay as standard during P1 for CT diagnosis and IgM and IgA immunoassays after 
P1. A clinical and biological follow-up in a specialized center with a close collaboration 
between biologists and clinicians is highly recommended to increase the chances of 
early diagnosis. Overall, this study provides useful information for the development of a 
biological algorithm for CT diagnosis, which can aid in early detection and appropriate 
treatment of this disease.

KEYWORDS congenital toxoplasmosis, serological diagnosis, immunoblot, IgM, IgA, 
CIP assay

C ongenital toxoplasmosis (CT) is related to the transmission of Toxoplasma gondii to 
the fetus during pregnancy in cases of maternal primo infection during pregnancy 

(1).
Whenever there is a maternal toxoplasmic primo or an evolutive infection dur

ing pregnancy, CT must be investigated. Prenatal CT diagnosis is based on parasitic 
deoxyribonucleic acid detection in the amniotic $uid by using polymerase chain reaction 
(PCR)-based tests. Postnatal CT diagnosis can be established also by the same technique 
but performed on the umbilical cord blood, the newborn’s peripheral blood, or the 
amniotic $uid collected during childbirth. To con#rm the CT diagnosis in case of negative 
results or the absence of PCR test, serology appears as the most e!cient diagnosis 
method. The serological work-up includes (i) testing for neosynthesized anti-Toxoplasma 
immunoglobulin IgGs (during the #rst 3 months) and/or IgMs (only during the #rst 
month) using compared immunological pro#les (CIP) assays, (ii) testing for speci#c 
IgMs and/or IgAs using immunoanalysis, and (iii) IgG kinetics work-up (2–6). In cases 
of con#rmed CT, it is advised to start speci#c treatment as soon as possible after birth (5, 
7) and clinical and ophthalmological follow-up are recommended (8).
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Our objective in this study was to evaluate the e!cacy and contribution of the 
di"erent serological assays to CT diagnosis during the postnatal period when the kinetics 
alone of IgG does not allow to con#rm the diagnosis of CT and to propose standardiza
tion of the management of newborns with suspected CT.

MATERIALS AND METHODS

Study design

This retrospective study analyzed 10 years’ (2007–2017) worth of newborn cases 
presenting a postnatal CT diagnosis in 23 French University Hospitals via the TOXOSURV 
network set up in 2006 by the French national toxoplasmosis reference center (Centre 
National de Référence—CNR Toxoplasmose) (9).

We collected clinical and biological data including serological results from the 
mothers and their infants at childbirth, as well as at di"erent follow-up time points, 
along with data regarding the di"erent serological techniques used. Serological data 
(IgMs/IgAs using immunoanalysis testing and neosynthetized IgMs/IgGs using CIP tests) 
from samples taken from birth were analyzed. Several assays were used to measure IgMs/
IgAs depending on the laboratory (1, reagents validated in newborns; 2, IgM assay; 3, IgA 
assay): agglutination ISAGA (BioMerieux)1,2,3, Platelia (BioRad)1,2,3, VIDAS/VIDIA (BioMér
ieux)2, AxSYM/Architect (Abbott)2, ACCESS/DXI (Beckman Coulter)2, Elecsys Cobas (Roche 
Diagnostic)2, Liaison (Diasorin)2, and Immulite (Siemens)2. CIP assays were performed to 
detect neosynthetized IgMs/IgGs using Toxoplasma Western Blot IgG-IgM (LDBIO) or an 
enzyme-linked immuno-#ltration assay technique (10).

Serological parameters studied

The e!cacy of IgMs/IgAs detection assays and CIP techniques was analyzed based on 
the sample that led to the CT diagnosis, depending on the time period in which the 
analysis was performed. Four periods were de#ned: the P1 period (10 #rst days of life of 
the newborn), the P2 period (11th–35th day), the P3 period (36th–45th day), and the P4 
period (46th–90th day).

Exclusion criteria

Analysis reports were excluded from the study when the following information was 
missing: age of the newborn at sampling time, type of serological assay, or in the case 
of incomplete serological results. Cases diagnosed antenatally were excluded. Analysis 
reports in which the neonatal molecular biological diagnosis was positive were also 
excluded if no sera were collected at the same time as initiated treatments could have 
interfered with the serological results (11, 12). Finally, the reports of newborns whose 
CT diagnosis had been established solely based on IgG kinetics using immunoenzymatic 
techniques were also excluded because they did not comply with the four periods 
de#ned. Finally, sera sampled after CT diagnoses were excluded from the analysis of 
the contribution of each parameter (positive rates and Venn analysis) regardless of the 
periods as antiparasitic treatment could interfere with the following serological results.

RESULTS

Study population

A total of 2,203 CT records were collected during 10 years from 27 centers (all experts 
in toxoplasmosis diagnosis), 1,022 of which were complete. Among these, 354 were 
excluded. Overall, 668 records of CT from 23 centers were analyzed, consisting of 2,525 
serum samples (Fig. 1).

Serological diagnosis of CT

The serological work-up included IgM/IgA detection by immunoanalysis and investiga
tion of any neosynthesized IgMs/IgGs using CIP assay. Toxoplasma testing was performed 
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by all centers for IgMs and by 74% of the centers for IgAs. IgM and IgA were measured 
on the #rst three samples in 98% and 88% of cases, respectively. Reagents validated for 
newborns were used in 87% and 70% of assays, respectively.

Our analysis of the centers’ di"erent practices demonstrated that 87% of laborato
ries performed CIP assays to detect neosynthesized IgMs and/or IgGs. The test was 
performed on the #rst serum sample (S1) in only 62% (414/668) of cases. Depending 
on the center, we noted four strategies for CIP tests realization: (i) one test performed 
at birth; (ii) one performed during P1 with a control test performed during P2 when 
necessary; (iii) one performed at birth with control tests performed during P2 and P3; (iv) 
only one CIP test performed during P1 or P2.

Practices analysis

On average, four serum samples (range: 1–21) were drawn from each of the 668 
newborns during their follow-up. The #rst (S1) and second samples (S2) were taken 
during P1 in 87% and 61% of cases, respectively. Of note, 77% of S1 samples were 

FIG 1 Study design. *We noticed 18 late CT diagnoses:10/18 with no CIP, IgM and IgA serological monitoring according to good practice (negative serology on 

P1 with no control before D90), and 8/18 with a correct but negative serological follow-up.

Full-Length Text Journal of Clinical Microbiology

Month XXXX  Volume 0  Issue 0 10.1128/jcm.00354-23 3

D
ow

nl
oa

de
d 

fro
m

 h
ttp

s:/
/jo

ur
na

ls.
as

m
.o

rg
/jo

ur
na

l/j
cm

 o
n 

01
 O

ct
ob

er
 2

02
3 

by
 1

30
.7

9.
54

.1
0.



collected within the #rst 3 days of life. The median follow-up time between S1 and S2 
was 14 days compared to 30 days between S2 and S3. We also noticed one or more 
control serum samples were collected in 73% of patients once the CT diagnosis was 
established.

CT diagnosis

CT diagnosis was established in 83% (555/668) of cases during P1 or P2 based on one of 
the three #rst serum samples taken: 48% (322/668) on S1, 27% (180/668) on S2, and 8% 
(53/668) on S3 (Fig. 2).

CT was diagnosed late during P4 in 12% (81/668) of cases. For 2% (16/668), S1 
was taken during P4. In 10% (65/668) of newborns, S1 drawn during P1 was negative 
(for neosynthetized IgMs/IgGs and IgAs/IgMs detection) and the serum that led to the 
diagnosis was taken at P4 with a median time of 60 d after S1.

Finally, 6% (40/668) of CT diagnoses were established based on IgMs and/or IgAs 
detection during P1 with no serological con#rmation of the positive result thereafter.

Participation of the three parameters to CT diagnosis

P1 period

CT diagnosis was established during P1 for 49% (331/668) of newborns. Over this period, 
98% (325/331) of serum samples bene#ted from an IgM test, 71% (235/331) from an 
IgA test, and 89% (296/331) from a CIP test. When a CIP assay was performed, neosynthe
tized IgGs/IgMs were detected for 98% (291/296) of CT cases. When IgM assays were 
performed, results were positive in 88% (285/325) of cases, compared to 69% (163/235) 
of cases with positive IgA tests (Fig. 3A). In 12% (39/331) of cases, CIP assay was the only 
positive test. Presence of IgMs and/or IgAs led to CT diagnosis in 12% (40/331) of cases 
when the CIP test was negative (positive IgM and/or IgA tests con#rmed during P1) (Fig. 
3B).

P2 period

For 34% (230/668) of CT cases, the diagnosis was established during P2. A CIP test was 
performed in 43% (98/230) of cases enabling the detection of neosynthesized antibodies 
in 82% (80/98) of cases. T IgM and/or IgA tests were performed in 97% (223/230) and 
80% (183/230) of patients, respectively, with positive results in 91% (202/223) of cases for 
IgMs and in 57% (105/183) for IgAs (Fig. 3A). During this period, each patient bene#ted 
from an IgM and/or IgA test with a positive result for 90% (208/230) of them. IgM and/or 
IgA tests allowed for 65% (150/230) of CT diagnoses during P2 in patients with a negative 
or absence of CIP test (Fig. 3B).

FIG 2 Categorization of the serum samples that led to CT diagnosis according to the period. CT, congenital toxoplasmosis; P, period (P1 = D0–D10; P2 = 

D11–D35; P3 = D36–D45; P4 = D46–D90).
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P3 period

During this period, 4% (26/668) of CT cases were diagnosed. All serum samples were 
tested for IgMs versus 81% (21/26) for IgAs and 23% (6/26) for CIP assay. IgM and IgA 
testing were positive in 88% (23/26) and 67% (14/21) of cases, respectively, as was CIP 
assay (4/6) (Fig. 3).

P4 period

During P4, 12% (81/668) of CT cases were diagnosed. IgM serological tests were 
performed for 99% (80/81) of patients during this period, yielding positive results in 

FIG 3 (A) Positivity rates of the total of compared immunological pro#le, IgMs, and IgA on sera that led to the CT diagnosis (positive sera/number of sera for 

which the technique was performed) immunoanalyses. (B) Proportions of positive techniques by combination on the sera that led to the CT diagnosis. Tests were 

considered positive or negative/not realized. P, period (P1 = D0–D10, n = 331; P2 = D11–D35, n = 230; P3 = D36–D45, n = 26; P4 = D46–D90, n = 81).
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72% (58/80) of the cases. IgA tests were performed for 80% (65/81) of patients, with a 
positivity rate of 62% (40/65). During P4, 40% (32/81) of serological tests included CIP 
assays, which had a positivity rate of 63% (20/32) (Fig. 3).

Diagnostic contribution of each assay

All three assays (CIP, IgM tests, and IgA tests) were performed in parallel on 21% 
(518/2,525) of the samples, representing 299 CT cases and enabling us to compare their 
respective contributions to the CT detection. CIP assays allowed the diagnosis in 81% 
(421/518), IgM tests in 77% (397/518), and IgA tests in 60% (309/518) of cases. Only 45% 
(235/518) of samples tested positive with all three techniques, while 27% (139/518) were 
positive for two (15% CIP and IgM tests, 10% IgM and IgA tests, 2% CIP and IgA tests). In 
28% (144/518) of cases, only one assay was positive (19% for CIP, 6% for IgM tests, 2% for 
IgA tests) (Fig. 4A). During P1, all three assays were performed in 208 CT cases. CIP assays 
were positive for 98% (203/208) of them (Fig. 4B). For the 69 CT diagnosed during P2, CIP 
tests were positive for 77% (53/69) samples compared to 76% (52/69) and 54% (37/69) 
for IgM and IgA tests, respectively (Fig. 4C).

DISCUSSION

Follow-up frequency

Our study enabled us to show the wide variety in how di"erent expert centers operate 
in terms of follow-up frequency during a newborn’s #rst 3 months of life. Follow-up was 
most often structured based on the protocols established in each center. A majority 
of newborns (87%) were provided with at least one serological screening work-up 
during P1, and half of CT cases were diagnosed during this time. This early diagnosis is 
important because it allows for rapid treatment implementation. The sample frequency 
varied quite widely across the centers. Our study revealed that CT diagnosis was 
established during the #rst month of life for the majority of infants (83%), thus emphasiz
ing how important it is to implement close neonatal and postnatal follow-ups. We also 
noted that 12% of CT cases were diagnosed late, i.e., during P4. For all of these cases, 
newborns had been lost to follow-up after being discharged and did not bene#t from 
early serological work-up, hence the late diagnosis. By performing an initial sampling 
during the P1 period and a work-up during the following month, a majority of CT cases 
can, thus, be diagnosed. Furthermore, late diagnoses can be reduced by strengthening 
cohesion between laboratories, obstetric-gynecological and pediatric departments, and 
implementing postnatal diagnosis protocols.

Test e!cacy and CT diagnostic contribution

For the centers where the CIP technique is available, this test is systematically carried out 
during the #rst month of life. However, a wide variety of strategies have been observed 
regarding the infant’s age at the time of the #rst test and the frequency with which this 
test was performed.

CIP test greatly contributed diagnosis, providing positive results in 81% of cases and 
representing the only positive parameter in 19% of cases. Its value was found to be 
especially high during P1, with a positivity rate of 98%. When comparing infected and 
not infected population, previous study reported positivity rates from 33% to 79% (10, 
13–15). During this period, it was the only parameter able to con#rm CT diagnosis by 
revealing neosynthesized IgMs/IgGs (13–15). The positive immunoenzymatic tests from 
this period, for example, did not enable immunoglobulin originating from the mother to 
be distinguished from those synthesized by the newborn.

All the laboratory centers measured IgM levels and, in 87% of cases, they did so 
by using a technique validated for use in newborns under 1-year old (Toxo-ISAGA, 
BioMérieux and PlateliaTM Toxo, BioRad) (10). Performances for new CT diagnosis 
were identical when comparing P1 and P2 (88% and 91%, respectively). It was, on 
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average, comparable to the sensitivity rates reported in previous studies that com
pared eperformances on infected and not infected populations (76.9%–100%) (10, 16, 
17,18,19). Moreover, 74% of the laboratories measured IgA levels, and in 70% of cases, 
they used a technique that had been validated for use in newborns. Positivity rates were 
almost identical when comparing P1 and P2 (69% and 80%, respectively), yet poorer 
than the sensitivity of the IgM tests (20). Nevertheless, during P1, newborn serum can be 
contaminated with the mother’s serum, which could lead to false positive tests. Thus, IgM 
and IgA tests must be interpreted with precaution during this period.

During P2, CT diagnosis was established based on IgM and/or IgA levels in 65% of 
cases, highlighting the importance of these analyses during this time period. We noted 

FIG 4 Venn diagram. Contributions of the CIP assays, IgM, and IgA serological tests to CT diagnosis. (A) For the four periods (n = 299 CT, i.e., 518 serum samples). 

(B) For the P1 period (n = 208 CT, i.e., 208 serum samples). (C) For the P2 period (n = 69 CT, i.e., 69 serum samples). Ig, immunoglobulin.
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the same results for P3 and P4 for patients with a correct serological follow-up (data 
not shown) which supports the continuation of serological screening despite several 
previous negative tests. In the postnatal diagnosis of CT, IgA measurement techniques 
were less sensitive and contributed less to CT diagnosis than IgM and CIP tests, with 

FIG 5 Recommandations from National Reference Center to CT serological diagnosis on an infant with 

negative or no prenatal diagnosis. *Risk of contamination by maternal immunoglobulins. **IgG must be 

measured in parallel on successive sera with the same technique.
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rates of diagnosis contribution of 60%, 77%, and 81%, respectively (irrespective of time 
period). However, testing for IgAs was found to solely be positive in 2% of the samples 
for which the other two techniques (IgM tests and CIP) produced negative results. IgA 
testing can be a good complement to IgM and CIP tests, notably in cases of negative 
results from other work-ups (21).

We excluded 18 CT cases from the analysis due to a diagnosis made solely by IgG 
kinetics. For 8 of them, the serological follow-up was correct, but the tests were negative 
highlighting the risk of false negatives for these techniques. However, only 1–2 tests were 
performed on these cases, emphasizing the complementarity of these tests.

This study evaluated the contribution of the di"erent serological parameters for CT 
diagnosis on infants with no positive antenatal screening. It is the #rst to include such 
a large number of CT cases allowing, thus, the determination of the most suitable 
paired serological parameters according to the post-natal periods. We could not evaluate 
formerly sensitivity and speci#city as only infants with a CT diagnosis were included, yet 
we observed high positivity rates of each parameter. These good performances could 
be explained by a short exposure to maternal treatment as most infants included were 
contaminated during the third trimester of pregnancy. So, these results could, therefore, 
be particularly interesting in suspected CT when prenatal diagnosis was not performed.

Conclusion

This study enabled the CNR expert group to propose recommendations for postnatal CT 
diagnosis in case of negative or not performed prenatal diagnosis (Fig. 5).

Between day 0 and day 10, the CIP assay to detect IgM/IgG neosynthesis contributed 
the most to the CT diagnosis (98%) and should be standard for CT diagnosis. After 
day 10, testing for IgM and IgA is recommended and may be associated with CIP tests 
to detect the neosynthesis of IgMs/IgGs as well as testing for IgGs, which must be 
monitored monthly. Given the complexity of serological diagnosis, the expert group 
recommends clinical and biological follow-ups in a reference center, with collaboration 
between biologists, obstetricians, and pediatricians. This is of utmost importance to set 
up a close follow-up of the newborn whose mother seroconverted during pregnancy in 
order to detect and treat as soon as possible the CT.
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Julie DENIS 
Identification de marqueurs de 

l’infection par T. gondii 
 

 

L’infection à T. gondii est bégnine mais peut s’avérer grave et même fatale chez certains patients. Son 

diagnostic est sérologique et permet de préciser le stade de l’infection : évolutif (TE) ou chronique (TCh). 

Préciser le stade peut nécessiter des examens complémentaires ou multiples. Pour déterminer de nouveaux 

marqueurs du stade infectieux, nous avons exploré la dynamique d’évolution de 23 cytokines dans le sérum 

de femmes enceintes non infectées (NI), en phase de TE et TCh. En phase TE, la réponse Th1 est 

significativement augmentée et on montre une diminution rapide et significative des cytokines avec le titre 

des IgG. En phase de TCh, les taux de TNF-α, l’IL-17A et le CSF3 sont inférieurs à ceux des NI et TE. 

 T. gondii est une espèce unique qui présente une diversité de génotype en lien avec la virulence 

clinique. Pour développer un test indirect de typage, nous avons utilisé une approche expérimentale qui nous 

a permis d’identifier 727 protéines antigéniques de T. gondii. L’analyse du polymorphisme de ces protéines à 

partir de données WGS de 117 souches génotypées n’a pas permis d’identifier de mutation type spécifique 

permettant de discriminer les différents types de souches 

Mots clés : T. gondii, Toxoplasmose aigue, Toxoplasmose chronique, Cytokinome, Sérotypage 

 

T. gondii infection is mild but can be serious and even fatal in some patients. Its diagnosis is serological 

and makes it possible to specify the stage of the infection: acute (TA) or chronic (TCh). Specifying the stage 

may require additional or multiple examinations. To determine new markers of the infectious stage, we 

explored the dynamics of the evolution of 23 cytokines from sera of uninfected pregnant women (NI), with 

acute (TA) or chronic infection (TCh). For TA, Th1 response is significantly increased and a rapid and 

significant decrease in cytokines correlates with IgG kinetics. For TCh, levels of TNF-α, IL-17A, and CSF3 are 

lower than NI and TA patients. 

T. gondii is a unique species that exhibits genotype diversity related to clinical virulence. To develop an 

indirect typing test, we used an experimental approach that allowed us to identify 727 antigenic proteins of 

T. gondii. The analysis of the polymorphism of these proteins using WGS data from 117 genotyped strains 

does not allow identification of any specific type mutation making it possible to discriminate between the 

different types of strain 
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