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M A J O R A R T I C L E
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Background. Ocular toxoplasmosis is a prominent and severe condition of high incidence in Brazil. The current study provides

new insights into the immunological events that can be associated with retinochoroiditis in the setting of congenital toxoplasmosis in

human infants.

Methods. Flow cytometry of intracytoplasmic cytokines in leukocyte subsets following in vitro short-term antigenic recall in

infants with congenital T. gondii infection.

Results. Our data demonstrates that whereas neutrophils and monocytes from T. gondii–infected infants display a combination

of proinflammatory and regulatory cytokine profiles, natural killer cells showed a predominantly proinflammatory profile upon in

vitro T. gondii stimulation. The proinflammatory response of CD4+ and CD8+ T cells, characterized by the production of interferon γ

(IFN-γ) and interleukin 17 in patients with an active retinochoroidal lesion, revealed the presence of IFN-γ and tumor necrosis factor

α during early and late immunological events. This specific proinflammatory pattern is associated with early events and active ret-

inochoroidal lesion, whereas a robust monocyte-derived interleukin 10–mediated profile is observed in children with cicatricial

ocular lesions.

Conclusions. These findings support the existence of a progressive immunological environment concomitant with the initial,

apical, and cicatricial phases in the process of retinochoroidal lesion formation in infants with congenital toxoplasmosis that may be

relevant in the establishment of stage-specific clinical management.
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Toxoplasma gondii infection is a leading cause of visual impair-

ment globally, being responsible for 30%–50% of posterior

uveitis cases in immunocompetent individuals. Ocular toxo-

plasmosis is a common complication in congenital and postna-

tally acquired toxoplasmosis [1]. The prevalence and severity of

toxoplasmosis varies greatly worldwide and is believed to be

under the influence of parasite genotype [2], host genetic back-

ground [3] and host immune system status [4].

Once the host is infected with T. gondii, a number of different

host cells are mobilized to contain the spread of the parasite.

The interaction between these cells is crucial to the hosts’

resistance against the infection. The immune response is initi-

ated by the activation of cells of the innate immune system,

which secrete proinflammatory cytokines to further polarize

this response [5]. Interleukin 12 (IL-12), produced by innate

immune cells, induces the recruitment and activation of adap-

tive immune cells, which are responsible for the neutralization

and elimination of T. gondii by interferon γ (IFN-γ)–dependent

mechanisms [6]. Ocular toxoplasmosis in humans has been as-

sociated with a proinflammatory cytokine profile orchestrated

by a regulatory profile composed by cytokines such as interleu-

kin 4 (IL-4) and interleukin 10 (IL-10) [7–8].

Very little is known about the systemic cytokine role in

human congenital toxoplasmosis. Answers to questions about

factors such as the important immunological events related to

or even causative of eye injury remain elusive.

Here we evaluated the intracellular cytokine production asso-

ciated with the type of eye lesion found in infants with con-

genital toxoplasmosis to understand the role of cytokines in

the early stages of ocular toxoplasmosis. This is a unique op-

portunity to study the immune response elicited by T. gondii
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infection during the early stages of congenital ocular disease in

an infant population.

METHODS

Study Population

This study was part of a broader investigation of neonatal

screening for congenital toxoplasmosis, which was conducted

by a multidisciplinary research group in the Brazilian state of

Minas Gerais (UFMG Congenital Toxoplasmosis Brazilian

Group). Air-dried whole-blood samples preserved on filter

paper were collected from newborns from Minas Gerais

(n = 146 307) and tested for anti–T. gondii immunoglobulin

M (IgM) antibodies, using the Toxo IgM kit (Q-Preven, Sym-

biosis, Leme, Brazil). Confirmatory serological tests (for detec-

tion of immunoglobulin G [IgG], immunoglobulin A [IgA],

and IgM, using the Vidas enzyme-linked fluorescent assay; bio-

Mérieux, Lyon, France) were performed 31–86 days after birth

(mean, 55.6 days), using serum samples collected from all in-

fants with positive or inconclusive screening test results. Infants

who displayed positive results of confirmatory serological tests

and had persistent anti–T. gondii IgG reactivity 12 months after

birth received a diagnosis of congenital toxoplasmosis. Infants

who displayed negative results on confirmatory serological anal-

ysis and had negative anti–T. gondii IgG reactivity 12 months

after birth were considered noninfected. Ophthalmologic exam-

inations were performed on all children as described previously

[9]. These infants were subdivided into 2 groups: (1) T. gondii–

infected infants (ie, the TOXO group), comprising 58 infants

with a diagnosis of congenital toxoplasmosis who had positive

results of both confirmative tests and persistent specific IgG

antibodies, and (2) noninfected healthy control infants (ie,

the NI group), which comprised 10 infants who tested negative

for anti–T. gondii IgG. Among the 58 children from group

TOXO, 15 had no retinochoroidal lesions (NRLs), 7 presented

with active retinochoroidal lesions (ARLs), 16 had simultaneous

active and cicatricial retinochoroidal lesions (ACRLs), and 20

had cicatricial retinochoroidal lesions (CRLs; Supplementary

Figure 1). Infants from the NI group did not have any type of

retinochoroidal lesions. The protocols used in this study were

approved by the local ethics committee (Federal University of

Minas Gerais, protocol 298/06), and mandatory written in-

formed consent was obtained from the mothers of all infants

included in this study.

Short-term Whole-Blood Culture In Vitro

Heparinized whole-blood samples (3 mL) were collected from

68 infants and used for short-term whole-blood culture in

vitro as previously described [10], with the following modifica-

tion: briefly, 1 mL of whole blood was distributed in polypropyl-

ene tubes (BD Bioscience, Bedford, Massachusetts) in the

presence of 1 mL of Roswell Park Memorial Institute medium

(control cultures [CCs]) or the presence of T. gondii tachyzoite

soluble antigen (STAg), produced as previously described [11],

at final concentration of 5 µg/mL (T. gondii–stimulated culture).

Blood samples were incubated for 12 hours in a 5% CO2 incu-

bator at 37°C (Forma Scientific USA). Following incubation,

Brefeldin A (Sigma, St Louis, Missouri) was added to each cul-

ture tube at a final concentration of 10 µg/mL. Blood samples

were reincubated for 4 hours at 37°C in a 5% CO2 humidified

incubator. All cultures, including CCs and STAg cultures, were

treated with 2 mM ethylenediaminetetraacetic acid (Sigma) and

kept at room temperature for 15 minutes before immunostain-

ing for intracellular cytokine analysis.

Intracellular Cytokine Staining

Following short-term stimulation in vitro, 500-µL aliquots of

the whole-blood cultures were stained for surface molecules

by incubation at room temperature for 30 minutes with anti–

CD16-TC, anti–CD14-TC, anti–CD4-TC, anti–CD8-TC, or

anti–CD19-TC. After surface staining, the red blood cells

were lysed, and the leukocytes were fixed with 3.5 mL of lys-

ing/fixing solution for 10 minutes at room temperature. The

leukocytes were washed once with phosphate-buffered saline

supplemented with 0.5% bovine serum albumin (PBS-W) and

permeabilized with 1 mL of PBS-P (PBS-W supplemented with

0.5% saponin; Sigma) for 10 minutes at room temperature.

Thiry-microliter aliquots of the fixed permeabilized cells were

transferred to 96-well round-bottomed plates and stained

separately with anti–tumor necrosis factor α (TNF-α)-PE,

anti–IFN-γ-PE, anti–interleukin 1 (IL-1)-PE, anti–IL-4-PE,

anti–interleukin 5 (IL-5)-PE, anti–interleukin 6 (IL-6)-

PE, anti–interleukin 8 (IL-8)-PE, anti–IL-10-PE, anti–IL-12-

PE, or anti–interleukin 17 (IL-17)-PE monoclonal antibodies

for 30 minutes at room temperature. The cells were then washed

once with PBS-P, followed by 1 wash with PBS-W, and were

fixed with 300 µL of FACs fixing solution (10 g/L paraformalde-

hyde, 10.2 g/L sodium cacodylate, and 6.63 g/L sodium chlo-

ride; pH 7.2). Samples were stored in the dark for at least 30

minutes (and up to 24 hours) at 4°C before flow cytometry.

At least 20 000 gated events were acquired using FACSCalibur

(BD Biosciences), and FlowJo software (version 9.4.1; TreeStar,

Ashland, Oregon) was used for data analysis. Lymphocytes were

first selected on the basis of their size and granularity laser-

scattering properties. Subsequently, the frequency of cytokine-

producing cells within gated lymphocyte subsets or monocytes

were calculated for CCs and STAg cultures. Further analysis was

performed to estimate the T. gondii–specific cytokine produc-

tion as the index of STAg-stimulated culture divided by the

CC (hereafter, the STAg/CC index).

Statistical Analysis

This was an observational investigation of the cytokine profile

associated with distinct clinical manifestations of congenital

toxoplasmosis. Statistical analyses between TOXO and NI

groups were performed by the Student t test. Comparative
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analyses among TOXO subgroups and the NI group were per-

formed by 1-way analysis of variance, followed by the Tukey

multiple comparison test. All data sets are presented as mean

values ± standard error. In all cases, differences were assigned

in the graphs by connecting lines considered statistically signifi-

cant at a P value of <.05. The software GraphPad Prism 5.0

Figure 1. Innate cytokine profile in infants with congenital toxoplasmosis. Results are expressed as the cytokine index, calculated as the ratio of soluble Toxoplasma antigen

over control culture (STAg/CC) for neutrophils, monocytes, and natural killer (NK) cells from 58 Toxoplasma gondii–infected infants (TOXO) and 10 noninfected infants (NI).

Values are expressed as mean ± standard error. *P < .05, **P < .01, and ***P < .001. Abbreviations: IFN-γ, interferon γ; IL-1β, interleukin 1β; IL-4, interleukin 4; IL-5, interleukin

5; IL-6, interleukin 6; IL-8, interleukin 8; IL-10, interleukin 10; IL-12, interleukin 12; IL-17, interleukin 17; TNF-α, tumor necrosis factor α.
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(GraphPad Software, San Diego, California) was used for statis-

tical analyses and graphical representations.

RESULTS

Neutrophils and Monocytes Produce a Mixture of Proinflammatory/

Regulatory Cytokines Whereas Natural Killer (NK) Cells Display a

Predominantly Proinflammatory Response Upon Soluble T. gondii

Stimuli

The cytokine profile of peripheral blood innate immunity cells

from infants with congenital toxoplasmosis after in vitro T. gon-

dii antigen recall is shown in Figure 1. The TOXO group pre-

sented a distinct pattern of intracellular cytokine production by

neutrophils, monocytes, and NK cells when compared to NI

controls. In fact, TOXO displayed a mixed cytokine pattern of

proinflammatory cytokines (TNF-α and IL-12 expression) and

an increased frequency of IL-4–, IL-5–, IL-10–, and IL-17–

producing neutrophils. Moreover, the TOXO group also pre-

sented a mixed cytokine production profile, composed of the

proinflammatory cytokines IL-1β, IL-6, TNF-α, and IL-12

counterbalanced by an increased production of the modulatory

cytokine IL-10 by monocytes. On the other hand, a clear proin-

flammatory response profile typified by increased IFN-γ– and

TNF-α–producing NK cells was observed in the TOXO group.

Soluble T. gondii Antigen Recall Triggers a Proinflammatory Response

in CD4+ and CD8+ T Cells Counterbalanced by B-Cell–Derived IL-10–

Mediated Regulation

Analyses of the adaptive immune cells are presented in the Fig-

ure 2. The TOXO group showed a distinctive proinflammatory

profile mediated by an increased frequency of TNF-α–and

IFN-γ–producing CD4+ and CD8+ T cells with a regulatory

role, mediated by enhanced levels of IL-10–producing B cells

upon exposure to soluble T. gondii stimuli.

Intracellular Cytokine Production Profile in Both Innate and Adaptive

Immunity Is Associated With the Clinical Status of Retinochoroidal

Lesions

The NRL subgroup had a predominant proinflammatory profile

characterized by an enhanced production of IL-1β–, TNF-α–,

Figure 2. Cytokine profile produced by adaptive immune cells from infants with congenital toxoplasmosis. Results are expressed as the cytokine index, calculated as the ratio

of soluble Toxoplasma antigen over control culture (STAg/CC) for CD4+ T cells, CD8+ T cells, and B cells for 58 Toxoplasma gondii-infected infants (TOXO) and 10 noninfected

infants (NI). Values are expressed as mean ± standard error. *P < .05, **P < .01, and ***P < .001. Abbreviations: IFN-γ, interferon γ; IL-4, interleukin 4; IL-5, interleukin 5; IL-8,

interleukin 8; IL-10, interleukin 10; IL-17, interleukin 17; TNF-α, tumor necrosis factor α.
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and IL-12–producing monocytes along with TNF-α–producing

NK cells and IL-4–producing neutrophils. The ARL subgroup

also had an evident proinflammatory profile with a distinct

cytokine signature: increased IL-6–producing and IL-12–

producing monocytes, IFN-γ–producing NK cells, and the

particularly unique presence of IL-5– and IL-17–producing

neutrophils. The ACRL and CRL subgroups both had a cytokine

profile composed of both proinflammatory and modulatory

mediators. The profile of the ACRL subgroup was composed

of proinflammatory TNF-α– and IL-12–producing neutrophils,

IL-12–producing monocytes, and IFN-γ–producing NK cells,

as well as the modulatory IL-10–producing monocytes. The

profile of the CRL subgroup was composed of increased

TNF-α–producing neutrophils, IL-1β– and IL-12–producing

monocytes, and modulatory IL-10–producing neutrophils and

monocytes (Figure 3).

The NRL subgroup displayed a clear TNF-α–mediated T-cell

response (CD4+ and CD8+ T cells), even though infants from

this subgroup did not have retinochoroidal lesions. They also

showed IFN-γ production by CD4+ T cells. The ARL subgroup

had an enhanced frequency of IFN-γ–producing CD4+

and CD8+ T cells and IL-17–producing CD4+ T cells.

IFN-γ–producing CD4+ T cells were noted in both groups

with cicatricial retinochoroidal lesions (ACRLs and CRLs). In-

fants with CRLs had enhanced levels of TNF-α–producing

CD4+ T cells. We did not observe any significant difference in

IL-10-producing B cells when the subgroups were compared

(Figure 4).

Figure 3. Innate cytokine profile in infants with congenital toxoplasmosis categorized according to status of retinochoroidal lesions. Results are expressed as the cytokine

index, calculated as the ratio of soluble Toxoplasma antigen over control culture (STAg/CC) for neutrophils, monocytes, and natural killer (NK) cells for Toxoplasma gondii–

infected infants (TOXO subgroups), classified according to findings of clinical ophthalmologic examination, as follows: no retinochoroidal lesions (NRL; n = 15), active retino-

choroidal lesions (ARLs; n = 7), simultaneous active and cicatricial retinochoroidal lesions (ACRLs; n = 16), and cicatricial retinochoroidal lesions (CRL; n = 20). Data are also

presented for 10 noninfected infants (NI). Values are expressed as mean ± standard error. Gray rectangles are used to highlight the major significant differences. *P < .05,

**P < .01, and ***P < .001. Abbreviations: IFN-γ, interferon γ; IL-1β, interleukin 1β; IL-4, interleukin 4; IL-5, interleukin 5; IL-6, interleukin 6; IL-8, interleukin 8; IL-10, interleukin

10; IL-12, interleukin 12; IL-17, interleukin 17; TNF-α, tumor necrosis factor α.

1966 • JID 2016:213 (15 June) • Carneiro et al

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jid
/a

rtic
le

/2
1
3
/1

2
/1

9
6
2
/2

5
7
2
1
4
4
 b

y
 U

n
iv

e
rs

id
a
d
e
 F

e
d
e
ra

l d
e
 M

in
a
s
 G

e
ra

is
 (U

F
M

G
) u

s
e
r o

n
 2

3
 J

u
n
e
 2

0
2
3



A TNF-α–Mediated Environment Characterizes the Early Stage, a IFN-γ

and IL-17 Environment Characterizes the Active Lesion Stage, and a

IL-10 Environment Characterizes the Late Cicatricial Stage of

Retinochoroiditis

The data described above allowed for a clear description of the

overall intracellular cytokine profile of peripheral blood immune

cells from infants with congenital toxoplasmosis categorized ac-

cording to retinochoroidal lesion clinical status (Figure 5). Our

findings include the presence of IL-1β–producing monocytes,

along with a range of TNF-α–producing cells (monocytes, NK

cells, CD4+ T cells, and CD8+ T cells) in patients with NRLs.

Moreover, IL-12–producing monocytes and CD4+ T-cell–derived

IFN-γ were observed in all clinical stages of retinochoroiditis. A

proinflammatory profile consisting of IFN-γ and IL-17 expression

was characteristic of patients with active lesions. It is important to

note the presence of IL-10–producing cells (neutrophils and

monocytes), along with IL-1β–producing monocytes and TNF-

α–producing neutrophils and CD4+ T cells, in patients with CRLs.

DISCUSSION

In the present work, we report that the intracellular cytokine pro-

duction profile is related to the ocular clinical status of infants

with congenital toxoplasmosis and therefore can be used to iden-

tify the degree of progression of the condition. We show that a

predominantly proinflammatory profile in innate immunity is

clearly associated with early events of retinochoroidal lesions

and ARLs, whereas a typical monocyte- and neutrophil-derived

IL-10 profile is the most prominent feature of cicatricial ocular

lesions. Moreover, the proinflammatory profile consisting of

IFN-γ–producing CD8+ T cells and IFN-γ– and IL-17–producing

CD4+ T cells is characteristic of patients with active retinochoroidal

lesion. In addition, IL-1β–producing monocytes are observed early

on and then again, at the cicatricial stage. Similarly, TNF-α from

different sources is observed early on in infants without retinochor-

oidal lesions and also at the cicatricial stage. IL-12–producing

monocytes and IFN-γ–producing CD4+ T cells are observed in

all stages of ocular toxoplasmosis.

The overall cytokine profile of infants with congenital toxo-

plasmosis showed that the intracellular production of a mixture

of proinflammatory (TNF-α, IL-12, and IFN-γ) and regulatory

(IL-4 and IL-10) cytokines in neutrophils and monocytes,

while NK cells have an exclusive proinflammatory pattern. Fur-

thermore, the adaptive response exhibited a robust proinflamma-

tory profile in CD4+ T cells and CD8+ T cells, counterbalanced by

clear B-cell–derived regulation of IL-10.

The production of proinflammatory cytokines, including

TNF-α, IL-12, and IFN-γ, is crucial in the early stages of infec-

tion to control parasite proliferation [12]. This profile was only

described in animal models and adult patients, but here we

show similar results in human samples from infants with con-

genital toxoplasmosis. This finding is surprising considering

previous reports, which have postulated that infants display

deficiencies in primary response against pathogenic microor-

ganisms [13–14]. An exacerbated proinflammatory response is

extremely harmful to the host, being one of the causes of

toxoplasmosis-associated immunopathologic events. Thus, the

increase in IL-10 production is essential to limit the inflamma-

tion resulting from the immune response against the parasite

[7]. IL-10 specifically produced by B cells has been described

in other parasitic diseases, and it was correlated with T-helper

type 2 dominance [15]. Increased serum concentrations of IL-10

in infants with congenital toxoplasmosis have also been

described, although the producing cell was not investigated

[16]. Here, we show for the first time the presence of IL-10–

producing B cells in infants with congenital toxoplasmosis.

Subsequently, we evaluated the overall cytokine synthesis

profile of peripheral blood immune cells according to the clin-

ical status of retinochoroidal lesions of members of the TOXO

group. All stages of retinochoroiditis were associated with IL-

12–producing monocytes and IFN-γ–producing CD4+ T cells.

The presence of both inflammatory cytokines from the early

stages of ocular lesions until late cicatricial stages suggests the

importance of parasite control mechanisms mediated by the cy-

tokines throughout the development of ocular toxoplasmosis.

Indeed, IL-12 is necessary for parasite-induced IFN-γ synthesis

by NK cells, which promote parasite control [7].

An interesting finding was the presence of IL-1β–producing

monocytes along with TNF-α–producing cells (monocytes,

NK cells, CD4+ T cells, and CD8+ T cells) in patients with

NRLs. Yamamoto et al [17] found higher levels of IL-1β and

TNF-α production in adults with postnatal ocular toxo-

plasmosis, compared with individuals in 3 other groups: per-

sons without ocular symptoms, those with congenital ocular

toxoplasmosis, and those who are healthy. Previous studies

have shown that persistent production of TNF-α is associated

with increased tissue damage, mainly due to the effects of re-

active oxygen species, angiogenesis promotion, and breaking

of the eye barrier [18–20]. In fact, it is thought that the in-

crease in TNF-α levels may result in more-severe eye inflam-

mation, with subsequent macular damage, leading to eyesight

deterioration [20]. We speculate that the presence of IL-1β

and TNF-α in infants congenitally infected with T. gondii

and without retinochoroiditis predicts lesion occurrence. In-

deed, it is known that most of congenitally infected newborns

are asymptomatic but that 85% develop retinochoroiditis be-

fore adulthood [21].

The ARL subgroups exhibited enhanced levels of cells with a

proinflammatory profile that includes proinflammatory cyto-

kines, including IFN-γ, IL-5, IL-6, IL-17, and IL-12. Similar re-

sults were described in aqueous humor specimens obtained

from adult patients with ocular toxoplasmosis [22].

We also observed the presence of IL-17 exclusively in the

ARL subgroups in an environment full of IFN-γ−producing

NK cells, CD4+ T cells, and CD8+ T cells, suggesting that the
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IL-17 inflammatory role is associated with lesion activity. Our

work is the first to link IL-17 with the active lesion stage in

congenital toxoplasmosis. In contrast, de-la-Torre et al [23]

observed that the severity of ocular lesions caused by T. gondii

Colombian strains in adult patients was associated with de-

creased production of IFN-γ and IL-17A. In a murine model

Figure 4. Adaptive immunity cytokine profile of infants with congenital toxoplasmosis categorized according to status of retinochoroidal lesions. Results are expressed as the

cytokine index, calculated as the ratio of soluble Toxoplasma antigen to control culture (STAg/CC) for CD4+ T cells, CD8+ T cells, and B cells for Toxoplasma gondii–infected infants

(TOXO subgroups), classified according to findings of clinical ophthalmologic examination, as follows: no retinochoroidal lesions (NRLs; n = 15), active retinochoroidal lesions (ARLs;

n = 7), simultaneous active and cicatricial retinochoroidal lesions (ACRLs; n = 16), and cicatricial retinochoroidal lesions (CRLs; n = 20). Data are also presented for 10 noninfected

infants (NI). Values are expressed as mean ± standard error. Gray rectangles are used to highlight the major significant differences. *P < .05, **P < .01, and ***P < .001. Abbre-

viations: IFN-γ, interferon γ; IL-4, interleukin 4; IL-5, interleukin 5; IL-8, interleukin 8; IL-10, interleukin 10; IL-17, interleukin 17; TNF-α, tumor necrosis factor α.
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of toxoplasmosis, Afzali et al [24] showed that IL-17 stimulates

IL-6 and nitric oxide production and amplifies the local inflam-

matory response in synergy with other mediators, such as IL-1β,

TNF-α, and IFN-γ. However, these studies did not elucidate the

mechanism by which the IL-17 inflammatory role is associated

with lesion activity in acquired and congenital toxoplasmosis.

The ACRL and CRL subgroups presented enhanced levels of

IL-10–producing cells, suggesting an important role for this cy-

tokine in the early and late modulation of the inflammatory

process activated in response to T. gondii–induced ocular le-

sions in congenitally infected infants. Supporting our results,

IL-10 gene polymorphism resulted in a low production of IL-

10 and was linked to increased occurrence of ocular toxoplas-

mosis in adult patients [3].Moreover, Lu et al [25]demonstrated

that eye lesions are more severe in Il10−/− mice than in wild-

type mice. On the other hand, de-la-Torre et al [26] suggested

a permissive state of IL-10 in the eyes of Colombian patients

with ocular toxoplasmosis. In the CRL subgroup, we found in-

creased frequency of IL-10–producing neutrophils and mono-

cytes, IL-1β–producing monocytes, and TNF-α–producing

neutrophils and CD4+ T cells. This pattern of proinflammatory

cytokine production is similar to that found in the infants at the

early stages of toxoplasmosis. In addition, IFN-γ–producing

CD8+ T cells were observed only in infants with ARLs. The

presence of IL-4–producing neutrophils in infants without ret-

inochoroidal lesions and IL-10–producing monocytes in those

with cicatricial lesions suggest the presence of regulatory

events modulating the injury. Moreover, the absence of IFN-

γ–producing CD8+ T cells in infants without retinochoroidal

lesions or those presenting with a cicatricial status (ie, those

with ACRLs and CRLs) also suggest the presence of regulatory

events modulating the injury. The question that remains to be

answered is whether congenitally infected children presenting

with regulatory events somehow related to immune tolerance

Figure 5. Immunological events during congenital toxoplasmosis in human infants, according to retinochoroidal lesion status. The significant features found in the cytokine

index, calculated as the ratio of the soluble Toxoplasma antigen to control culture, from Toxoplasma gondii–infected infants (TOXO subgroups), were categorized according to

findings of clinical ophthalmologic examination, as follows: no retinochoroidal lesions (NRLs), active retinochoroidal lesions (ARLs), simultaneous active and cicatricial reti-

nochoroidal lesions (ACRLs), and cicatricial retinochoroidal lesions (CRLs). Abbreviations: IFN-γ, interferon γ; IL-1β, interleukin 1β; IL-4, interleukin 4; IL-5, interleukin 5; IL-6,

interleukin 6; IL-10, interleukin 10; IL-12, interleukin 12; IL-17, interleukin 17; NK, natural killer; TNF-α, tumor necrosis factor α.
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may be predisposed to recurrent attacks of retinochoroiditis.

Indeed, children included in the present study continued to

be monitored and have elevated ocular reactivation events (un-

published oral communication with Daniel Vitor Vasconcelos-

Santos). The next goal is to follow-up children with congenital

toxoplasmosis for a longer period and evaluate the immune re-

sponse over time.

The current study shows, for the first time, the cytokine pro-

file of congenitally infected 2-month-old infants. A meticulous

categorization of the ocular clinical status permitted the obser-

vation of the cytokine profile in the early and late stages of

toxoplasmosis-associated retinochoroiditis. Our findings sup-

port the existence of a progressive immunological environment

concomitant with the initial, apical, and cicatricial stages in the

process of retinochoroidal lesion formation in infants with con-

genital toxoplasmosis that may be relevant to the establishment

of stage-specific clinical management.
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