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SUMMARY

Serological rebounds occur frequently in patients with congenital toxoplasmosis, but remain poorly

understood. A link between Th1 and Th2 cytokines and the pathophysiology of infectious diseases has

been reported. Production of interferon-gamma (IFN-g) and IL-4 in supernatants of whole blood after

in vitro speci®c Toxoplasma gondii stimulation and serum-speci®c IgE levels were studied in 31

congenitally infected children. IFN-g was produced at higher levels by lymphocytes from children

with stable congenital toxoplasmosis (n� 18) than from children showing serological rebound (n� 13)

(P < 0´04). Conversely, supernatants from children with serological rebound showed higher levels of IL-

4 than those from children with stable congenital toxoplasmosis (P < 0´03). The polarized Th2 response

was con®rmed by a greater (IL-4:IFN-g) ´ 100 ratio (P < 0´0001) and production of T. gondii-speci®c

IgE in six out of 13 children showing serological rebound. These results suggest a role of Th2 cytokines

in destabilization of congenital toxoplasmosis and perhaps in local reactivation of the parasite.

Keywords congenital toxoplasmosis serological rebound IgE IL-4 interferon-gamma

INTRODUCTION

While generally asymptomatic in acquired forms, human infection

with the parasite Toxoplasma gondii causes severe mortality and

morbidity in patients with immunode®ciency or in congenitally

infected children [1]. In particular, congenital toxoplasmosis (CT)

is a problematic disease for the clinician because of its unexpected

serological and clinical evolution. Signi®cant rises in T. gondii-

speci®c antibody titres (serological rebound) frequently occur long

after initial infection, but are still poorly understood [2,3]. We

recently demonstrated that B cells spontaneously secreting

T. gondii IgG antibodies are present in the peripheral circulation

of children showing serological rebounds, suggesting a reactiva-

tion of the parasite [4].

It is now widely accepted that T helper (Th) cell responses in

mouse models are polarized to Th1 or Th2 type according to the

cytokines synthesized which govern the pathophysiology of

infectious diseases [5,6]. Th1 cells secrete interferon-gama (IFN-

g), IL-2 and tumour necrosis factor-beta (TNF-b), and are involved

in protection against intracellular parasites. Th2 cells produce IL-4,

IL-5, IL-10 and IL-13, which favour exacerbation of the disease

[7]. Resistance against T. gondii requires cellular immunity, and

the role of Th1 and Th2 cytokines has been investigated mainly in

murine models of toxoplasmosis [8±10]. In particular, IFN-g can

induce the formation of cysts containing slowly dividing brady-

zoites, which persist and normally remain quiescent for life [11]. In

humans, few data are available and characterization of Th1 and

Th2 pro®les are based upon results from mice or experiments based

on the use of T cell clones [12±14]. Therefore, the existence of an

imbalance between Th1 and Th2 cytokines in the various forms of

human toxoplasmosis remains hypothetical [15].

To understand better the role of cytokines in the pathophysiol-

ogy of human CT, we investigated Th1 and Th2 pro®les of

lymphocytes from congenitally infected children. Using a recently

described method for simple whole blood culture [16], we mea-

sured IFN-g and IL-4 secreted in supernatants after in vitro

stimulation with T. gondii. Our results suggest a predominant

Th2 pro®le in congenitally infected children with serological

rebound.

SUBJECTS AND METHODS

Subjects

All congenitally infected children are routinely followed up

serologically and clinically at our Parasitology Department at
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yearly intervals unless an abrupt rise in serum antibodies occurs,

when they are seen at 3-monthly intervals. Children seen in the

interval from May 1997 to June 1998 were tested on their ®rst

presentation for cytokine pro®le as described below. Speci®c

T. gondii IgG and IgM were evaluated by indirect immuno¯uor-

escence (BiomeÂrieux, Marcy l'Etoile, France). Children whose IgG

titres remained stable and < 60 U over the preceding year were

classi®ed as stable CT. Children with a clear increase in IgG titres

to T. gondii (> 200 U) in the preceding 12 months were classi®ed as

CT with serological rebound.

Adults with serological evidence of recent or chronic acquired

toxoplasmosis were included as a positive control group. Chil-

dren free of T. gondii infection but born to mothers who had

seroconverted during pregnancy were included as a negative

control group.

Antigen preparation

Soluble T. gondii antigen was prepared by infection of murine

WEHI 164 cells (ATCC CRL 1751), at three tachyzoites/cell,

with T. gondii strain RH from the peritoneal cavities of 24-h-

infected OF1 mice (Iffa Credo, Saint Germain sur l'Arbresle,

France). At 2 days the tachyzoites were harvested, washed,

adjusted to 106/ml in PBS (BiomeÂrieux), and disrupted by ®ve

freeze±thaw cycles. The suspension was clari®ed by centrifuga-

tion at 2500 g for 15 min and ®ltered through 0´2-mm membranes.

Control culture supernatant medium was collected from unin-

fected WEHI 164 cells.

Whole blood cultures

A sample of peripheral blood was collected once from each child

by venipuncture into Vacutainer tubes containing lithium heparin

(Becton Dickinson, Meylan, France). Blood was processed after

storage for not more than 8 h at room temperature. Phenotype of T

cells, speci®c cellular responses and cytokine quantities were

evaluated on whole blood cultures as described previously [16].

Brie¯y, duplicate samples of 50 ml of whole blood were stimu-

lated with either T. gondii soluble antigen (®nal concentration

6 mg/ml) or an equal volume of control medium for 7 days at 378C
in 45 ´ 8´8-mm tubes (Micronic Systems, Lelystad, The Nether-

lands). Cultures were supplemented at 24 h with 500 ml of

RPMI 1640 medium containing 1% L-glutamine, penicillin

10 000 U/ml, streptomycin 10 mg/ml, and amphotericin B

25 mg/ml (Sigma, St Quentin Fallavier, France). On day 7,

culture supernatants were collected from each tube, clari®ed

by centrifugation at 8000 g for 15 min and stored at ÿ208C
until determination of cytokine levels. Incubation times for

optimal cellular responses and cytokine detection in supernatants

had previously been determined by kinetic assays (data not

shown).

Phenotype of T cells

After collection of supernatants for cytokine assays, we determined

the proportion of CD3� cells which expressed CD4, in samples

stimulated with T. gondii soluble antigen or with control medium,

as previously described [16].

Cellular responses

The cellular immune responses of the blood cells were evaluated

by ¯ow cytometric detection of CD25 [16], and expressed as the

percentage of T cells expressing CD25 above control levels. The

threshold of positivity was set at 10´1%.

Quanti®cation of IFN-g and IL-4 levels in 7-day culture

supernatants

IFN-g levels were determined by ELISA using a standard

Duoset kit (Genzyme, Cergy St. Christophe, France) following

the manufacturer's recommendations. Supernatants were tested at

dilution 1:4 in RPMI 1640 medium supplemented with fetal calf

serum (FCS; Sigma). The minimum threshold of this assay was

15 pg/ml.

IL-4 was assayed by the Pelikine compact ELISA kit from CLB

(Tebu, Le Perray-en-Yvelines, France). Supernatants were tested

undiluted following the manufacturer's recommendations. The

lower threshold of this test was 2 pg/ml.

Each supernatant was tested in duplicate in 96-well Maxisorp

microtitre plates (Nunc Immuno Plate; Polylabo, Strasbourg,

France), and results were expressed as means. After transformation

of optical density into pg/ml, speci®c IFN-g and IL-4 secretion

were measured by subtracting cytokine levels of control medium-

stimulated samples from cytokine levels of T. gondii-stimulated

samples.

Speci®c IgE secretion

Toxoplasma gondii-speci®c IgE in the sera from congenitally

infected children was quanti®ed by ELISA immunocapture

adapted from a previously reported technique [17], in the same

blood sample used for the other assays.

Statistical analysis

Differences in secretion between each group of patients were tested

for signi®cance with the Mann±Whitney rank test. P < 0´05 was

considered statistically signi®cant.

RESULTS

Study population

Of the 31 congenitally infected children enrolled in the study, 18

(age 10 6 3 years (mean 6 s.d.)) had stable CT and 13 (age

4 6 3 years) showed serological rebound. IgG titres at the date

of sampling and the length of time elapsed since maximum IgG

titres had been observed in the 13 children with serological

rebound are shown in Table 1. Speci®c IgM antibodies were

never detected. No new clinical and ophthalmological signs were

diagnosed at the date of sampling, nor during a 6-month follow

up. Negative and positive control groups consisted of ®ve

children free of T. gondii infection (age 1 6 0 years) and 27

adults (age 32 6 7 years) with serologic evidence of acquired

toxoplasmosis, respectively.

Phenotype of T cells

In control medium-stimulated samples, percentages of CD4� T

cells were signi®cantly higher in children with serological rebound

than in children with stable CT (67´1 6 10´2% versus 60´1 6 8%;

P� 0´022). After T. gondii-speci®c stimulation, percentages of

CD4� T cells increased signi®cantly in both children with sero-

logical rebound (P� 0´019) and children with stable CT

(P< 0´0001).

Cellular responses

CD25 expression on T cells was determined for each group of

subjects. All individuals, excepted the ®ve uninfected children,

responded positively to T. gondii antigen by strong expression of

CD25 (data not shown). CD25� T cells were exclusively CD4� in
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23 of 31 children, but a minority of CD4ÿ cells were present in the

others.

IFN-g and IL-4 secretion

Supernatants of control medium-stimulated and T. gondii-stimu-

lated cultures from uninfected controls had no detectable levels of

IFN-g or IL-4. Conversely, in acquired toxoplasmosis IFN-g and

IL-4 were secreted after T. gondii stimulation in supernatants of

blood cultures from 26 (220±5409 pg/ml) out of 27 individuals and

18 (0´4±10´6 pg/ml) out of 27 individuals, respectively.

IFN-g was undetectable in supernatants of control medium-

stimulated cultures from congenitally infected children. Toxo-

plasma gondii-driven IFN-g production was signi®cantly higher

in supernatants from children with stable CT than in those of

children showing serological rebound (P < 0´04) (Fig. 1a). Low

levels of IL-4 were detected in supernatants of control medium-

stimulated cultures from almost all children. No signi®cant differ-

ences were observed between groups. Toxoplasma gondii-driven

IL-4 production was signi®cantly higher in supernatants from

children showing serological rebound than from children with

stable CT (P< 0´03) (Fig. 1b).

The cellular response from all patients, expressed as the

percentage of CD3�CD25� cells, correlated with IFN-g

(r� 0´570, P < 0´0001) and IL-4 levels (r� 0´443, P� 0´0004)

after T. gondii stimulation. Because IFN-g can be produced

either by CD4� or by CD8� activated T cells, we determined the

correlation between IFN-g production in supernatants and the

percentages of CD4�CD25� T cells and found it signi®cantly

positive (r� 0´428; P� 0´0007).

IL-4:IFN-g ratio

The balance between Th1- and Th2-type responses was estimated

by the ratio between supernatant IL-4 and IFN-g (pg/ml), multi-

plied ´ 100 to adjust for different levels of production. Values of

(IL-4:IFN-g) ´ 100 were higher in children showing serological

rebound (4´80 6 6´50) than in children with stable CT

(1´02 6 0´75), with P < 0´0001 (Fig. 2). More than half (7/13)

children showing rebound had ratios above 2´51, average stable

CT value � 2 s.d., indicating a strong bias to Th2 response. A Th2

pro®le was also observed in one child with stable CT.

IgE speci®c for T. gondii in sera

All six children positive for T. gondii-speci®c IgE in sera

showed serological rebound. No correlation was observed between

IgG and IgE titres. There were no clinical differences between

IgE� and IgEÿ children. We then examined the correlation

between the presence of Th2 pro®le and speci®c IgE, and the

length of time elapsed since rebound in the 13 children (Table 1).

The majority (5/7) of children with Th2 pro®le showed recent

serological rebound (# 3 months); all had speci®c IgE in sera. The

other two had ancient rebounds, with both speci®c IgE and

persistent high IgG titres in the serum of one of them (child no.

11). Three of six children with serological rebound, but without

speci®c IgE or Th2 pro®le, had recent rises in IgG titres (nos 4, 5

and 6).

DISCUSSION

Our study is the ®rst attempt to explore and characterize Th1 and

Th2 pro®les in human toxoplasmosis from ex vivo blood samples

without cloning of T cell populations. Measurement of cytokines in

whole blood cultures is well established and provides more

information about mechanisms governing cellular immunity than

use of puri®ed cells [18±20]. By avoiding separation procedures,

the technique requires only small amounts of whole blood and so is

suitable for studies in children [19,21]. This is a simple and rapid

test easily applicable to routine examination

Using sensitive ELISA tests we detected IFN-g and IL-4 in

supernatants of whole blood culture following in vitro T. gondii

stimulation. Both cytokines were detected in the positive control

group consisting of adults with acquired toxoplasmosis. The

positive correlation between CD25� T cells and levels of IFN-g

and IL-4 in supernatants suggested that T. gondii-responding T

cells were responsible in part for cytokine production. Moreover,
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Table 1. Characterization of the 13 children with serological rebound

Children with IgG at the time of Time between IgG rises Speci®c IgE

serological rebound sampling (U/ml) and date of sampling (months) in sera Th2 pro®le*

1 1627 0 � �

2 1123 0 � �

3 3309 0 � �

4 1045 0

5 375 0

6 353 0

7 540 3 � �

8 1067 3 � �

9 5330 6

10 259 9 �

11 1107 10 � �

12 176 10

13 11 11

At the date of sampling, speci®c IgG and IgE titres and Th2 cytokine pro®les were measured as described in Subjects and Methods.

*Samples with an (IL-4:IFN-g) ´ 100 ratio > 2´51 were considered to have a Th2 pro®le.

Children nos 1±6 showed serological rebound during the May 1997 to June 1998 time interval when cytokine pro®les were determined. The other

children had rebound from dates preceding the study period.



production of IFN-g was due in part to the predominant CD4�

subset of responding T cells. We observed opposite cytokine

pro®les in the two groups of children with CT. Blood cultures

from children showing serological rebound produced higher

amounts of IL-4 but lower levels of IFN-g than cultures from

children with stable CT. Moreover, a signi®cantly higher (IL-

4:IFN-g) ´ 100 ratio in children showing serological rebound

suggested a switch towards Th2. Th2 cytokines are involved in

the generation and maintenance of antibody, particularly IgE

[5,22]. In our study, the Th2 pro®le in seven out of 13 children

showing serological rebound was con®rmed by the presence of

speci®c IgE in six of them (Table 1). Experimental models of

murine toxoplasmosis suggest that a Th1 and Th2 balance is

implicated in regulation of T. gondii infection [23]. In particular,

IL-4 is responsible for an increased susceptibility to T. gondii in the

chronic phase of infection and inhibition of IFN-g production

in vivo [24,25]. Little is known about pro®les of cytokine secretion

in human toxoplasmosis. In a recent review, Gomez-Marin et al.

postulated that the various clinical forms of human toxoplasmosis

might be associated with the predominance of one or other pole.

Ocular toxoplasmosis (in immunocompetent patients) might be

attributed to a Th1 hyperresponse, whereas CT or toxoplasmic

encephalitis (in immunode®cient patients) might be characterized

by a predominantly Th2 response [15]. Two recent studies carried

out on human T. gondii-speci®c T cell clones demonstrated pro-

duction of both Th1 and Th2 cytokines after speci®c stimulation

[13,14].

Some hypotheses could explain the Th2 switch observed in

children with serological rebound. Lymphocytes from immuno-

competent adults with acquired toxoplasmosis probably display a

dominantly Th1 pro®le favouring protection and control of the

T. gondii infection. In children with CT, T cell pro®les might be

unstable, probably because of in utero priming with antigen and

tolerization inducing immune deviation [26]. Disturbance of the

host±microorganism balance following, for example, bacterial or

viral infections and/or drug withdrawal, which has been associated

with serological rebounds [3,27], could lead to dominance of Th2

in some children. Such immunological modi®cation would be

expected to result in rupture of cysts and/or release of parasite

antigen which could consequently reactivate the immune system,

producing both speci®c T. gondii Th2 cells and the speci®c

humoral IgE and IgG response. We recently demonstrated speci®c

circulating antibody-secreting cells in some children with serolo-

gical rebound, suggesting a parasitic stimulation of the immune

system [4]. Sklenar et al. showed that T cell clones produced more

IFN-g when they originated from an asymptomatic T. gondii-

infected subject than from a symptomatic subject [28]. The Th2

pro®le observed in seven out of 13 children with rebound does not

indicate clinical repercussions, as no new symptoms appeared at

the date of sampling. Secretion of IFN-g in all cases certainly

tempered evolution of the disease and restored the host±parasite

balance without any damage. In leprosy and leishmaniasis a Th2

pro®le accompanied by impairment of IFN-g leads to critical and

severe diseases [29,30]. Presence of serological rebound with low

(IL-4:IFN-g) ´ 100 ratio and absence of IgE in the other six

children could have several explanations. First, IgE are transitory

[17] and three children had ancient serological rebound
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Fig. 2. Ratio (IL-4:IFN-g) ´ 100 in 18 children with stable congenital

toxoplasmosis (CT) and 13 children showing serological rebound. Boxes

represent values between 25th and 75th percentiles and medians; bars

indicate 10th and 90th percentiles. Measures outside the bars are shown as

circles. Statistical analysis (Mann±Whitney U-test) showed signi®cantly

higher (IL-4:IFN-g) ´ 100 ratio in patients with serological rebound than in

patients with stable CT (P< 0´0001).

Fig. 1. Production of cytokines in 18 children with stable congenital

toxoplasmosis (CT) and 13 children showing serological rebound. IFN-g

(a) and IL-4 (b) were measured in supernatants of whole blood after 7 days

incubation with Toxoplasma gondii antigen as described in Subjects and

Methods. Levels of cytokines above controls were expressed in pg/ml.

Boxes represent values between 25th and 75th percentiles and medians;

bars indicate 10th and 90th percentiles. Circles outside the bars are extra

values.
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(> 3 months). For the other three children, although the sample

tested was contemporaneous with the ®rst routine sample showing

increased IgG antibody, the actual date of rebound in the year

elapsed since the previous sample is unknown. Second, serological

rebound could be the result of a polyclonal activation of cells, and

indeed other antibodies may rise concomitantly with anti-T. gondii

titres (M. Wallon, personal communication).

The pathophysiology of rebounds remains unknown. They

occur in 87% of children with CT, generally without clinical

signs [3,27], and they are six times as frequent within 4±

6 months after treatment withdrawal (M. Wallon, personal com-

munication). In some cases rebounds are accompanied by the

presence of T. gondii-speci®c circulating B cells [4]. In the present

study seven out of 13 rebounds were associated with a Th2

cytokine pro®le but without clinical signs. Other techniques like

detection of circulating T. gondii antigen would be desirable to

con®rm the existence of a reactivation of the parasite. For the

clinician, understanding of serological rebounds raises the issue of

management and therapeutic indications in congenitally infected

children.
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