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Background: Recurrent vaginal candidiasis (RVC) is an
important health problem with unknown pathogenesis.
Although impairment of the T-cell response is associated with
persistent or recurrent candidiasis, data on immunologic
responses in patients with RVC are controversial.
Objectives: To evaluate the T-cell response in patients with
RVC and the ability of cytokines and cytokine antagonists to
modulate IFN-γ production in cultures stimulated with Candi-
da albicans antigens.
Methods: Participants in the study included 13 patients with
RVC and 7 control women with sporadic candidiasis.
Cytokines were determined by ELISA in supernatants of
mononuclear cells with C albicans, purified protein derivative,
or tetanus toxoid antigen.
Results: IFN-γ production was absent or low in 11 of 13 women
(84.6%) with RVC. Absent or low IFN-γ production was specif-
ic to C albicans antigens (189 ± 389 pg/mL), because high IFN-γ
levels were found in cultures stimulated with purified protein
derivative (739 ± 774 pg/mL) or tetanus toxoid antigens (1085 ±
546 pg/mL). Monoclonal antibody anti-IL-10 enhanced IFN-γ
levels (750 ± 753 pg/mL), and IL-10 suppressed this cytokine
production in patients with sporadic candidiasis.
Conclusions: Mononuclear cells from patients with RVC stim-
ulated with C albicans antigen have low or absent IFN-γ pro-
duction. IL-10 plays an important role in downregulation of
the T-cell response in these patients. (J Allergy Clin Immunol
2002;109:102-5.)
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Recurrent vaginal candidiasis (RVC) is an important
health problem and has been observed in up to 5% of
women who have vulvovaginal infection caused by Can-
dida species.1,2 Although several species of Candida can
cause disease in humans, RVC is predominantly associ-
ated with Candida albicans.3-5 Several factors such as
use of antibiotics, pregnancy, uncontrolled diabetes mel-

litus, and use of estrogens are associated with develop-
ment of candidiasis. Additionally, it has been shown that
impairment of cell-mediated immunity and neutrophil
dysfunction can increase susceptibility to C albicans
infection.6 In experimental models of candidiasis, CD4+
T (TH1 or TH2) cells have been determined to play a cen-
tral role in the outcome of infection.7 Protection corre-
lates with the occurrence of TH1-type responses,8,9

whereas TH2-like responses are associated with disease
exacerbation and pathology.10,11 Evidence for the role of
human T-cell responses in the control of candidiasis
includes high frequency and severity of this fungal infec-
tion in patients with HIV infection12,13 and documenta-
tion of an impaired cell-mediated immune response in
patients with mucocutaneous candidiasis.14-16 In spite of
the strong association between severe candidiasis and an
abnormal TH1-type immune response, the pathogenesis
of RVC is not well established. Although absent or low
lymphoproliferative responses to C albicans antigen
have been noted,17-19 similar levels of IL-2 and IFN-γ
have been detected in women with RVC and control
patients with sporadic candidiasis.20 Additionally,
expression of TH1 cytokines has been documented in
cells recovered from vaginal fluid in patients with
RVC.21 Other studies of patients with RVC have docu-
mented increased levels of C albicans–specific IgE in
vaginal fluid,22 as well as an association between respi-
ratory allergies and vaginitis.23-25 The aims of this study
were to characterize the cytokine profile in the super-
natant of mononuclear cells obtained from patients with
RVC and stimulated with C albicans antigens and to
determine the ability of IL-4 and IL-10 to modulate T-
cell immunologic responses to C albicans antigen.

METHODS

Subjects

Participants in this study included 13 women who were referred
to the immunology service of Hospital Universitário Professor
Edgard Santos because of recurrence of vaginal candidiasis despite
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antimycotic therapy. The diagnosis of candidiasis was based on
identification of Candida organisms on cytologic examination. In
the 7 patients for whom the Candida species was characterized, C
albicans was the causal agent. All the patients had negative serolo-
gy to HIV infection, and none had diabetes or renal or liver failure.
Control patients were 7 women with sporadic candidiasis. These
patients had no history of vulvovaginal candidiasis and no evidence
of C albicans infection during a 1-year follow-up period. The study
followed the guidelines of the ethical committee of the Hospital
Universitário Professor Edgard Santos, and informed consent was
obtained from all patients. 

C albicans antigen preparation

C albicans isolate from a patient with RVC was cultured in
Sabouraud’s media. The cultures were centrifuged at 3000g for 30
minutes, and the pellet was washed 3 times with PBS. The pellet was
resuspended in 0.5N sodium hydroxide and then frozen (–70°C) and
thawed at 37°C about 20 times. After the suspension was centrifuged
at 3000g for 30 minutes, the supernatant was collected and the pH
was adjusted to 7.3. The protein content was determined by using the
method of Lowry et al.26

Delayed-type hypersensibility response

Intradermal skin testing was performed by inoculation with 0.1
mL of C albicans antigen (Alergofar, Rio de Janeiro, Brazil) on the
forearm. The responses were evaluated after 48 hours, and results
were considered positive when induration was greater than 5 mm.

Cell culture and cytokine assay

PBMCs were isolated from heparin-treated venous blood by
Ficoll-Hypaque gradient centrifugation (LSM; Organon Teknika
Corporation, Durham, NC). After PBMCs were washed 3 times in
0.9% sodium chloride, they were resuspended in RPMI-1640 culture
medium (Gibco BRL, Grand Island, NY) supplemented with 10%
human AB serum, 100 IU/mL penicillin, and 100 µg/mL strepto-
mycin. Cells were adjusted to 3 × 106 cells/mL, put in 24-well plates,
and stimulated with C albicans antigen (0.05 µg/mL), tetanus toxoid
(TT) (5 LF/mL), purified protein derivative (PPD) (2 µg/mL), or
PHA in a final dilution of 1:100. In the cultures of PBMCs from
some of these patients, monoclonal antibodies anti-IL-4 and anti-IL-
10 or isotype controls (kindly provided by Dr Coffman, DNAX Insti-
tute, Palo Alto, Calif) were added in a concentration of 200 µg/mL.
In a few cultures of PBMCs obtained from women with sporadic
candidiasis and stimulated with C albicans antigen, recombinant

human IL-10 was added (200 ng/mL). After incubation for 72 hours
at 37°C in an atmosphere of 5% CO2, supernatants were collected
and stored at –70° C. The levels of IL-5, IL-10, and IFN-γ were mea-
sured by an ELISA (R&D Systems, Minneapolis, Minn) sandwich
method, and the results are expressed as picograms per millimeter.

Statistical analysis

The statistical comparisons were performed by using the Mann-
Whitney U test.

RESULTS

The age, duration of illness, and the IFN-γ production in
cultures stimulated with C albicans antigen and PHA for
the patients studied are shown in Table I. The age of the
patients ranged from 24 to 42 years (32 ± 6 years); the
median illness duration was 5 years (range, 2-14 years).
Although high levels of IFN-γ (526 ± 329 pg/mL) were
observed in the supernatants of lymphocyte cultures
obtained from women with sporadic candidiasis and stim-
ulated with C albicans antigen, absent or low production of
IFN-γ was observed in 11 of 13 women (84.6%) with RVC.
However, high levels of IFN-γ were observed in the cul-
tures of all 12 patients with RVC whose cells were stimu-
lated with PHA (2094 ± 545 pg/mL). Results of intrader-
mal skin tests with C albicans antigen were negative in all
patients with RVC and positive in 5 of 7 patients with spo-
radic candidiasis. The immunosuppression observed in
patients with RVC was specific to C albicans antigens,
because cells from these patients secreted high levels of
IFN-γ when stimulated with PPD or TT (Fig 1). The pro-
duction of IFN-γ in lymphocyte cultures from patients with
RVC when stimulated with PPD was 739 ± 774 pg/mL, and
when stimulated with TT, 1085 ± 546 pg/mL. These values
were higher (P < .05) than those observed in cultures stim-
ulated with C albicans antigen (198 ± 389 pg/mL).

Levels of IL-5 and IL-10 were measured in supernatants
of lymphocyte culture to evaluate the possibility that the
decrease in IFN-γ production was related to a strong TH2-
like immune response. Low levels of both IL-5 (39 ± 60
pg/mL) and IL-10 (16 ± 32 pg/mL) were detected in cul-
tures stimulated with C albicans antigen (Fig 2).

TABLE I. Age, duration of illness, and levels of IFN-γ in 13 women with recurrent vaginal candidiasis in cultures stimu-
lated with C albicans antigen or PHA 

Levels of IFN-γ (pg/mL)

Patient No. Age (y) Duration of disease (y) Media C albicans PHA

1 30 2 0 0 2150
2 39 2 0 0 2901
3 30 2 0 75 ND
4 39 3 0 0 1448
5 37 3 0 0 1662
6 25 3 0 148 2288
7 25 5 18 1132 1572
8 42 5 0 0 3358
9 26 6 39 997 1673

10 24 6 0 58 1700
11 29 10 0 0 2214
12 32 13 0 175 1997
13 32 14 0 0 1766

ND, Not done.
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Monoclonal antibodies anti-IL-4 and anti-IL-10 were
added to the cultures stimulated with C albicans antigens to
determine whether the inability to produce IFN-γ in patients
with RVC was due to suppressive effects of regulatory
cytokines (Fig 3). IFN-γ production in cultures of PBMCs
from 6 women with RVC stimulated with C albicans anti-

gens was 64 ± 70 pg/mL. Addition of monoclonal anti-IL-4
antibody had modest effects on IFN-γ production (100 ± 81
pg/mL). In contrast, neutralization of IL-10 enhanced IFN-
γ production 10-fold (750 ± 753 pg/mL). Although it was
variable, enhancement of IFN-γ production after IL-10 neu-
tralization was observed in all 6 patients. Isotype controls
had no effect on IFN-γ production. IL-10 was added to lym-
phocyte cultures of patients with sporadic candidiasis to
evaluate this cytokine’s ability to downregulate the immune
response to C albicans antigen. The IFN-γ levels after stim-
ulation with C albicans antigen were 353 ± 248 pg/mL but
were reduced significantly to 10 ± 12 pg/mL after the addi-
tion of recombinant human IL-10 (200 µg/mL). 

DISCUSSION

The main findings of this study are that the majority of
the women with RVC had an antigen-specific impairment
of IFN-γ production and that neutralization of IL-10
enhanced the production of this cytokine. All patients stud-
ied were young non-malnourished women without a histo-
ry of debilitating disease and with negative HIV serology.
We chose to evaluate IFN-γ production because this
cytokine is produced by natural killer and TH1 cells and is
associated with a host defense mechanism against C albi-
cans.3 Although there was great variability in levels of
IFN-γ production, it was clear that in the majority of the
women with RVC, IFN-γ production was absent or low. 

Factors involved in the impairment of T-cell responses
to C albicans antigen include the nature of the antigen
preparation, the phase of the menstrual cycle during
which the evaluation is performed,27 increased synthesis
of PGE2,17 and an imbalance in TH1 and TH2 subpopula-
tions of cells. The antigen used was the same throughout
the study, and reproducibility of the results was docu-
mented. Additionally, although polysaccaridic antigens
may suppress the T-cell response,28,29 our antigen was
prepared in such a way that it should predominantly con-
tain protein, and based on Lilic studies, it should induce
more IFN-γ and lymphocyte proliferation.14 Although we
did not inquire about the phase of the menstrual cycle, this
variable would not be expected to affect our results,
because the chance of being in the same phase of the men-
strual cycle would be equal for both groups of patients
(those with sporadic candidiasis and those with RVC).
High activity of TH2 cells suppress IFN-γ production,30

but because of the difficulty in detecting IL-4 in super-
natants of human lymphocyte cultures, IL-5 was used as
a marker of TH2 activation. The observation in the present
study of low levels of IL-5 in supernatants of PBMCs
from these patients argues against the possibility that a
strong TH2 response was involved in the downregulation
of IFN-γ production. Although IL-10 levels were not ele-
vated, the effect of neutralization of this cytokine in IFN-
γ production was evident. The observation that anti-IL-10
antibody restores immune response in patients, in spite of
the very small amount of this cytokine in supernatants,
may be explained in two ways: (1) IL-10 can be used
quickly by the cells and (2) IL-10 production can be

FIG 1. Levels of IFN-γ in supernatants of PBMCs from patients with
RVC stimulated with C albicans (n = 13), PPD (n = 9), and TT (n =
4). Data represent mean and SD of IFN-γ production in cultures
stimulated with C albicans antigen (0.05 µg/mL), PPD (2 µg/mL), or
TT (5 LF/mL).

FIG 2. Cytokine profile in patients with RVC (n = 13) and control
patients (n = 7). Data represent mean and SD of IFN-γ, IL-5, and IL-
10 production in supernatants of PBMCs stimulated with C albi-
cans antigen (0.05 µg/mL).

FIG 3. Evaluation of the ability of monoclonal antibodies against
IL-4 and IL-10 to restore IFN-γ production in patients with RVC (n
= 6). Cultures were stimulated with C albicans antigen (0.05
µg/mL) in the absence or presence of monoclonal antibodies anti-
IL-4 (200 µg/mL) and anti-IL-10 (200 µg/mL). Ag, Antigen.
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autoregulated.31 In such cases, the low levels of IL-10 did
not rule out that this cytokine had been produced in great
amounts. We have observed similar findings in patients
with visceral leishmaniasis32 and schistosomiasis.33

Our data indicate that patients with RVC have an
immunosuppression specific to C albicans antigens,
because normal T-cell responses were documented in
cultures with unrelated antigens such as TT and PPD.
Considering that a predominant TH2 response was not
observed, it is possible that the unresponsiveness to C
albicans antigen may be related to anergy and that IL-10
may play an important role in the modulation of the
immune response of these patients. IL-10, one of the
most important regulatory cytokines, decreases both
lymphocyte proliferation34 and cytokine secretion by
both macrophages and lymphocytes.30,35 The potential
role of IL-10 in the pathogenesis of infectious diseases
such as visceral leishmaniasis,32 schistosomiasis,33 and
diffuse cutaneous leishmaniasis36 has been documented.

Considering that downregulation of the TH1-type
immune response was not observed in all patients with
RVC, the absence of IFN-γ production and the downreg-
ulation mediated by IL-10 only may explain in part the
pathogenesis of RVC. It is possible that although a T-cell
response is observed in peripheral blood, an impairment
in T-cell function may occur in the vaginal fluid or vagi-
nal mucosa. Alternatively, it can not be ruled out that
other suppressor factors may act at the neutrophil and
macrophage levels, decreasing the killing of C albicans.

We thank Dr Robert L. Coffman (DNAX Institute, Palo Alto,
Calif) for providing the monoclonal antibody anti-human IL-4 and
anti- human IL-10. We also thank Elbe Myrtes de S. Silva for sec-
retarial assistance.
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