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Summary

Most of the studies on 60-kDa and 10-kDa chlamydial heat shock proteins
(HSPs) to date have been carried out with blood lymphocytes or serum anti-
body responses, which do not provide a clear picture of the actual pathogen-
esis as they do not differentiate primary infection from recurrent infection.
Thus, in the present study induction of the immune response was evaluated
by studying lymphoproliferation of both cervical and peripheral lymphocytes
to synthetic peptides of cHSP60, cHSP10 and major outer membrane protein
(MOMP) antigen. In addition, cervical antibody prevalence to MOMP
antigen, cHSP60 and cHSP10 and cytokine levels in cervical washes was also
determined. Positive proliferative responses of cervical lymphocytes to
cHSP10 peptide were significantly higher (P < 0·05) in women with recurrent
infections and that to MOMP antigen were significantly higher in primary
infection. On proliferation of PBMCs with the above antigens, no significant
difference was observed between primary and recurrent infection. Prevalence
of cervical IgG and IgA antibodies to Chlamydia trachomatis was significantly
higher (P < 0·05) during primary infection than recurrent infections. In con-
trast, prevalence of IgG and IgA antibodies to cHSP10 and IgG antibodies to
cHSP60 was higher during recurrent infections than primary infections.
Interferon (IFN)-g levels were significantly higher in cervical washes of
women with recurrent infection and correlated strongly with cHSP60 anti-
body titres. Our data thus suggest that mucosal responses are more appropri-
ate in understanding the pathogenesis of chlamydial infection and IFN-g
could be involved in the modulation of immune responses towards chlamy-
dial infection directly, by causing acute inflammation, or indirectly through
modulation of HSP expression.
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Introduction

Chlamydia trachomatis infections are the most prevalent
sexually transmitted bacterial infections recognized throug-
hout the world, and 90 million new chlamydial infections are
detected annually worldwide [1]. In India alone, a high
chlamydial prevalence rate (up to 30%) has been reported
among symptomatic women [2]. Chlamydial infection of the
lower genital tract infection usually spreads to the upper
genital tract and is then responsible for more serious conse-
quences of chlamydial infection, such as infertility, ectopic
pregnancy, pelvic pain and pelvic inflammatory disease
(PID) [3]. In addition, infection with C. trachomatis

facilitates the transmission of HIV [4] and might be a
co-factor in human papilloma virus (HPV)-induced cervical
neoplasia [5,6]. Chlamydial infections are often asymptom-
atic, mild infections that are usually self-limiting, but
repeated or persistent infections can cause severe damage to
the inflamed tissue [7].

Heat shock proteins (HSPs) are highly conserved proteins
present in almost all prokaryotic and eukaryotic organisms.
They are members of a family of stress response proteins,
which protects the cells from a variety of insults [8]. A
number of infectious diseases have been associated with acti-
vated humoral and cellular responses to microbial HSPs [9].
The chlamydial 60-kDa and 10-kDa HSPs (cHSP60 and
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cHSP10) are thought to be major target antigens which
stimulate a strong pathogenic inflammatory response [10] in
both animal models and among patients with chlamydial
genital tract infections.

A strong association of serum cHSP60 antibodies with
tubal factor infertility has been demonstrated [11]. Women
with a history of multiple episodes of salpingitis have been
found to exhibit lymphocyte proliferation in response to
cHSP60 more frequently than healthy women or women
with a history of a single episode of salpingitis [12]. A spe-
cific role for cHSP60 in the pathogenesis of salpingitis has
also been suggested by an experimental monkey model of
infection [13]. Recently, a study in Cameroon demonstrated
a significant correlation between anti-cHSP10 and anti-
cHSP60 antibodies with secondary infertility [14].

The above data support the idea that cHSPs are important
in deciding the immune response of the host towards
chlamydial infection, and to date most studies demonstrat-
ing the role of cHSPs in pathogenesis of chlamydial infection
have been performed primarily with serum antibodies or
blood lymphocyte responses. Thus, our first objective was to
characterize and compare mucosal and peripheral immune
responses to cHSPs in women with either primary chlamy-
dial infection or recurrent infections. The second aim was to
determine the role of cytokines in modulation of immune
responses towards cHSPs. The study was also aimed at defin-
ing local mucosal immune markers, which could help in
identifying women with increased risk for development of
sequelae to infection.

Materials and methods

Study population

After obtaining informed written consent, 362 patients
attending the gynaecology outpatient department of Safdar-
jung Hospital, New Delhi, India were enrolled into the study.
All women underwent careful pelvic examination. Forty-five
healthy age-matched controls attending the family planning
department for birth control measures and with no previous
history of any sexually transmitted disease (STD) were also
enrolled. Patients with positive urine pregnancy test, recent
antibiotic therapy and history of previously treated STD
infection were excluded from the study. Because variations in
sex hormones are known to influence cytokine concentra-
tions and immune cell populations, cervical samples were
collected during mid-cycle (median: 13 days, range: days
9–15 of the menstrual cycle). None of the patients had had
sexual intercourse 3 days or more prior to collection of
sample. The study received approval from the hospital’s
ethics review committee.

Collection of samples

The vulva was examined for lesions and the cervix for warts,
ulcers, ectopy, erythema and discharge, if any. After cleaning

the endocervix with a sterile cotton swab, three endocervical
swabs (HiMedia, Mumbai, India) were collected from
patients and controls for diagnosis of C. trachomatis and
other sexually transmitted pathogens. An additional vaginal
cotton swab was collected for screening of pathogens such as
Candida spp., bacterial vaginosis and Trichomonas vaginalis.

For collection of cervical cells, a cytobrush was placed
within the endocervical canal so that the cells from the
endocervical region and the zone between the endocervical
and ectocervical region (transformation zone) could be
obtained. The cytobrush was then transferred to a sterile
centrifuge tube containing sterile phosphate-buffered saline
(PBS) (pH 7·2) supplemented with 100 U penicillin/ml,
100 mg streptomycin/ml and 100 mg glutamine/ml. All cyto-
brush samples had negative results for blood contamination.
Cervical washes were collected in 5 ml of sterile saline
administered through a sterile Pasteur pipette and recovered
after washing the cervix thoroughly and were then stored at
4°C until they were transported to the laboratory within 1 h.
Two ml non-heparinized blood for separating serum and
10 ml venous blood was collected into heparinized vials for
isolation and culture of lymphocytes. At the laboratory
serum and cervical wash samples were aliquoted and stored
at -80°C until assay and the cells were processed within 1 h.

Microbiology

Five-mm spots were made on clean glass slides using
endocervical swabs. These were stained with fluorescein
isothiocyanate (FITC)-conjugated monoclonal antibodies to
C. trachomatis major outer membrane protein (MOMP)
using the direct specimen test kit (Microtrak, Palo Alto, CA,
USA), according to the manufacturer’s instructions. A
sample was considered to be positive when at least 10
elementary bodies (EBs) were detected. Samples with greater
than one and less than 10 EBs were confirmed for positivity
by polymerase chain reaction (PCR) analysis using a primer
specific for 517 base pairs (bp) plasmid of C. trachomatis
[15].

Gram-stained cervical and vaginal smears were examined
for the presence of yeast cells (Candidiasis) and clue cells for
diagnosis of bacterial vaginosis. A Gram stain showing the
predominance of Lactobacillus morphotype was interpreted
as normal. When showing the Gardnerella morphotype or
mixed flora they were interpreted as consistent with bacterial
vaginosis. Wet mount microscopy was performed for diag-
nosis of T. vaginalis. For detection of Neisseria gonorrhoeae
cervical specimens were incubated at 35°C in a humidified
CO2 incubator for 48 h on Thayer Martin medium. Colony
growth was noted and N. gonorrhoeae was identified on basis
of Gram-stained smears. pleuropneumonia-like organism
(PPLO) broth was used for the identification of Mycoplasma
hominis and Ureaplasma urealyticum by diluting the cervical
samples in arginine-containing and urea-containing liquid
media, respectively, thereafter incubating the media at 37°C
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until there was a colour-change after 5–7 days for M. hominis
and 2 days for U. urealyticum.

Lymphoproliferative assay

The tube containing the cytobrush was vortexed before
removing the brush and the cells were filtered through a
sterile 70-mm nylon cell strainer (Becton Dickinson, San
Diego, CA, USA) to make a homogeneous preparation of
cells. These were then centrifuged at 200 g for 10 min, the
resulting pellet yielding endocervical cells. The population of
epithelial cells and lymphocytes in the cytobrush sample was
counted with a haemocytometer and samples containing less
than 1 million lymphocytes/ml were excluded.

Peripheral blood mononuclear cells (PBMCs) were pre-
pared by Ficoll-Hypaque density gradient centrifugation.
The endocervical cells and PBMCs were then washed three
times with Hank’s balanced salt solution (Sigma, St Louis,
MO, USA) and suspended in RPMI-1640 medium (Sigma)
supplemented with 10% heat-inactivated human AB se-
rum for lymphoproliferation assay. Briefly, the cells were
cultured in triplicate in round-bottomed 96-well plates
(5 ¥ 104 cells/well) with or without antigen in a total
volume of 200 ml. Cultures were incubated in humidified
5% CO2 at 37°C for 6 days. Synthetic biotinylated peptides
corresponding to epitopes of MOMP antigen (VLGTS-
MAEFISTNVIS) and C. trachomatis HSP60 and HSP10
(Techno Concept, New Delhi, India) were used as antigens
at a protein concentration of 2·5 mg/ml. The peptides cor-
responded to amino acids 151–162 (SANNDAEIGNLI) for
cHSP60 and 79–87 (SGQELTVEG) for cHSP10 [16,17].
Phytohaemaglutinin (Sigma, 1 mg/ml) was used as a positive
control mitogen in each experiment. Optimum concentra-
tions of antigens and mitogen were determined in prelimi-
nary experiments as minimum concentrations giving
maximum proliferations. [3H]Tritiated thymidine (Bhabha
Atomic Research Centre, Mumbai, India) was added to the
cultures before the last 18 h of incubation. Proliferative
responses were measured as counts per minute (cpm) of
incorporated radioactivity using a liquid scintillation
counter (Packard Biosciences, Downers Grove, NE, USA).
Results were expressed as stimulation indices (SI = mean
cpm in the presence of antigen divided by mean cpm in its
absence). A SI value > 2 was considered a positive response.
After 6 days supernatants were collected after pelleting
down the cells and stored for detection of antibodies against
cHSP60 and cHSP10.

Flow cytometry

Quantification of different T cell subsets and B cells in
the samples was performed by standard flow cytometric
technology. Endocervical cells obtained were stained with
FITC-conjugated anti-CD4 and CD19 antibodies, and phy-
coerythrin (PE)-conjugated CD8 (Becton Dickinson, San

Jose, CA, USA) for 25 min on ice. Preparations were then
washed with buffer [PBS supplemented with 0·1% NaN3 and
2% fetal bovine serum (FBS)] and acquired using a fluores-
cence activated cell sorter (FACS) (FACSCaliber; BD Bio-
sciences, San Jose, CA, USA). A total of 10 000 events were
acquired. Appropriate isotype-matched control antibodies
were used to rule out non-specific fluorescence.

Antibody assays

Sera of patients and controls was assayed for IgG antibodies
to C. trachomatis surface components by commercially
available enzyme-linked immunosorbent assay (ELISA) kit
(Ridascreen, AG, Darmstadt, Germany), according to the
manufacturer’s instructions. Results were obtained as mean
absorbance of duplicated samples at 450 nm. An optical
density (OD) > 1·1 was considered positive.

Cervical washes of patients and controls were assayed for
presence of IgG and IgA antibodies to synthetic peptides for
cHSP60, cHSP10 and MOMP antigen. Briefly, the peptides
were bound to the wells of a microtitre plate (2·5 mg/well) in
carbonate buffer (14·2 mM Na2CO3, 34·9 mM NaHCO3,
3·1 mM NaN3, pH 9·5) and were incubated overnight at
4°C. After washing the unbound peptides the non-specific
binding sites were blocked with phosphate-buffered saline
(PBS)-0·5% bovine serum albumin (BSA) at 37°C for
60 min; 100 ml of cervical wash was then added, and after
incubation at 37°C for 120 min 100 ml of 1 : 10 000 dilution
of peroxidase-conjugated goat antibody to human IgA and
IgG (Jackson Immunoresearch, Baltimore, MD, USA) was
added to each well. After further incubation of 60 min at
37°C, the peroxidase substrate tetramethylene benzidine was
added. The reaction was stopped with 0·5 M H2SO4 and the
plates were read at 450 nm. Known positive and negative
controls (cervical washes of known C. trachomatis-positive
and -negative women) were always assayed in parallel to test
samples. A positive sample was defined as one yielding an
OD value that was at least 2 standard deviations (SD) above
the mean value of known negative samples.

Quantification of cytokines

Quantification of interleukin (IL)-1b, IL-6, interferon
(IFN)-g and IL-10 in cervical washes was performed
by commercially available ELISA kits (Ebiosciences, San
Diego, CA, USA), in accordance with the manufacturer’s
instructions. The absorbances were read at 450 nm, log–
log standard curves were generated and unknowns were
interpolated.

Statistical analysis

The Kruskal–Wallis non-parametric test was used to
compare continuous variables among multiple groups. The
Mann–Whitney U-test was used for comparing two groups.
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Categorical variables were compared using the c2 test. Cor-
relation was tested with Spearman’s correlation coefficient.

Results

Study population

Cervical C. trachomatis infection was diagnosed by direct
fluorescent assay/PCR in 197 patients. Twenty of these
patients were found to be co-infected with either Candida
sp., bacterial vaginosis, T. vaginalis, M. hominis, U. urealyti-
cum or N. gonorrhoeae in the cervix and were thus excluded
from the study. Six Chlamydia-positive patients were
excluded, as the lymphocyte population in the cervical cells
was less than 1 million/ml. Based on the clinical history and
diagnosis the patients were categorized into two groups.
Group I (n = 44) comprised patients without any previous
history of chlamydial infections, as confirmed by the absence
of IgG antibodies against C. trachomatis in serum of infected
women. Group II (n = 81) comprised women having recur-
rent chlamydial infections and being tested positive for
infection on � 2 consecutive visits separated by 6 months.
All women positive for chlamydial infection received antibi-
otic therapy after their each visit. The clinical profile of these
patients is summarized in Table 1. The median ages of
women with primary or recurrent infections and controls
were comparable (27, 29 and 28 years, respectively). Women
with recurrent infections have a higher prevalence of mul-
tiple spontaneous abortions than controls or women with
primary infections, but the difference was non-significant
(Table 1).

T lymphocyte subsets in the cervix of women

The median range of CD4 and CD8 lymphocytes among
endocervical leucocytes in women which were included in
the study was between 59% and 86% and that of B lympho-
cytes was between 1% and 4%. The median CD4 percentage
in controls was 75% and that of CD8 was 60% among
endocervical leucocytes (ratio CD4 : CD8, 1·25 : 1). In
women with primary chlamydial infections the median CD4
percentage was 84% and that of CD8 cells was 65% (ratio
CD4 : CD8, 1·29 : 1). In women with recurrent infection the

median CD4 percentage was 80%, and that of CD8 was 63%
(ratio CD4 : CD8, 1·26 : 1). No significant difference was
observed in the median percentages of B lymphocytes
between the groups.

Lymphocyte proliferative responses to synthetic
peptides for MOMP antigen

Cell-mediated immune response was assessed by stimulating
local endocervical lymphocytes and PBMCs with synthetic
peptides for MOMP antigen. Positive responses (SI > 2) to
MOMP were more common in both cervical lymphocytes
(CL) and PBMCs of patients with primary infections
(Table 1), but was not statistically significant from other
groups. No significant difference was observed in median SI
of CL or PBMCs to MOMP (CL: controls SI 1·14, range
0·5–1·9; primary infection SI 1·71, range 0·72–6·22; recur-
rent infection SI 1·4, range 0·7–4·83) and (PBMCs: controls
SI 1·21, range 0·71–2·14; primary infection SI 1·89, range
0·73–5·46; recurrent infections SI 1·25, range 0·62–3·96) but
the difference was not statistically significant.

Lymphocyte proliferative responses to synthetic
peptides of cHSP10

Positive responses (SI > 2) to cHSP10 were more common in
patients with recurrent infections (Table 1) and was statisti-
cally significant (P < 0·05) from other groups in the case of
CLs. No significant difference was observed in median SI of
CLs or PBMCs to cHSP10 (CLs: controls SI 1·2, range 0·2–
3·9; primary infections SI 1·1, range 0·6–4·4; recurrent infec-
tion SI 1·78, range 0·7–8·2) and (PBMCs: controls SI 1·52,
range 0·62–2·71; primary infections SI 2·05, range 0·7–6·4;
recurrent infections SI 1·9, range 0·79–5·42) (Fig. 1a). No
correlation was found between local IgA or IgG antibodies to
cHSP10 and proliferative responses of CLs or PBMCs to
cHSP10 in any group.

Lymphocyte proliferative responses to synthetic
peptides of cHSP60

Cell-mediated immune response to synthetic peptides of
cHSP60 did not differ significantly between groups in either

Table 1. Characteristics of study population.

Groups

Age, median

years (range)

Multiple sp.

abortions (%)

Positive LP response to no (%)

Cervical lymphocytes PBMCs

MOMP cHSP10 cHSP60 MOMP cHSP10 cHSP60

Control (n = 45) 28 (20–45) 1 (2) 4 (9) 3 (7) 3 (7) 5 (11) 4 (9) 4 (9)

Primary infection (n = 44) 27 (22–43) 0 (0) 13 (30) 4 (9) 6 (14) 17 (38)c 7 (16) 6 (14)

Recurrent infection (n = 81) 29 (19–48) 13 (16)a 9 (11)d 21 (26)b 18 (22) 20 (25) 11 (14) 17 (21)

Figures in parentheses denote percentage. Major outer membrane protein (MOMP); cHSP: chlamydial heat shock proteins;

LP = lymphoproliferative; PBMC: peripheral blood mononuclear cells. aP < 0·05 compared with all others: bP = 0·01 compared with all others: cP < 0·05

compared to controls: dP < 0·05 compared to primary infection group.
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CLs or PBMCs (CLs: controls median SI 1·4, range 0·8–1·9;
primary infections SI 1·4, range 0·6–5·4; recurrent infections
SI 1·85, range 0·8–8·43) and (PBMCs: 1·65, range 0·52–2·91;
primary infection SI 1·94, range 0·73–5·77; recurrent infec-
tions SI 1·98, range 0·51–6·71) (Fig. 1b). Positive responses
(SI > 2) to cHSP60 were more numerous in patients with
recurrent infections in both CLs and PBMCs (Table 1) but
was not statistically different from women with primary
infections. A significant positive correlation (r = 0·54;

P < 0·01) was found between cervical IgA antibodies to
cHSP60 peptide and proliferative responses of CLs of
patients with recurrent infections to peptides of cHSP60.

Cervical antibodies to C. trachomatis and heat shock
proteins

The prevalence of antibodies in cervical washes is shown in
Table 2. The prevalence of IgG and IgA antibodies to C.
trachomatis MOMP antigen was significantly higher in
patients with primary infections than in patients with recur-
rent infections (P < 0·0001 and P < 0·05). In contrast, the
prevalence of IgG and IgA antibodies against peptides of
cHSP10 and IgG antibodies to cHSP60 was significantly
higher (P < 0·01) in patients with recurrent infections com-
pared to other groups. Individual results for testing for local
IgA antibodies to peptides of cHSP60 and cHSP10 are shown
in Fig. 2a,b.

We also evaluated in vitro secretion of antibodies by cer-
vical lymphocytes upon stimulation with peptides for
cHSP10 and cHSP60. Only the endocervical lymphocytes
obtained from patients with recurrent infections were able to
proliferate and secrete IgG antibodies significantly (P < 0·01)
over cells obtained from patients with primary infections
(data not shown).

Concentration of IL-1b and IFN-g in cervical washes

The concentrations of IL-1b, IL-6, IFN-g and IL-10 in cervi-
cal washes are given in Table 3. IL-1b levels were higher in
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Fig. 1. Proliferative responses (stimulation index) of cervical

lymphocytes and peripheral blood mononuclear cells (PBMCs) to (a)

chlamydial heat shock proteins (cHSP)10 and (b) cHSP60 in women

with primary or recurrent Chlamydia trachomatis infection and

controls. The horizontal line in the middle of the box is the median

value of the responses and the lower (upper) 25th (75th) percentile.

Table 2. Prevalence of antibodies in cervical washes of women.

Control

(n = 45),

no (%)

Primary

infection

(n = 44),

no (%)

Recurrent

infection

(n = 81),

no (%)

Ctr-IgG+ 3 (7) 35 (78)a 19 (23)

Ctr-IgA+ 3 (7) 23 (52)b 30 (37)

cHSP10 IgG+ 5 (11) 9 (20) 35 (43)c

cHSP10 IgA+ 0 (0) 4 (9) 20 (25)d

cHSP60 IgG+ 4 (9) 11 (25) 36 (44)e

cHSP60 IgA+ 4 (9) 12 (27) 27 (33)

Ctr = Chlamydia trachomatis; aP < 0·0001; bP = 0·04; cP = 0·0008;
dP = 0·007; eP = 0·004. P-values are in comparison with both controls

and patient groups. cHSP: chlamydial heat shock protein.

Table 3. Cytokine levels in cervical washes of women.

Control

(n = 45)

Primary infection

(n = 44)

Recurrent infection

(n = 81) P

IFN-g median (range; pg/ml) 109 (10·6–597) 64 (7·3–324) 207 (0–500) < 0·01

IL-6 median (range; pg/ml) 11·9 (0–127) 14·6 (0–158) 8·6 (0–117) n.s.

IL-1b median (range; pg/ml) 35 (0–350) 23 (0–164) 77 (7·6–568) n.s.

IL-10 median (range; pg/ml) 6·8 (0–16·8) 8·8 (0–30·9) 6·9 (0–22·8) n.s.

IFN: interferon; IL: interleukin; n.s.: not significant.
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recurrent infections than primary infections, but the
increase was not significant. IFN-g levels were significantly
higher in recurrent infections than in primary infections
(P < 0·01). There was a significant correlation of IFN-g levels
with antibodies to cHSP60 during recurrent infections
(r = 0·67; P < 0·0001). No significant difference was observed
in the levels of IL-6 and IL-10 in all patient groups.

Discussion

In women,chlamydial infections are often asymptomatic,and
subsequent reinfections lead to inflammatory responses with
pathological sequelae [18]. Because all the studies on cHSPs
to date have been performed with PBMCs, we also looked for

differences in cytokine production between cervical lympho-
cytes and PBMCs. Cervical cells are the actual cells encoun-
tering the pathogen, and their responses would help towards
a much better understanding of the immunopathogenesis of
chlamydial disease; thus, we evaluated the mucosal immune
responses to cHSPs and compared them with peripheral
responses during primary and recurrent chlamydial infec-
tion.We enrolled healthy controls and C. trachomatis-positive
women, as the cells obtained from controls act as naive cells
mimicking the primary immune response; cells from C.
trachomatis-positive women with primary infections will
mimic the secondary immune response, as they are already
exposed to the pathogen; and cells obtained from women
with recurrent infection will mimic cells which have encoun-
tered the antigen a few times previously.

We found that women with recurrent infections have sig-
nificant humoral and cell-mediated immune responses
towards cHSP10 and cHSP60. Our results correlated with
previous studies, suggesting that immune sensitization to
HSPs probably requires prolonged exposure of them at
elevated concentrations [19]. Our results demonstrate that
cHSP10 induces proliferation of cervical lymphocytes
obtained from women with recurrent infections more sig-
nificantly than cHSP60, thus showing that its role can be
more important than cHSP60 in the pathogenesis of
chlamydial infections. cHSP10 is associated with chronic
genital tract infection and is homologous to human chap-
eronin (Cpn10) and early pregnancy factor (EPF), a form of
Cpn10 that is secreted especially at the start of pregnancy. It
has been reported previously that infertility was associated
with the presence of anti-cHSP10 and anti-EPF antibodies in
serum [20]. A study by La Verda et al. [17] demonstrated that
women with acute infection and tubal factor infertility (TFI)
recognized cHSP10 more frequently, with infertile women
having greater seroreactivity to cHSP10 than acutely infected
women. They also demonstrated that among women with
similar exposure to chlamydiae, serological responses were
greater to HSP10 in the TFI group than HSP60 or MOMP. As
for cHSP60, there have been reports that during repeated
and severe C. trachomatis infection there is enhanced recog-
nition of cHSP60 by circulating lymphocytes [12,21] and it
has been shown that PBMCs from women with tubal factor
infertility responded more frequently to cHSP60 antigen
[22]. However, our results show that, although not signifi-
cant, there was lesser recognition of cHSP10 and more of
cHSP60 by PBMCs obtained from women with recurrent
infection compared to CLs from the same women, which
recognize cHSP10 very strongly. These results suggest that
PBMCs and CLs differ in their responses towards cHSPs and
CLs begin to recognize cHSPs only after infection has taken
place more than once. Thus, studies involving PBMCs
may, in fact, not present the true picture of chlamydial
pathogenesis.

We also found a higher prevalence of antibodies to
cHSP60 and cHSP10 peptides in cervical washes of women
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Fig. 2. Immunoglobulin A (IgA) antibodies to synthetic peptides

corresponding to epitopes of (a) chlamydial heat shock proteins

(cHSP)10 and (b) cHSP60 in cervical washes of women with primary

or recurrent infection and controls. The horizontal line indicates the

lower boundary of a positive antibody response.
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with recurrent infection in contrast to antibodies against C.
trachomatis surface antigens, which were significantly higher
during primary infections. As postulated previously [23],
cells infected chronically with C. trachomatis synthesize only
low levels of structural components but continue to produce
cHSP60 at higher levels. Because bacterial and human HSP
share ~50% amino acid sequence homology [24], it has been
proposed that prolonged exposure of the immune system to
cHSP60 may lead to autoantibody formation [25]. A high
prevalence of cHSP60 IgA has been shown in 20·7% of the
patients undergoing in-vitro fertilization (IVF) and none
of these women had ever had a recognized chlamydial
infection. The presence of this antibody has thus been shown
to be considered as reflecting an acute immune response
[26]. Our study also reported a higher prevalence of multiple
spontaneous abortions among women with recurrent
infections. As postulated previously [27], the presence of
cervical IgA antibodies to the immunodominant epitope of
cHSP60 corresponding to 260–271 amino acids correlated
with embryo loss after transient implantation of embryos in
the uterus of women undergoing IVF. Another study by
Witkin et al. [27] implied that cervical IgA antibody to con-
served HSP60 epitopes and the failure of successful implan-
tation after embryo transfer is interrelated. We also found a
significant prevalence of IgA cSHP10 antibodies along with
cHSP60 antibodies in women with recurrent chlamydial
infections, and these results are in concordance with previ-
ous studies that demonstrated that cHSP10 is co-expressed
with cHSP60 [28].

Earlier studies in our laboratory have also reported
increased levels of IFN-g in infertile women infected with C.
trachomatis [29]. It has been reported previously that under
conditions of IFN-g-mediated deprivation of tryptophan, a
decrease in MOMP and 60-kDa OMP expression was
observed, but the synthesis of cHSP60 is maintained as it
contains no tryptophan residues, as deduced from the nucle-
otide sequence [30]. Another possibility is that under
conditions of stress, mRNA for stress response proteins con-
tinues to be transcribed, whereas that for structural proteins
is down-regulated. Our results showed higher levels of IFN-g
during recurrent infections and the levels have a significant
correlation with cHSP60 antibody titres. As a balance of pro-
and anti-inflammatory cytokines is important for immune
protection during chlamydial infection, IL-10 levels were
studied in cervical washes, but no significant difference was
found in the levels between primary and secondary
infections. In addition, IL-1b and IL-6, both proinflamma-
tory cytokines, did not show any correlation with the clinical
conditions or with the presence of cHSP antibodies. None of
these three cytokines was found to have any correlation with
either cHSP10 or cHSP60 antibody titres. Thus, it can be
suggested that IL-1b, IL-6 and IL-10 may not play a signifi-
cant role in the clinical outcome of chlamydial infection.

In conclusion, our study reveals that mucosal immune
responses towards chlamydial infection are different from

those of PBMCs and knowledge of the exact mechanism
involved in the pathogenesis can be gained through studies
involving cervical lymphocytes and not PBMCs. Among the
four cytokines studied, IFN-g was found to be the only
cytokine which could be involved in modulation of the
immune responses towards chlamydial infection directly, by
causing acute inflammation, or indirectly through modula-
tion of HSPs expression. We also propose that levels of
IFN-g, along with IgA antibody responses to C. trachomatis,
cHSP10 and cHSP60 in cervical washes, can be used to
screen and identify women who are at increased risk of
the development of sequelae, thus helping in their timely
treatment.
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