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Abstract

Introduction: Chlamydia trachomatis (CT) and human papillomavirus (HPV) are considered to be major
sexually transmitted infections (STIs) and likely health hazard among women. In addition, HPV and CT are
considered as potential cofactors in the development of cervical intraepithelial neoplasia (CIN). Objectives: The
main objective of this study was to investigate the association of HPV and CT infection with the presence
of abnormal cervical cytology. Materials and Methods: A cross-sectional study was carried out on 90
women with complaints of vaginal discharge attending STI clinic in a tertiary care hospital in New Delhi.
Papanicolaou staining and polymerase chain reaction were done for the detection of HPV and CT. Statistical
analyses were performed for comparison. Results: Abnormal cervical cytology was observed in 42.2% of the
study participants (41.1% low-grade squamous intraepithelial neoplasia and 1.1% high-grade intraepithelial
neoplasia). HPV and CT were positive in 21.1% and 31.5% of participants with abnormal cervical cytology,
respectively. Coinfection with HPV and CT was observed in 84.2% of participants with cervical atypia. Further,
genital herpes was diagnosed in 18.9% of the studied population and a significant association was observed
between genital herpetic ulcers and abnormal cervical cytology (P = 0.016). Conclusion: CT was found to
be a significant risk factor for cervical cytological abnormalities in our study. HPV and CT coinfection were
also associated with a higher prevalence of cervical atypia. As chlamydial infection is easily treatable, we
recommend screening and treatment of all women of the reproductive age group for Chlamydia to decrease
the risk of cervical dysplasia. Limitation: This is a single-center STI clinic-based study. Multicenter and
community-based studies with a larger cohort will confirm the association.
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INTRODUCTION

Cervical cancer is the second most common
malignancy worldwide.!" As per GLOBOCON
2008 estimates, cervical cancers account for
9% of the total new cancer cases, with India
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contributing 20%-30% of the burden.!"? Further,
India accounts for 77,100 of the total cervical
cancer-related deaths.?! Persistent human
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papillomavirus (HPV) infections have been
incriminated in virtually all of the 500,000 cases
of invasive cervical cancers (ICC) that occur
per year worldwide.l’ Due to its central role in
the etiology of cases of cervical cancer, HPV is
correctly called a necessary, but not sufficient
trigger of cervical cancer. Additional risk factors
include HIV, immunosuppression, multiple sexual
partners, and age of first intercourse, cigarette
smoking, and the presence of other sexually
transmitted infections (STIs) such as Chlamydia
trachomatis (CT).™

CT is the most common bacterial sexually
transmitted disease worldwide.F! Various studies
have reported a 5% prevalence of Chlamydia
in the general population and 20%-40% in
patients with STL.IY HPV and CT play a central
role in the etiology of cervical intraepithelial
neoplasia (CIN) and subsequent development of
cervical cancer. Chlamydia can lead to epithelial
disruptions and microabrasions, thus increasing the
susceptibility to HPV infection.”” The prevalence of
HPV/CT coinfection has been reported to be around
0.7%-23.5% in women with CIN and cervical
cancer.®) However, the association between HPV
and CT infection still remains controversial as
other studies failed to find an association between
these infections and severity of cervical neoplasia.”
Chlamydial infection is easily treatable, and
therefore, may be an important therapeutic target
for the prevention of cervical neoplasia. The aim
of the present study was to ascertain the incidence
of chlamydial infections in sexually active women,
and the association of Chlamydia and HPV infection
with cervical cytological abnormalities in women
attending a STI clinic.

MATERIALS AND METHODS

Study subjects

A cross-sectional study applied to 90 women
fulfilling the inclusion criteria was carried out at
a STI clinic of a tertiary care hospital in North
India, following approval from the Institutional
Ethical Committee. The inclusion criteria included
consecutive, sexually active women aged between
18 and 45 years presenting with complaints of
vaginal discharge who consented for undergoing
speculum examination and planned investigations.
The exclusion criteria included pregnancy, women
who had recently (within last 15 days) received
antibiotics or were using intravaginal medications,
menstruating or with the presence of active vaginal
bleeding, visible cervical growth or ulceration, and
history of prior treatment on the cervix.

A written and informed consent was obtained and
each participant was asked a brief questionnaire
regarding their personal details including
socioeconomic status, medical history, sexual
practices, smoking, and HIV status followed by a
clinical examination as per the predesigned case
record form. Laboratory investigations such as
hemogram and Venereal Disease Research Laboratory
were carried out. HIV sample was taken after
informed and written consent with counseling done
according to the National AIDS Control Organization
guidelines.

Cervical samples were collected for conventional Pap
smear. The Ayre’s spatula and cytobrush used for
cervical cytology were then immediately transferred
to 15-ml plastic vials containing 5 ml of sterile
phosphate-buffered saline and stored at — 70°C in a
deep freezer until isolation of DNA for polymerase
chain reaction (PCR) assay for HPV and Chlamydia.

A pathologist experienced in reading cervical
cytology specimens and blinded from the clinical
details participated in the study and reviewed
the cytosmears. The diagnosis for cervical smears
was classified according to Bethesda classification.
PCR was done for detection of HPV and CT.
Genomic DNA of the cervical scrapes from patients
was extracted by a standard method described
by Sambrook and Russell. PCR assays utilized
consensus sequence primers directed to a conserved
L1 gene, and hence able to detect all mucosal HPV
types. HPV typing was done using type-specific
primers, that is, HPV-6, 11, 16, and 18. The PCR
reaction for HPV detection consisted of an initial
melting step of 95°C for 5 min; 35 cycles at 95°C
for 30 s, at 55°C for 35 s and at 72°C for 30 s, and
a final elongation step of 72°C for 10 min. PCR
product was then visualized on ethidium bromide
stained on 2% agarose gel.

Statistical analyses

For analysis, the study group was divided into two

groups:

* Group 1: Absence of cervical cytological atypia on
Pap smear

e Group 2: Cervical cytological atypia present on Pap
smear.

All statistical analyses were carried out using SPSS
software version 20.0 (IBM Corp. Released 2011.
IBM SPSS Statistics for Windows, Version 20.0.
Armonk, NY: IBM Corp). Cytology was reported
according to the Bethesda system. Association of
outcome and exposure was tested with Fischer exact
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test and exposure to more than two categories with
the Chi-square test. The significance of statistical
Chi-square/Fisher’s exact test, two-tailed P < 0.05
was considered as statistically significant.

RESULTS

Population characteristics

The mean age of the studied population was
28.8 = 5.6 (20-43) years. Most of the patients
belonged to the 18-29 years of age group (57.8%).
Cervical cytological atypia was found to be the
highest in the age group of 18-29 years (63.1%).
The education level in the studied population was
low with 53.3% of patients being uneducated. The
mean income was INR 7880 = 9710. About half of
the patients with cervical cytological atypia (47.3%)
belonged to the low-income group [Table 1].

Risk factors associated with cervical cytological
atypia

The mean age of first sexual intercourse of the
study group was 17.7 * 2.7 years. In the present
study, early age of first sexual intercourse was
found to be a significant risk factor for cervical
cytological abnormalities (P = 0.003). The overall
mean number of sexual intercourse in the past
6 months was 21.3 * 14.4. The mean number
of sexual intercourse in the past 6 months was
found to be higher in patients with abnormal
cytology and the association was found to be
highly statistically significant (P = 0.0001). Sixteen
patients (17.8%) reported contact with more than one
sexual partner (range 2-4). However, none reported
contact with more than one partner in the previous
6 months. A statistically significantly higher number
of patients with abnormal cytology were found to
have more than one sexual partner (P = 0.047).
The number of nullipara women in the cohort
with abnormal cytology (5.3%) was comparable
with the study participants with normal cervical
cytology (11.5; P = 0.307) and no association

with parity was evident. Among the demographic
factors, usage of contraceptive was reported by
only 46.7% of the study cohort such that the
contraceptive usage was higher in patients without
unremarkable cytology versus those with abnormal
cytology [P = 0.859; Table 1]. Condoms were the
most common contraceptives used (76.2%) followed
by intrauterine contraceptive device (12.0%) and
oral contraceptives (9.5%). History of smoking was
elicited in only four patients. None of the patients
reported any history of chewing tobacco, alcohol,
narcotics, or intravenous drug abuse. Overall only
3 (3.33%) study participants were found to be HIV
positive.

Genital complaints

Genital discharge being an inclusion criterion was
present in all the patients. Genital itching was
the next most common genital complaint (65.6%),
followed by abdominal/pelvic pain (20.0%),
backache (14.4%), and burning micturition (2.2%).
There was no significant difference in the frequency
of these complaints between the two groups. None of
the patients had complaints of postcoital bleeding or
menstrual irregularities.

Prevalence of sexually transmitted infections
Genital herpes was diagnosed in 18.9% of the
studied population. A significant association
was observed between the presence of genital
herpetic ulcers and abnormal cytology in our
study (P = 0.016). Genital warts were present
in 10 (11.1%) patients and a higher, though
insignificant prevalence was seen in patients with
abnormal cervical cytology (18.5%) as compared
to those without atypia (5.7%; P = 0.085). Genital
molluscum contagiosum was diagnosed in 4.4% of
patients.

Cytology
Cervical abnormalities were detected in 44.4%
of study participants with a reactive nuclear

Table 1: Risk factors for cervical cytological abnormality in the studied population (number of

participants with that variable present)

Risk factors Normal cytology (n=52) Cervical cytological atypia (n=38) P
Uneducated 28 20 0.554
Low SE status 18 12 0.58
Mean age at first sexual intercourse 18.4 16.7 0.003
Mean number of sexual exposures in the last 6 months 16.3 27.5 <0.0001
Mean number of sexual exposures in the last 1 year 28.8 54.4 <0.0001
>1 sexual partner 4 10 0.047
Contraceptive used 27 16 0.085
HIV positive 1 1.000
Herpetic ulcers 5 12 0.016

SE: Socioeconomic
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enlargement in 2.2% smears and dysplasia
in 42.2% of study participants. Among the
total study participants, 41.1% presented with
low-grade squamous intraepithelial lesion neoplasia
[LSIL; Figure 1] and 1.1% with high-grade squamous
intraepithelial lesion neoplasia [HSIL; Figure 2].

Abnormal flora was seen in 54 (60.0%) patients,
columnar cells in 22 (24.4%) patients and
inflammatory cells in 20 (22.2%) cytosmears, and
multinucleate giant cells were detected in two
smears from patients with a diagnosis of genital
herpes.

Prevalence of HPV and CT in patients with cervical
abnormal cytology: A total of 8 (8.9%) patients were
found to be positive for cervical HPV and all were
detected to have abnormal cytology on cervical
cytology examination. Hence, a highly significant
association was observed between cytological
abnormality and HPV infection (P = 0.001).
Moreover, the prevalence of HPV [Figures 3] in
LSIL and HSIL was 18.9% and 100%, respectively.
HPV16 [87.5%; Figure 4] was the most common type
detected followed by HPV18 [12.5%; Figure 5].

CT infection was detected in 16.7% smears by
PCR method. [Figure 6]. Chlamydia isolation
was significantly more in patients with abnormal
cytology (31.5%) as compared to those without
unremarkable cytology (5.8%; P = 0.004). Chlamydia
was found to be positive in 27.7% of patients with
LSIL and in the one patient with HSIL.

HPV and chlamydial coinfection were detected
in 6.7% of our study population and all these
patients were found to have abnormal cytology.
A highly significant association was found between
HPV/chlamydial coinfection with cervical abnormal
cytology [P = 0.001, Table 2]. The coinfection was
detected in the one patient with HSIL and in five
patients with LSIL [Table 3].

DISCUSSION

Cervical cancer often arises from precancerous
dysplastic lesions — CIN. The incidence of
both cervical cancer and its precursor lesions
has increased in the past decades.*!0 HPV
is a prerequisite for cervical cancer, but other
cofactors have been implicated and these act by
influencing HPV acquisition, its persistence, and
development of neoplasia. STI such as herpes
simplex-2 may act as one of the cofactors.'*'* In
our study, genital ulcers were present in 18.9%
patients and all were diagnosed to be due to herpetic

Figure 1: Cervical Pap staining (x40); cell showing low-grade squamous
intraepithelial lesion

Figure 2: Cervical Pap staining (x40); cell showing high-grade squamous
intraepithelial lesion

M P N S1 $2 83 N1 N2 N3

- 450bp

¥Figure 2% agarose gel showing theamplification of L1 gene;
LaneM: ¢x 174 DNA/Haelll digested marker, LaneP: Positive
control;

LaneN: Negative control; Lane S1 to $3 :Cancer samples; LaneN1
toN3:Normal samples

Figure 3: Two percent agarose gel showing the amplification of human

papillomavirus L1 gene of 450 bp; Lane M: ¢px 174 DNA/Hae Il digested

marker, Lane P: Positive control, Lane N: Negative control; Lane S1 to
83: Cancer samples; Lane N1 to N3: Normal samples
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Figure 4: Two percent agarose gel showing the amplification of human
papillomavirus 16 of 217 bp; Lane M: ¢px174 DNA/Hae Il digested
marker, Lane P: Positive control; Lane N: Negative control; Lane S1 to
83: Cancer samples; Lane N1 to N3: Normal samples

Figure 5: Two percent agarose gel showing the amplification of human
papillomavirus-18 of 100 bp; Lane M: ¢px174 DNA/Hae lll digested
marker, Lane P: Positive control; Lane N: Negative control; Lane N1
control, S1 cancer sample

M N P S1 S2S3 54 S5 S6 S7 S8 $S9
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2% agarose gel showing the amplification of gyrA gese,
Lame M: 100bp DNA Ladder, Lane N: Negative control,
Lame P: Positive control; Lames S1-S9: 463 bp PCR prodmct

Figure 6: Two percent agarose gel showing the amplification of
Chlamydia gyrA gene 468 bp, Lane M: 100 bp DNA Ladder, Lane
N: Negative control, Lane P: Positive control; Lanes S$1-S9: 468 bp
polymerase chain reaction product

Table 2: Association of cervical cytological
abnormality with human papillomavirus and
Chlamydia trachomatis population (number of
participants with that variable present)

Normal Cervical cytological P
cytology (n=52) abnormality (n=38)
HPV positive 0 8 <0.0001
CT positive 3 12 0.004
HPV and CT 0 6 <0.0001

coinfection
CT: Chlamydia trachomatis; HPV: Human papillomavirus

Table 3: Correlation of human papillomavirus
and Chlamydia with grades of cervical atypia
population (number of participants with that
variable present)

Infective agent Atypia-absent  Atypia-LSIL  Atypia-HSIL
detected (%) (n=37) (%) (n=1) (%)
HPV positive 0 (0) 7 (18.9) 1 (100)
Chlamydia positive 3 (6) 11 (27.7) 1 (100)

HSIL: High-grade squamous intraepithelial lesion; LSIL: Low-grade
squamous intraepithelial lesion; HPV: Human papillomavirus

virus. A significantly higher number of patients
with cervical abnormal cytology (31.5%) had the
presence of genital herpes ulcers as compared to
those with normal cytology (9.6%, P = 0.016). The
increased cancer risk associated with these infections
may be attributed to the inflammatory responses
that are associated with the generation of free
radicals and genetic instability. Castellsague et al.
in their study found a two fold increased risk of
cervical cancer in patients with HSV-2 infection."!
Some other studies"*'! have also reported HSV-2
as a cofactor, but the accumulated evidence is
much less consistent and has not been confirmed
in longitudinal studies. To confirm our findings,
we recommend further studies on larger cohorts
including patients with known abnormal cytology,
with a focus on the role of genital herpes as a
cofactor for cervical dysplasia.

The overall prevalence of HPV in our study was
found to be 8.9%. Contrary to our findings, Bhatla
et al.™® in their study on 618 women attending their
gynecology OPD reported a higher overall prevalence
of high-risk HPV (18%). The prevalence of HPV in
our patients with cervical abnormal cytology (21.1%)
was found to be highly significant when compared
to those without dysplasia (0%; P = 0.005). Basu
et al."®! and Yang et al.'’! reported a prevalence of
5.8% and 6.93%, respectively in their studies on
healthy women of reproductive age group. In our
patients, the prevalence of HPV in LSIL and HSIL
was 18.9% and 100%, respectively. The prevalence
of HPV in smears diagnosed as atypical squamous
cells of undetermined significance (ASCUS), LSIL,
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and HSIL was reported to be 47.2%, 25%, and
83.3%, respectively by Bhatla et al. Ogembo et al."”
in their meta-analysis reported HPV prevalence to
be 16.4% in ASCUS, 24.5% in LSIL, 45.1% in HSIL,
and 67.7% in ICC. Therefore, from data available so
far, including findings of our study, we can conclude
that HPV is a major risk factor for cervical dysplasia.
Furthermore, the strength of this association
between HPV and cervical dysplasia is found to
be more evident in higher grades of dysplasia.
The most common HPV found in our study was
HPV16 (87.5%) followed by HPV18 (12.5%). This
was similar to the results reported by Yang et al.l'”!
and Smith et al.,!'® where HPV16 was the most
common HPV type detected.

Chlamydia has been widely studied as a
potential HPV cofactor in cervical dysplasia due
to possibility of concomitant infection, similar
mode of transmission, asymptomatic nature, and
persistence if untreated. CT can lead to epithelial
damage allowing ease of HPV entry, enhancement
of HPV viral load, inhibition of apoptosis, E6/E7
oncogenes overexpression, and cell transformation
with genomic instability. Both Chlamydia and HPV
infections increase the Ki-67 expression that is a cell
proliferation marker of cervical epithelium." Further,
Chlamydia enhances HPV-16 protein infection
in LSIL. Paba et al.® have also reported altered
levels of mediators of the cell cycle and immune
response in cases of synchronous coinfection.
Gopalkrishna et al.l? in their study in Indian
women with known cervical dysplasia reported the
prevalence of Chlamydia to be 12% in precancerous
lesions and 22% in cancerous lesions. In contrast
to the above studies, Madeleine et al. and Giuliano
et al. found no significant association between
Chlamydia infection and cervical dysplasia.l" The
methods used for Chlamydia detection in all the
above studies were different. Some authors employed
serological status for Chlamydia, whereas others used
highly sensitive molecular techniques. Due to these
differences, it is difficult to compare results from
different studies.

In the present study, the prevalence of
Chlamydia in patients with cervical cytological
abnormalities (31.5%) was found to be significantly
higher than those without atypia (5.8%, P = 0.004).
As is evident, the prevalence of Chlamydia in
cervical abnormal cytology was found to be higher in
our study when compared to the above studies. This
could be attributed to the present study being based
in a STI clinic at a tertiary care center. Further, the
prevalence of Chlamydia in LSIL and HSIL was
found to be 29.7% and 100%, respectively. Whereas,

da Silva Barros et al.?! found the prevalence to
be 25% in LSIL and 29.3% in HSIL. Our study
reports the comparable prevalence of Chlamydia in
LSIL with the latter study. Therefore, to establish
Chlamydia as a cofactor for cervical carcinogenesis,
we require further larger cohort study that should
include patients with known cervical dysplasia.

The specific question of the multistage process
of HPV-related carcinogenesis which may be
synergistically affected by Chlamydia has not
been entirely elucidated. The inflammatory
response caused by chlamydial infection may
promote cell turn over that is needed for HPV
replication. Persistent Chlamydia infections may
induce an inflammatory milieu advantageous to
HPV-related carcinogenesis by increasing the risk
of DNA replication errors and active proliferation
of genetically damaged cells.['”! The prevalence of
HPV and Chlamydia coinfection in our study was
found to be 6.7%. In the study done by Abreu
et al.,”””! a comparable coinfection rate of 5.8% was
reported. However, Bhatla et al.”*®! in their study
documented the coinfection rate to be only 0.7%
and cervical dysplasia was present in 21.2% of
the study population. Paba et al.®™ and da Silva
Barros et al.®" reported a much higher prevalence
of 23.5% and 27.4%, respectively, in their study
populations comprising patients with known cervical
dysplasia, whereas the prevalence of coinfection in
our study among patients with cervical dysplasia
was 15%. It is pertinent to note that in our study
HPV and Chlamydia coinfection was only found in
patients with detection of cervical abnormal cytology
as compared to those without any abnormality
[P = 0.001, Tables 2 and 3]. This indicates that
Chlamydia and HPV may be acting synergistically in
the pathway of cervical carcinogenesis. Luostarinen
et al. in their cohort of Finnish women found that
concomitant HPV18/45 and serologically detected
CT infections were associated with very high CIN3
risk.*l However, de Paula et al. failed to find any
significant association between these coinfections
and severity of cervical neoplasia.®!

The limitations of the present study were that this
was a cross-sectional, single-center study where the
study participants were only recruited from the STI
clinic. Further multicentric studies based on larger
cohorts with longitudinal follow-up in relation
to the CT acquisition and thorough evaluation of
temporal relationships of concomitant infection with
high-risk HPV types/Chlamydia and histologically
proven cervical neoplasia are needed to demonstrate
whether the chlamydial infection is a cofactor for
cervical dysplasia. This clarification will enable
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early treatment of both CT and HPV infection and
prevention of further morbidity.
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