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Chlamydia trachomatis (Ct) and human papillomavi-
rus (HPV) are the most common sexually transmitted 
pathogens. Whereas it is well known that infection with 
oncogenic HPV genotypes increases the risk of cervical 
cancer (CC), the implication of Ct in the pathogenesis of 
CC is still controversial. Hence, to investigate the pos-
sible implication of Ct infection alone, or with concom-
itant HPV infection, in the severity of cervical lesions, 
we conducted a study in 164 Caucasian HIV-negative 
women with abnormal Pap. Genomic HPV and Ct DNA 

SUMMARY

were detected in 97 (59%) and 16 (10%) women respec-
tively, and 15 (9%) of women were infected by both. 
Of the HPV positive samples, 89 (79%) were HR-HPV 
types or probable HR types and HPV16 was the most 
represented genotype. Interestingly, it was observed 
that co-infection was more frequent than HPV infection 
alone in women with high grade lesions.

Keywords: Chlamydia trachomatis, HPV, genotyping, Pap 
test.

n INTRODUCTION

Chlamydia trachomatis (Ct) is the most common 
sexually transmitted bacterial pathogen, fre-

quently asymptomatic and consequently unrec-
ognized and untreated. The infection can become 
persistent and may promote a pathogenic process 
leading to chronic diseases such as pelvic inflam-
matory disease and infertility [1]. Serious Ct se-
quelae including cervical hypertrophy and induc-
tion of squamous metaplasia, suggest a possible 
relationship with human papillomavirus (HPV) 
infection [1-4]. In Italy, Ct infection is not subject to 
mandatory reporting, and a sentinel surveillance 
study recognized by a network of Italian clinical 

centers of sexually transmitted infections showed 
an overall prevalence of 3.2% [5]. High-risk on-
cogenic HPV genotypes (HR-HPVs) are the most 
important etiological agents of cervical cancer 
(CC). A systematic review of studies conducted in 
Italy revealed a HR-HPV infection prevalence of 
8% in the general population with no difference 
among the northern, central and southern regions 
of Italy. However, this percentage is higher in 
women aged 18-29 participating in CC screening 
programs [6, 7].
The involvement of Ct in the pathogenesis of 
CC is controversial and its specific role in this 
neoplasia has not yet been completely clarified. 
Chlamydial infection may damage the mucosal 
barrier thus increasing the susceptibility to HPV 
co-infection. Alternatively, the bacterium may 
interfere with the host immune response by de-
creasing the clearance of a concomitant HPV in-
fection, thereby increasing the persistence of the 



140 F. Mancini, F. Vescio, S. Mochi, et al.

virus and the possibility of progression to cancer 
[3-4]. The aim of the present study was to investi-
gate a possible implication of Ct infection alone or 
with a concomitant HPV infection, in the severity 
of cervical lesions.

n PATIENTS AND METHODS

The survey was carried out in DNA samples 
from 164 Caucasian HIV-negative women with 
abnormal Pap test, randomly selected among 

those participating in the Multi-center Cohort 
Study, known as the HPV Pathogen ISS study. 
This study was designed to determine risk factors 
for the progression of cervical lesions to cancer in 
HIV-positive and -negative women. All patients 
were enrolled from March 2002 to November 2003 
[8-10]. The women, who were referred for colpo-
scopic examination to the gynecological depart-
ments of five Italian hospitals in Milan, Bologna 
and Rome, were submitted to an epidemiological 
interview, and sampling for molecular and sero-
logical assays.

Table 1 - Patient’s characteristics, Pap test and histology data.

Frequency, no. (%)

Age group (years)

< 20 5 (3.05)

21-30 51 (31.10)

31-40 60 (36.59)

41-50 30 (18.29)

> 50 18 (10.98)

Smoking

No smoker 93 (56.71)

Current smoker 64 (39.02)

Ex - smoker 7 (4.27)

Age of earlier sexual activity (years)

< 15 16 (9.76)

15-20 128 (78.05)

21-25 20 (12.20)

Sexual partners during life

1-2 78 (47.56)

3-5 74 (45.12)

> 5 12 (7.32)

Pregnancies

None 142 (86.59)

1-2 21 (12.80)

3-4 1 (0.61)

Contraceptive method

None 60 (36.59)

Oral contraceptive 82 (50.00)

Intrauterine device 5 (3.05)

Condom 8 (4.88)

Natural method 9 (5.49)

Frequency, no. (%)

Previous genital infection reported

No 73 (44.51)

HSV 2 (1.22)

Candida 88 (53.66)

Chlamydia 1 (0.61)

Previous HPV infection reported

No 129 (78.66)

Yes 35 (21.34)

Frequency of Pap test

Regular (every 1-3 years) 59 (35.98)

Irregular 98 (59.76)

Never 7 (4.27)

Pap test

ASC-US 41 (25.00)

LSIL 97 (59.15)

HSIL 26 (15.85)

Histology

Normal 15 (9.15)

CIN1 36 (21.95)

CIN2 12 (7.32)

CIN3 35 (21.34)

HPV-NCIN 21 (12.80)

ND 45 (27.44)

ASC-US: atypical squamous cells of undermined significance; LSIL: 
low-grade squamous intraepithelial lesions; HSIL: high-grade squa-
mous intraepithelial lesions; CIN: cervical intraepithelial neoplasia; 
HPV-NCIN: HPV lesions without evidence of CIN; ND= not deter-
mined.



141HPV and C. trachomatis in women with Pap test abnormality

Informed consent was obtained from all partici-
pants, and the study was approved by the insti-
tutional Ethical Committees of all the hospitals 
that contributed to the HPV Pathogen ISS study. 
Our work used the baseline data and cervical 
samples collected for the HPV Pathogen ISS 
study. For the molecular analyses, DNA was ex-
tracted from cells of cervical smears by QIAamp 
DNA mini kit (QIAGEN). The HPV genotyping 
was performed by sequencing of GP5/GP6 PCR 
amplicons, as previously described [9]. The Ct 
DNA was detected with primer set CTR 70/71 
targeting 16S-23S spacer rRNA, while Ct gen-
otyping was performed by MS-1F and MS-1R 
primers, spanning an approximately 936-bp re-
gion of the ompA gene [11, 12]. PCR amplicons 
were purified, sequenced and analyzed with 
BLAST program (http://www.ncbi.nlm.nih.
gov/BLAST).
Cytology and histology data were jointly mod-
eled by ordered logit regression in STATA13 (Stat-
aCorp. 2013) within a structural equation mode-
ling (SEM) framework.

n RESULTS

The characteristics of the patients are listed in 
Table 1. All women presented an abnormal Pap 
test diagnosed as: atypical squamous cells of un-
dermined significance (ASC-US) in 25% of cas-
es, high-grade squamous intraepithelial lesions 
(HSIL) in 59.15% and low-grade squamous in-
traepithelial lesions (LSIL) in 15.85%. A total of 
149 patients (90.85%) revealed moderate or se-
vere intra-epithelial lesions. 
After colposcopy examination and biopsy of le-
sional tissues, histological results highlighted 
Cervical Intraepithelial Neoplasia (CIN) 1, CIN 
2 and CIN 3 in 21.95%, 7.32%, and 21.34% of the 
women, respectively. Biopsies without evidence 
of CIN (HPV-NCIN) were detected in 12.8 % of 
patients (Table 1).
Genomic HPV DNA was detected in 97 (59%) and 
Ct DNA in 16 (10%) women, while 15 women 
(9%) had both infections. Out of the 112 HPV pos-
itive samples, 89 (79%) were considered HR-HPV 
types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59) or 
probable HR type (53, 66, 81). The most represent-
ed genotype was HPV16, found alone in 44% of 
the samples. Six different Ct serovars were identi-

fied: G (25%), H (25%), F (19%), D (12%), E (12%) 
and K (7%). In the HPV-Ct co-infected samples, 
the HPV 16 genotype was the most prevalent, 
being detected in 8 samples (53.33%), while the 
HPV 6, 31, 33, 45, 52,5 3, and 66 were detected in 
similar percentages (6.67%). Excluding HPV 6, all 
the genotypes found are considered at high risk 
or probable high risk for CC.
The association of patients’ demographic and 
clinical characteristics, including the presence of 
HPV infection, with cytological and histological 
diagnoses has been described for the whole co-
hort in a previous publication [8]. In our study 
the univariate ordinal logit models for Pap test 
results (categorized as ASCUS, LSIL, HSIL) 
showed that women infected with HPV, alone or 
concurrently with Ct had a twofold (2.71; 95%CI: 
1.38; 5.32) and fourfold (4.18; 95%CI: 1.31; 13.35) 
higher risk, respectively, of presenting a cervical 
intraepithelial neoplasia than their uninfected 
counterparts. Multivariate ordinal logit models 
for Pap test results, adjusted for factors signifi-
cantly associated with the outcome in the univar-
iate analysis (smoking and Pap test frequency), 
showed that women infected by HPV alone or in 
conjunction with Ct had proportional odds ratio 
(OR) of 2.17 (95%CI: 1.08; 4.39) and 3.87 (95%CI: 
1.19; 12.56) with respect to their uninfected coun-
terparts, for any cytological level (Table 2). Uni-
variate ordinal logit models for histological di-
agnosis (categorized as HPV-NCIN, CIN 1, CIN 
2 and CIN 3) found that the proportional OR 
of histological diagnosis was 2.83 (95%CI: 1.16; 
6.89) for women infected by HPV alone, and 2.89 
(95%CI: 0.82; 10.16) for those infected by HPV 
and Ct, compared to the not infected. The multi-
variate ordinal logit model for histological diag-
noses adjusted for age at first sexual intercourse, 
which was significantly associated with the out-
come at the univariate analysis, showed that 
women infected with HPV alone (3.08; 95%CI: 
1.26; 7.53) or with HPV and Ct (2.95; 95%CI: 0.83; 
10.46), had a threefold risk of presenting a cervi-
cal intraepithelial neoplasia with respect to their 
uninfected counterparts (Table 2).

n DISCUSSION

In agreement with previously published stud-
ies, our results showed that women with a high 
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Table 2 - Univariate and multivariate analyses of HPV and Ct infections in cytological and histological diagnoses.

Cytological diagnosis Histological diagnosis

Univariate analysis Multivariate analysis* Univariate analysis  Multivariate analysis**

OR (95%CI) p OR (95%CI) p OR (95%CI) p OR (95%CI) p

Age group 0.351 NI 0.795 NI

18-30 (n = 56) 1 1

> 30 (n = 108) 1.35 (0.72; 2.53) 0.92 (0.47; 1.78)

Smoking 0.058 0.624 NI

No (n = 93) 1 1 1

Yes (n = 71) 1.82 (0.98; 3.38) 1.58 (0.84; 2.98) 0.155 1.18 (0.61; 2.26)

Age of earlier sexual activity 0.646 0.132 1

13-20 (n = 144) 1 1 0.36 (012; 1.13) 0.079

>20 (n = 20) 0.80 (0.32; 2.03) 0.42 (0.14; 1.30)

Sexual partners during life 0.350 NI 0.265 NI

1-2 (n = 78) 1 1

>2 (n = 86) 1.33 (0.73; 2.45) 1.44 (0.76; 2.76)

Pregnancies 0.767 NI 0.542 NI

None (n = 142) 1 1

1-2 (n = 22) 1.15 (0.45; 2.93) 1.38 (0.49; 3.86)

Contraceptive method 0.662 NI 0.673 NI

None (n = 60) 1 1

Oral (n = 82) 1.31 (0.68; 2.53) 1.13 (0.56; 2.28)

Others (n = 22) 0.97 (0.37; 2.59) 1.14 (0.43; 3.07)

Previous genital infection 0.733 NI 0.441 NI

No (n = 73) 1 1

Yes (n = 91) 0.90 (0.49; 1.66) 0.77 (0.39; 1.51)

Frequency of Pap test 0.018 0.242 NI

Regular (n = 59) 1 1 1

Irregular/never (n 
= 105)

0.45 (0.24; 0.87) 0.56 (0.28; 1.10) 0.091 0.68 (0.35; 1.30)

Previous HPV infection 0.739 NI 0.888 NI

No (n = 129) 1 1

Yes (n = 35) 1.14 (0.54; 2.40) 1.05 (0.52; 2.15)

Microbial agent 0.005 0.003

Negative (n = 51) 1 1 1 1

HPV (n = 97) 2.71 (1.38; 5.32) 2.17 (1.08; 4.39) 0.031 2.83 (1.16; 6.89) 3.08 (1.26; 7.53) 0.014

HPV + Ct (n = 15) 4.18 (1.31; 13.35) 3.87 (1.19; 12.56) 0.025 2.89 (0.82; 10.16) 2.95 (0.83; 0.46) 0.095

OR: Odds Ratio; 95%CI: 95% confidence interval; NI: not included in the multivariate analyses. The association of demographic and clinical char-
acteristics of patients, including HPV infection, with cytological and histological diagnoses was already described in a previous publication not 
reported in the text [8-9]. *Adjusted for smoking and Pap test frequency. **Adjusted for age at first sexual intercourse.
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percentage (15/16; 94%) of Ct-HPV co-infections 
have more frequent high grade cervical lesions 
than those infected only with HPV [13-16]. Sev-
eral epidemiological studies corroborate our find-
ings evidencing that Ct may enhance the suscepti-
bility to HPV infection and promote the viral per-
sistence [4, 13, 14]. Ct infection is involved in cell 
proliferation, inhibits cell apoptosis and induces 
chronic inflammation. 
Specifically, Ct may increase the risk of HPV in-
fection through a plausible involvement in the ep-
ithelial disruption associated to the inflammatory 
response [15]. Furthermore, Ct may interfere with 
the immune response by decreasing the num-
ber of antigen presenting cells, and reduce the 
cell-mediated immunity thus allowing the persis-
tence of HPV [16]. 
The main limitations of our study are represent-
ed by the small group of patients examined, the 
low number of Ct infections found and the lack 
of follow-up data. Therefore, we were unable to 
verify whether previous Ct infection can promote 
the infection with HPV first and then, possibly, 
the formation of cytological lesions and the tumor 
progression of these.
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