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BACKGROUND: Cervicitis is believed to alter cytological interpretation and could compromise a combined
screening for Chlamydia trachomatis (CT) cervicitis and squamous intra-epithelial lesions (SIL). Liquid-based
cytological methods have been shown to limit obscuring factors and permit the detection of infectious agents by
DNA amplification techniques. The aim of this study was to evaluate a combined screening for SIL and CT cervicitis
with a single liquid-based cervical sample. METHODS: Two cervical samples were obtained from each of 590
women considered at high risk for CT. The modified Ligase chain reaction (LCR) procedure for CT detection using
specimens collected in the AutoCyte’s preservative fluid was compared with the conventional Abbott LCx method
using cervical swabs. We have also compared the percentage of inflammatory specimens and adequacy of cellular
material in the populations of CT� and CT- women. RESULTS: The results show total agreement for 588 of 590
cervical samples using the two LCR protocols (Kappa � 0.96; 95% confidence interval: 0.91–1.00). The quality of
cervical cytology was not compromised by CT cervicitis. CONCLUSIONS: We demonstrated the feasibility of
combined screening for CT and SIL with a single liquid-based cervical sample.
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Introduction

Chlamydia trachomatis (CT) and Human papillomavirus
(HPV) infections are the two commonest sexually transmitted
infections world-wide. They are often asymptomatic and
responsible for tubal factor infertility and precancerous cervical
lesions respectively. Combined screening for CT cervicitis and
squamous intra-epithelial lesions (SIL) could be justified in a
high risk population for CT infection given that these infections
share common risk factors. However, cervicitis is believed to
alter cytological interpretation and the current recommendation
is deferral of cytology to allow for treatment.

Methods using liquid-based cytology have the potential to
reduce the number of unsatisfactory specimens by the elimina-
tion of obscuring factors such as red blood cells and leukocytes.
Moreover, additional tests can be carried out from the same
residual liquid-based sample, like HPV detection (Kunz et al.,
1998; Vassilakos et al., 1998a).

We sought to evaluate firstly the possibility of additional
screening for CT cervicitis from the same liquid-based sample
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used for cervical cancer detection and, secondly, to evaluate
whether the quality of cervical cytology was modified by
CT status.

For CT screening, we compared a modified procedure of
the LCR technique using a cervical specimen collected in
preservative medium with the conventional LCR technique
using endocervical swabs. Specimen adequacy, depending on
CT status, was compared according to the Bethesda classifica-
tion system (Kurman et al., 1994).

Materials and methods

Patients

Five hundred and ninety non-consecutive women consulting at the
Gynaecological Outpatient Clinic at the University of Geneva Hos-
pitals between January 1998 and April 1999 were enrolled in the
study. Women were seen in different units of the Outpatient Clinic,
namely family planning, adolescent, and general gynaecological
consultations, and classified into high risk (n � 520) or low risk
(n � 70) groups for CT infection.
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The high risk group was defined as sexually active asymptomatic
adolescents, women with clinical suspicion of pelvic inflammatory
disease, a sexually transmitted disease, and those demonstrating high
risk sexual behaviour including first sexual intercourse at early age,
multiple partners, unprotected intercourse, and multiple termination
of pregnancy. The low risk group was defined as women consulting
for an annual gynaecological check up without any of the above-
mentioned high risk criteria.

Patients who received antibiotic therapy within the month before
consultation were excluded from the study.

Clinical procedure

Two cervical samples per woman were obtained. The first sample for
CT detection was collected using an endocervical swab (Abbott LCx
Specimen Collection Kit®; Abbott Laboratories, Abbott Park, IL,
USA). Samples were sent daily to the hospital central bacteriology
laboratory for processing according to the manufacturer’s recom-
mendations.

The second sample was obtained using a Cervex-brush® (Rovers,
Oss, The Netherlands) and, in the case of cervical stenosis, a
Cytobrush® (Medscand, Geneva, Switzerland). The brush head was
detached and immersed in the collection vial containing the CytoRich®

preservative medium (Tripath Imaging Inc., Burlington, NC, USA).
Specimens were maintained at room temperature and submitted once
weekly to the laboratory (Centre for Cytology and Clinical Pathology,
Cytopath, Geneva, Switzerland) for cytological diagnosis and CT
DNA testing.

Cytological procedure

Sampling using the Cytobrush® or Cervex-brush® allows for retrieval
of about 500 000 epithelial cells. Specimens were prepared for
cytology using the AutoCyte® PREP manual technique as described
previously (Vassilakos et al., 1999).

During this preparation phase, specimens underwent vortexing,
centrifugal density sedimentation and resuspension. Cells were distrib-
uted in two circles onto cationically-coated slides. The median
epithelial cell number for both circles is 115 000 cells. Thin-layer
preparations were stained using the Papanicolaou method and the
inflammatory character of the preparation was studied. The specimen
adequacy of cellular material was classified according to the Bethesda
criteria (Kurman et al., 1994). The residual cellular material was
made available for CT testing.

Microbiological procedure

Conventional endocervical swabs were processed at the central
bacteriology laboratory within 4 days of reception using the conven-
tional Abbott LCx method according to the manufacturer’s recom-
mendations.

Residual material from the liquid-based sample after preparation
of thin-layer slides for cytology was analysed for CT detection at the
laboratory (Institut Bio-Analytique). The liquid medium contains 20%
ethanol, ensuring cell fixation and allowing for analysis for up to
10 days.

Using the modified LCR procedure for the detection of CT, cells
were washed and resuspended in Abbott LCx resuspension buffer
before processing according to the manufacturer’s instructions.

Data analysis

Results for CT detection were independently analysed in each
laboratory and were compared at the end of the study. Data were
collected using EXCEL and statistical analysis was carried out
with Epi Info version 6 (CDC, Atlanta, GA, USA). The agreement
between the two DNA amplification procedures was assessed by
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Table I. Results of the modified procedure of LCR using liquid-based
samples as compared with conventional LCR using cervical swabs

Conventional LCR Modified LCR procedure using liquid-based
using cervical swabs cervical sample

Negative Positive

Negative 560 1a

Positive 1b 28

aUncertain result (fluctuating values � threshold).
bWeakly positive result (�threshold).

the Kappa coefficient. A Kappa value �80% was considered as
indicating excellent concordance (Seigel et al., 1992). Statistical
significance of differences in proportions were computed using
Fisher’s exact test or χ2 test. A P value �0.05 was considered
as statistically significant.

Results

A total of 590 selected women were included in the study.
Thirty tested positive for CT, whilst 560 were negative.

Comparison between the LCR–DNA amplification proced-
ures showed excellent concordance with a Kappa �
0.96; 95% confidence interval (CI): 0.91–1.00. Results
demonstrated total agreement for 588 of 590 cervical samples
(Table I). The two discordant results were one which tested
negative by conventional LCR test and uncertain by modified
LCR test, and the other which was positive by conventional
LCR test and weakly positive by modified LCR test.

Cytological results in the two populations showing
inflammatory smears, specimen adequacy and cytological
diagnosis are presented in Table II. Inflammatory specimens
were more frequently encountered in CT� women but this
difference was not statistically significant [P � 0.07 (NS),
Fisher’s exact test]. There were no significant differences
between the two populations for specimen adequacy [P �
0.83 (NS), χ2 test]. The percentage of satisfactory specimens
was similar (86.7% CT� women versus 89.3% CT- women).
Similarly, satisfactory but limited specimens were not
influenced significantly by CT cervicitis (13.3% versus
10.3%). Likewise, cytological results were not affected by
CT status [P � 0.77 (NS), χ2 test].

Overall CT prevalence in our study was 5.1%. Prevalence
in high risk women was 5.9 versus 1.4% in low risk
women. The CT prevalence was inversely associated with
age, at least between 20–35 years of age (Table III). The
highest prevalence of 9.4% was noted in women between
20 and 24 years of age. The overall prevalence was 7.7%
for women up to 25 years of age who represented 73% of
the CT� population. In women younger than 30 years of
age, this prevalence was 6.7% and corresponded to 90% of
the CT� population. Screening failed to identify any CT�
women older than 35 years.
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Table II. Cytological results in the Chlamydia trachomatis positive and negative populations

C. trachomatis C. trachomatis
positive (n � 30) negative (n � 560)

Inflammatory specimens (n � 186) 14 (46.7%) 172 (30.7%)

Specimen adequacy (n � 590)
satisfactory n � 526 (89.2%) 26 (86.7%) 500 (89.3%)
satisfactory but limited: n � 62 (10.5%) 4 (13.3%) 58 (10.3%)
by absence of endocervical component 57 (9.7%) 4 (13.3%) 53 (9.5%)
by obscuring factors 5 (0.8%) 0 5 (0.9%)
unsatisfactory n � 2 (0.3%) 0 2 (0.4%)

Bethesda cytological diagnosis (n � 590)
normal n � 528 27 (90%) 501 (89.5%)
ASCUSa n � 13 0 13 (2.3%)
LGSILb n � 45 3 (10%) 42 (7.5%)
HGSILc n � 4 0 4 (0.7%)

aAtypical squamous cells of undetermined significance.
bLow grade squamous intra-epithelial lesion.
cHigh grade squamous intra-epithelial lesion.

Table III. High risk and low risk groups combined and stratified by age for
number of women screened for Chlamydia trachomatis

Age (years) Screened Positive Prevalence (%)

�19 160 10 6.3
20–24 127 12 9.4
25–29 112 5 4.5
30–34 93 3 3.2
�35 98 0 –

Discussion

The combined screening of CT cervicitis and SIL with a single
cervical sample has already been studied (Rantala and Kivinen,
1998; Banuelos Panuco et al., 2000). The first method for CT
screening was based on the cytological detection of chlamydial
intracytoplasmic inclusions using the Papanicolaou staining
technique (Banuelos Panuco et al., 2000). However, cytological
detection of CT in cervical smears remained unsatisfactory
due to the difficulty of differentiating real nebular chlamydial
inclusions from other intracytoplasmic inclusions. Because of
its low specificity and high interobserver variation, this method
has now been abandoned. Rantala et al. developed a fluorescent
antibody staining method to detect CT elementary bodies
in Papanicolaou-stained cervical smears without disturbing
subsequent cytological morphology (Rantala and Kivinen,
1998). However, the use of immunofluorescence for CT
detection is delicate and subjective. This method for CT
detection is also less sensitive than amplified DNA techniques
which are presently considered to be the method of choice
(Schachter et al., 1994; Warford et al., 1999). On the other
hand, detection of amplicons is automated for the DNA
amplification techniques and may be less operator-dependent
than tissue cell culture and direct immunofluorescence. Using
the modified LCR procedure with the residual material from the
CytoRich® preservative fluid, we have demonstrated excellent
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agreement in our study between the two procedures for CT
detection (Kappa � 0.96, 95% CI: 0.91–1.00). The LCR
procedure also proves its effectiveness when compared to the
conventional procedure, with the added advantage of deferred
analysis of up to 10 days. Indeed, DNA amplification tech-
niques have the advantage that the viability of the organism
is not a prerequisite for the identification of bacterial DNA.
The possibility of conserving cervical samples in liquid medium
at room temperature could facilitate the procedure in screening
programmes. An additional advantage of using DNA ampli-
fication techniques is that they allow for the simultaneous
detection of more than one sexually transmitted agent such as
HPV and CT and, in the near future, gonococcus, using a
single specimen. Presently, liquid-based cytology offers the
possibility of testing for HPV and CT using DNA amplification
techniques. This confirms the feasibility of combined screening
using a single specimen.

Cervicitis is believed to alter cytological interpretation and
the current clinical recommendation is deferral of cytology to
allow for treatment. We did not confirm this notion in this
study. Inflammation did not obscure significantly the cell
preparation as defined by the Bethesda criteria for specimen
adequacy. In spite of a non-significant increase of inflammatory
specimens in our CT� population, we found that the CT
cervicitis did not affect the specimen adequacy. This is due to
the well-recognized effect of liquid-based cytology, which
improves specimen adequacy with concurrent reduction in
both unsatisfactory and satisfactory but limited preparations
(Vassilakos et al., 1998b, 1999). The specimen adequacy
classified according to Bethesda criteria in our high risk
population is similar to the results published in Geneva
for the general population: satisfactory specimens 87.5%,
satisfactory but limited obscuring factors 1.23% and unsatis-
factory specimens 0.15% (Vassilakos et al., 1998b, 1999). The
results of our study do not confirm the necessity of cervical
cytology deferral in the presence of cervicitis. The danger of
deferral is high patient default once the genital infection has
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been treated. Ross et al. reported a 15% default rate in
genitourinary medicine clinic attendees and this rate increased
in women younger than 25 years (Ross et al., 1995). Non-
adherence to screening programmes was found to be the most
important modifiable antecedent to invasive cervical carcinoma
(Sung et al., 2000).

Chlamydial infections meet the general prerequisite for
disease prevention by screening since they are highly prevalent,
associated with significant morbidity, can be diagnosed, and are
treatable (Paavonen, 1997). They also have serious sequelae,
including pelvic inflammatory disease, infertility, and ectopic
pregnancy. All these conditions, except for infertility, have
been shown to be preventable if CT is treated in its asympto-
matic phase (Scholes et al., 1996; Egger et al., 1998;
Kamwendo et al., 2000). During the last decade, many studies
with cost-benefit and cost-effectiveness analyses have con-
firmed the interest of screening for CT (Humphreys et al.,
1992; Genc and Mardh, 1996; Paavonen, 1997; Howell et al.,
1998). In women undergoing routine pelvic examination, LCR
of cervical specimens would prevent most diseases and provide
the highest cost savings (Howell et al., 1998). Genc and Mardh
showed that when the prevalence of chlamydial infection
exceeded 6%, screening of women with DNA amplification
assays of endocervical swabs combined with the single dose
azithromycin treatment of positive patients is the most cost-
effective strategy (Genc and Mardh, 1996). In the high risk
CT study population, we report a prevalence of 6.7% in women
under 30 years of age, accounting for 90% of all those who
screened positive for CT. However, such a screening strategy
remains to be validated in the Swiss medical care system.

Chlamydia cervicitis has been suspected to be a risk factor
for SIL and cervical cancer on the basis of case-control
comparisons of serological tests (Schachter et al., 1982; Hsieh
et al., 1999) but the risk of cervical cancer associated with
chlamydia seropositivity has been low (OR � 2) after adjusting
for HPV infection (de Sanjose et al., 1994; Koskela et al.,
2000). Koutsky showed in a cohort study that the development
of high grade SIL was associated with antibodies to CT
(adjusted relative risk � 2.4) but not with CT culture from
the cervix (adjusted relative risk � 1.1) (Koutsky et al., 1992).

The respective roles of chlamydia and HPV in the genesis
of the dysplasias were not studied because of the small study
population size. Given the prevalence of CT and HPV, a
sample size of 6850 women would be required to demonstrate
a relative risk of 2 in CT� women, independently of HPV
status. A wider-based screening programme combining HPV
and chlamydia using liquid-based cytology could possibly
permit an improved understanding of the role of CT in
cervical cancer.

Combined screening for CT cervicitis and SIL can only be
justified by a high prevalence of CT infection and a good
adherence of the population to cervical cancer screening
programmes. Data from the Swiss Cancer Register in 1997
showed that 71.7% of women have had at least one cervical
cytology examination between 20 and 29 years of age (Wanner
et al., 2000). Another survey with 1993 data from the pathology
laboratories in Geneva (unpublished) showed an annual cover
rate of 55% for women in the same age group. Over 95% of
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cervical cytology performed in Geneva are currently carried
out using liquid-based cervical sampling. Based on this fact,
it seems judicious to propose a combined screening to women
at high risk of CT and under 30 years of age when presenting
for a cervical cytology. This procedure represents only one of
the many options to improve the detection of CT, but the cost-
effectiveness of such a screening strategy remains to be
calculated.
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