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Abstract The aims of this study were to assess the
proportion of the new variant of Chlamydia trachomatis
(nvCT) and the distribution of ompA genovars among C.
trachomatis-positive patients in the Göteborg area, Sweden.
Consecutive urine samples positive for C. trachomatis
using BD ProbeTec ET (177 patients, 88 men and 89
women) were collected. An nvCT-specific real-time poly-
merase chain reaction (PCR) assay was used to investigate
the nvCT prevalence. To identify the genovars, a 990-bp
ompA DNA segment from 105 specimens was sequenced.
Seventeen percent (30/177) of all specimens contained
nvCT. Nine different genovars were identified. About 50%
were of genovar E, followed by F 16%, G 11%, K 8%, and
D 5%, representing about 90% of the specimens in
Göteborg. The occurrence of nvCT and the dominance of
genovar E in Göteborg is similar to those in other areas of
Sweden. To cover about 90% of the C. trachomatis

infections in Sweden, the serovars D, E, F, G, and K
should be included in future vaccines based on the major
outer membrane protein.

Introduction

Chlamydia trachomatis genital infections, commonly asymp-
tomatic, are the most prevalent worldwide bacterial sexually
transmitted infection (STI), with considerable morbidity and
sequelae, leading to socioeconomic consequences [1, 2].

Laboratory diagnosis based on nucleic acid amplification
tests (NAATs) provide high sensitivity, high specificity, and
are routinely used for the diagnosis of C. trachomatis
infections [1, 3].

C. trachomatis strains are, nowadays, classified into
genovars using polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) or sequencing of
the ompA gene, which encodes the major outer membrane
protein (MOMP). Serotypes A–C cause primarily trachoma/
blindness, D–K cause urogenital infections, and L1–3 the
invasive lymphogranuloma venereum (LGV) [1, 2]. In most
countries worldwide, the most common genovars among
patients with urogenital infections are E, F, D, G (D and G
are particularly prevalent in men who have sex with men
[MSM)], and K, accounting for 60 to 80% of positive
patients. The remaining genovars are less frequent, and Ba
and Ia are rare. The urogenital genovars distribution shows
some variations, especially among countries on different
continents [1, 3–6]. In Sweden, the most prevalent genovars
found have been E (47–60%) and F, followed by D, K/G
[1]. Genovar determination of C. trachomatis can be
important in descriptive epidemiology and in basic research
aiming to develop future vaccines. No effective vaccine
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has, so far, been developed, but some MOMP-based
vaccines may be promising [2].

In 2006, a new variant of C. trachomatis (nvCT) was
discovered in Sweden, with a 377-bp deletion in the cryptic
plasmid that included the genetic targets for the diagnostic
systems from Roche and Abbott [7, 8]. The nvCT strain,
thus, escaped the detection and spread significantly (pro-
portions of 7 to 64%) in many Swedish counties [7–9]. In
Göteborg, the BD ProbeTec ET (Becton Dickinson) NAAT,
which detects the nvCT, has been used since 2001. The
nvCT has not been frequently found in other European
countries [7, 9]; however, few recent studies have been
performed and many laboratories in several countries still
cannot detect the nvCT.

The aims of this study were to investigate, for the first
time, the proportion of the nvCT and the distribution of
different genovars among patients with C. trachomatis
infections in the Göteborg area, Sweden.

Materials and methods

Consecutive urine samples from89women (age: 16–49 years)
and 88 men (age: 17–44 years) positive for C. trachomatis in
routine testing using the BD ProbeTec ET test (Becton
Dickinson, Franklin Lakes, NJ, USA) were collected from
October 2008 to January 2009. For nvCT detection, an
nvCT-specific real-time PCR was used on all primary
samples (n=177) as previously described [10]. To assess
the genovar distribution, a 990-bp ompA segment of the first
112 selected primary specimens (from 44 women and 61
men) were sequenced as previously described [11]. Howev-
er, seven of these failed to amplify, probably due to the low
initial positivity in BD ProbeTec ET, and were excluded. For

the identification of genovars, phylogenetic analysis, as well
as GenBank blasting, were performed as previously de-
scribed [11].

Results and discussion

The nvCT proportion in the Göteborg area, Sweden, has not
been previously studied. The nvCT was detected in 17% of
all the specimens (n=177), showing that the nvCT
proportion is relatively similar to those in other Swedish
counties that used BD ProbeTec (7–19%) for the diagnosis
of C. trachomatis, which, in general, is lower than the
proportions in the Swedish counties using Roche and
Abbott systems for diagnostics [7].

The frequencies for the predominant ompA genovars
identified in the Göteborg area were approximately E 50%,
followed by F 16%, G 10%, K 8%, and D 5% (Table 1).
These genovars represented approximately 90% of all the C.
trachomatis-positive specimens. We did not find any unpre-
viously reported single nucleotide polymorphisms (SNPs) or
other polymorphisms in the ompA gene within the genovars,
or any significant differences in genovar distribution related to
the gender or age of the patients. Inclusion of only the three
most common serotypes in a vaccine based on the MOMP
will cover about 76%, and inclusion of the five serotypes D,
E, F, G, and K will account for almost 90% of all urogenital
strains in this geographic area. The proportions of different
genovars/serovars, especially concerning the dominance of
genovar E, are similar to those found in other studies
performed in Sweden, especially in the Örebro area, where
the same 990-bp ompA segment was used for the study [11].
Genovar E represents from 39 to 60% of isolates [1, 3, 11].
Similar dominance of genovars, and especially E, has also
been reported from many other European countries [3].
However, in different populations, such as, e.g., in MSM
from Sweden, the occurrence of other genovars such as D/Da
(25–54%) and G (25–45%) was higher compared with a
heterosexual population, which is also in concordance with
previous studies from other countries [3, 4].

MOMP is perhaps the most promising antigen candidate
for a vaccine [2], and the D, E, F, G, and K strains account
for approximately 90% of the C. trachomatis infections in
Sweden and Denmark. It is notable that, in one study from
Cameroon, a similar prevalence as in European countries
was noted and strains D, E, F, and G accounted for 94% of
isolates [6]. Among patients with an STI in Asia, e.g.,
China, genotype E is not dominating, but the most common
serovars D, E, F, and G are more equally distributed and
together account for about 75% of all serotypes [5]. The
results indicated that the most common worldwide serovars
D, E, F, and G should be considered in the development of
an effective MOMP-based vaccine.

Table 1 Chlamydia trachomatis ompA genovar distribution by gender
of 105 urogenital isolates in the Göteborg area, Sweden

Genovar Women (n=44) Men (n=61) Total (n=105)
No. (%) No. (%) No. (%)

Ba 1 (2.3) 0 1 (1.0)

D 2 (4.55) 3 (4.9) 5 (4.8)

E 23 (52.3) 29 (47.6) 52 (49.5)

F 6 (13.6) 11 (18.0) 17 (16.2)

G 4 (9.05) 8 (13.1) 12 (11.4)

H 2 (4.55) 2 (3.3) 4 (3.8)

Ia 2 (4.55) 0 2 (1.9)

J 2 (4.55) 2 (3.3) 4 (3.8)

K 2 (4.55) 6 (9.8) 8 (7.6)

There was no significant difference in the type distribution between
sexes (χ2 test)
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