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Background & objectives: Limited data are available on the typing of Chlamydia trachomatis in India. 
Serovars D to K of C. trachomatis are chiefly responsible for urogenital infections. Thus, this study was 
conducted to determine the distribution of C. trachomatis serovars in patients with urogenital infections 
and to characterize ompA gene of the detected C. trachomatis isolates by sequence analysis. Presence of 
other co-infections was also evaluated.
Methods: Endocervical swabs were collected from 324 women and urethral swabs/urine were collected 
from 193 men attending the sexually transmitted diseases outpatient clinic. The samples were screened 
for C. trachomatis by cryptic plasmid PCR and ompA gene PCR. Genotyping was performed by 
PCR-restriction fragment length polymorphism (RFLP) and sequencing of the ompA gene. Samples 
were screened for genital mycoplasmas, Neisseria gonorrhoeae, Treponema pallidum and human 
immunodeficiency virus (HIV).
Results: C. trachomatis was found in 15.0 per cent men and 10.8 per cent women. Serovar D was the 
most prevalent followed by serovars E, F, I and G. Twenty two C. trachomatis isolates were selected 
for ompA gene sequencing. No mixed infection was found. Variability in ompA sequences was seen in 
31.8 per cent cases. Both PCR-RFLP and ompA gene sequencing showed concordant results. The presence 
of Ureaplasma spp. and Mycoplasma hominis was observed in 18.7 and 9.5 per cent patients, respectively. 
Co-infection of C. trachomatis was significantly associated with Ureaplasma urealyticum and HIV.
Interpretation & conclusions: The high occurence of C. trachomatis infections warrants its screening in 
addition to other sexually transmitted infections namely U. urealyticum and HIV. Genotyping of the 
ompA gene may provide additional information for vaccine development. 
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Chlamydia trachomatis urogenital infections 
are the most commonly reported bacterial sexually 
transmitted diseases (STDs)1. Genital infections with 

C. trachomatis (serovars D-K) are associated with 
urethritis, pelvic inflammatory disease and infertility2. 
C. trachomatis infection facilitates the transmission 
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of human immunodeficiency virus (HIV) and is often 
associated with other STDs3.

The major outer membrane protein 
(MOMP) of C. trachomatis contains specific 
antigens that differentiate chlamydial strains by 
serovars (based on antigenic cross-reactivity on 
microimmunofluorescence) or genotype (based on 
nucleotide sequencing of the ompA gene)4. Whether 
different serovars of C. trachomatis demonstrate 
different virulence potential is unclear. Genotyping of 
C. trachomatis strains is important to monitor contact 
tracing, to enable thorough understanding of the 
pathogenesis and epidemiology of genital chlamydial 
infections5. The genital mycoplasmas include 
Ureaplasma spp. and Mycoplasma hominis which are 
potentially pathogenic species playing an aetiologic 
role in genital infections. Most colonized individuals 
remain asymptomatic, but there are considerable 
evidences that M. hominis and Ureaplasma spp. also 
cause disease6.

Limited information is available on the typing 
of C. trachomatis from India. The aim of the present 
study was to determine the presence of C. trachomatis 
infection in patients with urogenital infections, 
to characterize the ompA gene of the detected 
C. trachomatis isolates by sequence analysis of DNA, 
to determine the occurrence of other aetiological agents 
(viz. Ureaplasma spp. and M. hominis) and to evaluate 
the presence of STD co-infections. 

Material & Methods

All consecutive sexually active adults attending 
the STD Outpatient Clinic at the All India Institute of 
Medical Sciences, New Delhi, India, from February 
2009 to February 2014, were included in the study. 
Patients who had been treated with antibiotics within 
the past four weeks and those who tested positive 
for bacterial vaginosis and Candida were excluded, 
whereas patients tested positive for Niesseria 
gonorrhoeae, Treponema pallidum and HIV were 
included in the study.

A total of 517 patients (324 women and 193 men) 
were eligible for enrolment. Ethical Committee approval 
for study protocol and written informed patient 
consents were taken for this study. 

Three Dacron-tipped endocervical swabs from 
women and three urethral swabs were collected 
from men. Twenty millilitres of the first void urine 
(FVU) was also collected from men. The first swab 

was transported to the laboratory in 0.2 M sucrose 
phosphate buffer chlamydial transport medium 
(7.5 g sucrose, 0.052 g KH2PO4, 0.122 g K2HPO4, 
72 g glutamine, 10 µg/ml gentamycin, 10 µg/ml 
amphotericin B) for C. trachomatis PCR assays. 
Two swabs were placed in two screw cap test tubes 
containing 2 ml pleuropneumonia-like organism 
(PPLO) broth for detection of Ureaplasma spp. and 
M. hominis. The PPLO broth for Ureaplasma spp. 
contained 2.1 g PPLO broth (Difco, USA), yeast extract 
(25%), horse serum (unheated), urea solution (50% 
w/v), penicillin solution (104 units/ml), trimethoprim 
(7.5 mg/ml), and phenol red (0.2 % w/v), and for 
M. hominis 2.1 g PPLO broth, yeast extract (25%), 
horse serum (unheated), arginine (20%), penicillin 
solution (104 units/ml), trimethoprim (7.5 mg/ml), 
thallium acetate solution (1/80 w/v), and phenol red 
(0.2% w/v). DNA was extracted from all the three 
swabs and FVU using QIAamp Mini Kit (Qiagen, 
Hilden, Germany). The extracted DNA was stored 
at −20°C till further use. The reference strains from 
National Collection of Type Culture Ureaplasma 
(NCTC10177) and M. hominis (NCTC10111) were 
used as positive controls.

Cryptic plasmid PCR: C. trachomatis DNA was 
detected by PCR targeting a sequence of the cryptic 
plasmid using primers KL-1 and KL-2 as described 
by Mahony et al7. Template DNA of C. trachomatis 
serovar D ATCC VR-885 (also known as prototype 
strain D/UW3) was used as positive control in each 
PCR assay.

OmpA gene PCR: Samples positive for C. trachomatis 
by cryptic plasmid PCR were confirmed by a second 
PCR targeting the ompA gene using primers NLO and 
NRO, and nested ompA gene PCRs were run using 5 µl 
of ompA primary PCR products using primers NLI 
and NRI as described by Gao et al8. Template DNA of 
C. trachomatis serovar L2 was used as positive control 
in each PCR reaction.

Multiplex PCR for Ureaplasma spp. and Mycoplasma 
hominis: In addition to culture, multiplex PCR was 
performed for the detection of genital mycoplasmas 
with primers specific for urease gene of Ureaplasma 
and 16S rRNA gene of M. hominis9. All the isolates 
of Ureaplasma were further biotyped in a second PCR 
targeting the multiple banded antigen (MBA) gene10. 
PCR positive for biovar 1 was further subtyped into 
serovars as described earlier by De Francesco et al11.
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Restriction fragment length polymorphism (RFLP) 
and genotyping: Ten microlitres of the nested 
ompA PCR products were digested with 1 unit 
AluI (New England Biolabs, MA, USA). Products 
were electrophoresed through a polyacrylamide 
gel (acrylamide/bisacrylamide, 29:1; 12 V/cm for 
1.5 h) to enable the identification of serovars D to K 
(Figure A). Further, Serovars H and I were separated 
with 1 unit of HhaI (Figure B). The digested products 
were electrophoresed through a seven per cent 
polyacrylamide gel (acrylamide/bisacrylamide, 29:1; 
1× tris-borate-EDTA; 5 V/cm, 1.5 h) to differentiate 
serotypes.

Sequencing of the ompA gene: The sequencing 
of the ompA gene was carried out on ABI 
PRISM 310 Genetic Analyzer (PE Biosystems, 
Foster City, CA, USA) using a BigDye DNA 
sequencing kit (PE Biosystems) using primers NLI: 
5’-TTTGCCGCTTTGAGTTCTGCT-3’ and NRI: 
5’-CCGCAAGATTTTCTAGATTTC-3’according to 
the manufacturer’s instructions8.

Phylogenetic analysis: Sequences were manually 
aligned and adjusted to prototype sequences. 
Phylogenetic analysis was performed by using the 
maximum likelihood method implemented in MEGA6 
program12.

Statistical analysis: All statistical analyses were 
performed using STATA version 11.2 software (STATA 
Corp LP, College Station, TX, USA). The difference 

in the clinical features and sociodemographic data was 
analyzed by multivariate analysis. 

Results

C. trachomatis was detected in 12.3 per cent 
(64/517) of patients with urogenital infections, 
of whom 10.8 per cent (35/324) were women and 
15.0 per cent (29/193) were men. Of the 38 couples 
enrolled in the study, 11 were found to be infected; 
the infection involved partners in 54.5 per cent (6/11) 
of couples, only the male partner in 36.4 per cent 
(4/11) and only the female partner in 9.1 per cent 
(1/11) of couples.

The presenting symptoms and demographic 
characteristics of patients with urogenital infections in 
relation to C. trachomatis status are given in Table I. The 
mean age of the patients was 31.59±8.64 yr. In women, 
C. trachomatis infection was significantly associated 
with vaginal discharge (P=0.007), abdominal pain 
(P=0.04), low back pain (P=0.02), burning micturition 
(P<0.05) and unprotected sex (P=0.008).

Of the 517 patients, 18.7 per cent (97/517) were 
positive for Ureaplasma spp., 9.5 per cent (49/517) for 
M. hominis, 1.2 per cent (6/517) for N. gonorrhoeae, 
0.6 per cent (3/517) for T. pallidum and 4.6 per cent 
(24/517) were HIV seropositive. Co-infection with 
Ureaplasma and M. hominis was detected in 6.2 per cent 
(32/517) of patients by culture and/or PCR. U. parvum 
(biovar 1) was detected in 84.0 per cent (81/97) and 
Ureaplasma urealyticum was detected in 16.5 per cent 

Figure. (A) Restriction fragment length polymorphism patterns of ompA gene after restriction with AluI for differentiating serovars D to K. 
(B) Restriction fragment length polymorphism patterns of ompA gene after restriction with HhaI for differentiating serovars H and I.

BA
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Table I. Demographic and clinical characteristics in patients with (n=64) and without (n=453) Chlamydia trachomatis infection from 
patients with urogenital infections
Characteristics C. trachomatis positive (%), (n=64) C. trachomatis negative (%), (n=453) P Crude OR 95% CI

Demographic characteristics
Sex
Male 30 (46.9) 163 (36.0) 0.14 0.67 0.39‑1.15
Female 34 (53.1) 290 (64.0)
Age group (yr)
<30 28 (43.8) 202 (44.6) 0.7 1.21 0.62‑2.35
30‑34 16 (25.0) 96 (21.2)
35+ 20 (31.3) 155 (34.2)
Education level
Illiterate 13 (20.3) 78 (17.2) 0.67 0.85 0.38‑1.97
Primary 20 (31.3) 141 (31.1)
High school 29 (45.3) 157 (34.7)
University 2 (3.1) 77 (17.0)

Clinical characteristics
Cervicitis*

Yes 34 (53.1) 290 (64.0) 0.6 1.11 0.65‑1.88
No 30 (46.9) 163 (36.0)
Urethritis†

Yes 28 (43.8) 149 (32.9) 0.08 1.58 0.93‑2.69
No 36 (56.2) 304 (67.1)
Vaginal discharge*

Yes 27 (42.2) 290 (64.0) 0.007 5.76 1.37‑24.09
No 37 (57.8) 163 (36.0)
Abdominal pain*

Yes 9 (14.1) 31 (6.8) 0.04 2.22 1.0‑4.92
No 55 (85.94) 422 (93.2)
Low back pain*

Yes 3 (4.7) 67 (14.8) 0.02 0.28 0.05‑0.91
No 61 (95.3) 386 (85.2)
Burning micturition
Yes 43 (67.2) 188 (41.5) <0.05 2.88 1.65‑5.02
No 21 (32.8) 265 (58.5)
Pruritis
Yes 29 (45.3) 172 (38.0) 0.25 1.35 0.77‑2.37
No 35 (54.7) 281 (62.0)
 Dyspareunia*

Yes 11 (17.2) 43 (9.5) 0.06 1.97 0.96‑4.07
No 53 (82.8) 410 (90.5)

Contd...
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(16/97) of patients. None of the patients were infected 
with both biovars. U. parvum isolates were further 
subtyped into different serovars. Serovar 3/14 (58.0%; 
47/81) was the most frequent isolate followed by 
serovar 1 (27.2%; 22/81) and serovar 6 (14.8%; 12/81).

Multivariate analysis was done to find the 
possible association of C. trachomatis co-infection 
with other STDs (Table II). The rate of co-infection 
of C. trachomatis with HIV [18.8% (12/64); 
P=0.001; OR=8.48; 95% CI=3.27-21.68] and 

Ureaplasma spp. (17.2% (11/64); P=0.02; OR=2.27; 
95% CI=0.98-4.86) was significantly associated, 
whereas no significant association was found 
between M. hominis (21.9%; 14/64), N. gonorrhoeae 
(3.1% ; 2/64) and T. pallidum ( 4.7% ; 3/64 with C. 
trachomatis infection.

Distribution of C. trachomatis serovars by PCR-RFLP: 
Of the 64 ompA C. trachomatis-positive samples, 
serovars D (48.4%; 31/64),  E (32.8%; 21/64), F (7.8%; 
5/64), G (1.6%; 1/64) and I (9.4%; 6/64) were the most 

Characteristics C. trachomatis positive (%), (n=64) C. trachomatis negative (%), (n=453) P Crude OR 95% CI
Risk factors associated

Protection
Yes 2 (3.1) 70 (15.5) 0.008 0.18 0.02‑0.69
No 62 (96.9) 383 (84.5)
Sexual history
One partner 50 (78.1) 365 (80.6) 0.4 1.02 0.51‑2.06
Two partners 11 (17.2) 78 (17.2)
>Two partners 3 (4.69) 10 (2.2)
Source of infection
ME 51 (79.7) 362 (79.9) 0.9 1.01 0.52‑1.94
EME+PME 13 (20.3) 91 (20.1)
*Female patients only; †Male patients only. ME, marital exposure; EME, extramarital exposure; PME, premarital exposure; 
C. trachomatis, Chlamydia trachomatis

Table II. Chlamydia trachomatis co‑infection with genital mycoplasmas, Treponema pallidum, HIV and Neisseria gonorrhoeae
C. trachomatis infection

 Co‑infecting pathogens Positive (%) (n=64) Negative (%) (n=453) Total (n=517) P OR 95% CI
Ureaplasma spp.
Yes 11 (22.4) 38 (77.6) 49 (100) 0.02 2.27 0.98‑4.86
No 53 (11.3) 415 (88.7) 468 (100)
Mycoplasma hominis
Yes 14 (14.3) 84 (85.7) 98 (100) 0.52 1.23 0.60‑2.39
No 50 (12.0) 369 (88.0) 419 (100)
Treponema pallidum
Yes 3 (100) 0 3 (100) _ _ _
No 61 (11.9) 453 (88.1) 514 (100)
HIV
Yes 12 (50.0) 12 (50.0) 24 (100) 0.001 8.48 3.27‑21.68
No 52 (10.5) 441 (89.5) 493 (100)
Neisseria gonorrhoeae
Yes 2 (100) 0 2 (100) _ _ _
No 62 (12.0) 453 (88.0) 515 (100)
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common C. trachomatis serovars accounting for 53 
and 47 per cent of the infections in women and men, 
respectively. Serovars in women and men, respectively, 
included serovars D (26.6%; 17/64 vs. 21.9%; 14/64), 
E (15.6%; 10/64 vs. 17.2%; 11/64), F (4.7%; 3/64 vs. 
3.1%; 2/64), I (6.3%; 4/64 vs. 3.1%; 2/64) and G (0.0% 
; 0/64 vs. 1.6% ;1/64) (Figure A and B).

An analysis was done to identify the possible 
relationship between C. trachomatis serovars with 
demographic and clinical manifestations. However, no 
significant association was found except for the serovar 
E with lower abdominal pain (P=0.01) in women and 
serovar D with smoking (P=0.03) in men.

Sequencing of ompA gene: Optimization of the DNA 
sequence analysis was performed using reference DNA 
for C. trachomatis serovars D, E, F, G, H, I, J and K. 
Of the 64 C. trachomatis-positive cases, 31 (48.4%) 
isolates were randomly selected for sequencing. 
Of which, 22 (71.1%) C. trachomatis isolates were 
successfully sequenced and analyzed. The sequence 
data showed no sign of mixed infections. Variability in 
ompA sequences was seen in seven isolates (31.8%). 
Of these seven C. trachomatis isolates, five (71.4%) 
resulted in point mutations (one sample of serovar D 
and serovar I and two samples of serovar E). Insertion 
was observed in one (12.5%) of serovar I and silent 
mutation was observed in two isolates (25%) of serovar 
D (Table III).

On the basis of sequence similarity of ompA gene, 
phylogenetic analysis was performed to find out the 
evolutionary relationship among 22 C. trachomatis 
isolates. In B-complex, among 12 C. trachomatis 
isolates of serovar D, eight clinical samples were 
identical to the reference strain D/UW-3/CX, whereas 
the other four were closely related, showing 98 per 
cent of identity. Among the three isolates of serovar 
E, two were identical to reference strain E/UW-5/CX, 
showing 98 per cent of identities, whereas the other 
isolate showed 94 per cent of identity which was closely 
related. In F/G group, one isolate of serovar F and one 
strain of serovar G were identical to the reference 
strain F/IC-CAL3 and G-UW57, showing 97 per cent 
of identity. In C-complex, only four clinical isolates of 
serovar I were identified and all were closely related 
to the reference strain I/UW-12, showing 95 per cent 
of identity.

Discussion

Genitourinary tract infections due to C. trachomatis 
are a major cause of morbidity in sexually active 
individuals13, and women carry the major burden of 
the disease14. In the present study, C. trachomatis was 
found in 12.3 per cent samples by PCR assays; similar 
detection rates of C. trachomatis in patients with 
urogenital infections have been reported in previous 
studies from developing countries15. In our study, the 
highest rate of chlamydial infections was found in 

Table III. Mutation in seven clinical samples from patients with urogenital infections at baseline compared with ATCC reference 
strains
Serial number Serovar Number of nucleotide changes Nucleotide change Position (bp) Accession number
1 D 2 C‑‑‑T 841 KP015820

C‑‑‑T 961
2 D 2 T‑‑‑A 681 KP015821

A‑‑‑G 729
3 D 3 A‑‑‑T 678 KP015822

T‑‑‑A 704
T‑‑‑G 738

4 E 1 A‑‑‑G 622 KP015823
5 E 2 A‑‑‑T 622 KP015819

T‑‑‑A 740
6 I 2 T‑‑‑A 750 KP015818

A‑‑‑G 941
7 I 2 G‑‑‑A 1006 KP015824

T‑‑‑A 1031
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≤30 yr of age group. This is the sexually active group 
and more vulnerable to sexually transmitted infection 
(STI) acquisition16,17. A multivariate analysis showed 
that the most common presenting symptoms which 
were significantly associated with C. trachomatis-
infected women were vaginal discharge, low back pain 
and dysuria. The clinical presentation was similar to 
those described in previous studies18,19.

Ureaplasma spp. and M. hominis have been 
implicated in a variety of clinical conditions primarily 
related to lower genital tract colonization and 
infection. In the present study, 28.2 per cent of patients 
with urogenital infections were infected by genital 
mycoplasmas. Similar rates of infection have been 
reported by others20,21. Among the Ureaplasma isolates, 
U. parvum (Biovar 1) was the most prevalent and 
serovar 3/14 was the most frequent serovar detected, 
suggesting a possible pathogenic role of U. parvum 
serovar 3/14 11.

The non-ulcerative STIs caused by C. trachomatis 
and genital mycoplasmas, namely Ureaplasma spp., 
and M. hominis, potentially increase the susceptibility 
of acquiring and transmitting HIV22. Our study 
highlighted the importance of early laboratory 
diagnosis and specific treatment of these agents as 
these increase the risk of transmission many folds 
when exist together.

To develop epidemiological data and to detect 
multiple serovar infections, accurate and specific typing 
of C. trachomatis isolates is required23. Sequencing of 
the amplified ompA gene, which encodes the MOMP, 
is currently considered to be more sensitive, and 
more specific methods are available for identifying 
C. trachomatis serovars24.

In our study, serovar D was found to be the 
predominant serovar followed by serovars E, F, I and 
G. A similar distribution of C. trachomatis serovars 
has been reported23,25, whereas others have shown 
serovar E as the most prevalent one worldwide26. In 
a study by Gita et al27, serovar D was found to be 
the most predominant serovar amongst patients with 
urogenital infections, followed by E, F and I. However, 
in another study, serovar E was found to be the most 
predominant followed by genovars D and F in patients 
with infertility28. In our study other serovars H, J and 
K of C. trachomatis were not found which have been 
reported by other workers26,29. 

Clinical symptoms were analyzed for possible 
associations with particular C. trachomatis serovars. 

Serovar E was significantly associated with lower 
abdominal pain in women, which was in contrast with 
previous studies which reported that women infected with 
intermediate group F/G genotypes more often complained 
of lower abdominal pain4,25. Most studies investigating the 
association between C. trachomatis serovars and clinical 
symptoms of infection showed contradictory results30.

Sequencing for a subset of 22 C. trachomatis 
isolates was performed and mutations were observed. 
However, no visible trace of recombination was 
found in ompA in our genetic variants compared to 
the respective prototype strain, suggesting that the 
genetic variability observed in our study was strictly 
a consequence of the occurrence of point mutations. 
A minor sequence variation was observed within the 
genotypes in our clinical isolates. Single-nucleotide 
variation was observed in one isolate of serovar E, 
which made it difficult to exclude the possibility of 
sequencing artefacts. However, two to three nucleotide 
substitutions were observed in five isolates, which 
indicated that these were accurate. Two (28.6%) of 
the seven C. trachomatis isolates were synonymous 
(i.e. silent), which suggested that these were 
evolutionary neutral.

In conclusion, patients infected with C. trachomatis 
have a significant risk of being infected with other STIs, 
namely U. urealyticum and HIV, suggesting screening 
of these agents along with C. trachomatis. Genotyping 
of the ompA gene of C. trachomatis isolates could 
be useful for epidemiological characterization of 
circulating C. trachomatis strains in the community 
and could provide additional information for vaccine 
development. 

Acknowledgment: Authors thank Dr S.M. Bruisten, Molecular 
Microbiology-Public Health laboratory, GGD Amsterdam, 
Netherlands, for providing the control DNA of C. trachomatis 
serovars and technical assistance of Shri Vikas, Laboratory 
Attendant, Department of Microbiology, All India Institute of 
Medical Sciences, New Delhi.

Financial support & sponsorship: Authors acknowledge 
the Indian Council of Medical Research, New Delhi, for providing 
financial support (grant no. 80/653/2010-ECD-I).

Conflicts of Interest: None.

References
1.	 Workowski KA, Berman SM; Centers for Disease Control 

and Prevention, Sexually transmitted diseases treatment 
guidelines, 2006. MMWR Recomm Rep 2006; 55 : 1-94.



	 RAWRE et al: CHLAMYDIA TRACHOMATIS OMPA GENOTYPING	 669

2.	 Stamm WE, Holmes KK. Chlamydia trachomatis infections in 
the adult. In: Holmes KK, Mardh PA, Sparling PF, Wiesner PJ, 
editors. Sexually transmitted diseases, 2nd ed. New York: 
McGraw Hill; 1990. p. 181-93.

3.	 Donati M, Di Francesco A, D’Antuono A, Pignanelli S, 
Shurdhi A, Moroni A, et al. Chlamydia trachomatis serovar 
distribution and other concurrent sexually transmitted 
infections in heterosexual men with urethritis in Italy. Eur J 
Clin Microbiol Infect Dis 2009; 28 : 523-6.

4.	 Geisler WM, Suchland RJ, Whittington WL, Stamm WE. 
The relationship of serovar to clinical manifestations of 
urogenital Chlamydia trachomatis infection. Sex Transm Dis 
2003; 30 : 160-5.

5.	 Versteeg B, Bruisten SM, van der Ende A, Pannekoek Y. 
Does typing of Chlamydia trachomatis using housekeeping 
multilocus sequence typing reveal different sexual networks 
among heterosexuals and men who have sex with men? BMC 
Infect Dis 2016; 16 : 162.

6.	 Schlicht MJ, Lovrich SD, Sartin JS, Karpinsky P, Callister SM, 
Agger WA. High prevalence of genital mycoplasmas among 
sexually active young adults with urethritis or cervicitis 
symptoms in La Crosse, Wisconsin. J Clin Microbiol 
2004; 42 : 4636-40.

7.	 Mahony JB, Luinstra KE, Sellors JW, Jang D, Chernesky MA. 
Confirmatory polymerase chain reaction testing for Chlamydia 
trachomatis in first-void urine from asymptomatic and 
symptomatic men. J Clin Microbiol 1992; 30 : 2241-5.

8.	 Gao X, Chen XS, Yin YP, Zhong MY, Shi MQ, Wei WH, et al. 
Distribution study of Chlamydia trachomatis serovars among 
high-risk women in China performed using PCR-restriction 
fragment length polymorphism genotyping. J Clin Microbiol 
2007; 45 : 1185-9.

9.	 Stellrecht KA, Woron AM, Mishrik NG, Venezia RA. 
Comparison of multiplex PCR assay with culture for 
detection of genital mycoplasmas. J Clin Microbiol 2004; 42 
: 1528-33.

10.	 Knox CL, Timms P. Comparison of PCR, nested PCR, and 
random amplified polymorphic DNA PCR for detection 
and typing of Ureaplasma urealyticum in specimens from 
pregnant women. J Clin Microbiol 1998; 36 : 3032-9.

11.	 De Francesco MA, Negrini R, Pinsi G, Peroni L, Manca N. 
Detection of Ureaplasma biovars and polymerase chain 
reaction-based subtyping of Ureaplasma parvum in women 
with or without symptoms of genital infections. Eur J Clin 
Microbiol Infect Dis 2009; 28 : 641-6.

12.	 Tamura K, Stecher G, Peterson D, Filipski A, Kumar S.  
MEGA6: Molecular Evolutionary Genetics Analysis Version 
6.0.  Molecular Biology and Evolution 2013; 30 : 2725-9.

13.	 Mahony JB, Luinstra KE, Tyndall M, Sellors JW, Krepel J, 
Chernesky M. Multiplex PCR for detection of Chlamydia 
trachomatis and Neisseria gonorrhoeae in genitourinary 
specimens. J Clin Microbiol 1995; 33 : 3049-53.

14.	 Malhotra M, Sood S, Mukherjee A, Muralidhar S, Bala M. 
Genital Chlamydia trachomatis: An update. Indian J Med Res 
2013; 138 : 303-16.

15.	 León SR, Konda KA, Klausner JD, Jones FR, Cáceres CF, 
Coates TJ, et al. Chlamydia trachomatis infection and 
associated risk factors in a low-income marginalized urban 

population in Coastal Peru. Rev Panam Salud Publica 
2009; 26 : 39-45.

16.	 Acosta-Cázares B, Ruiz-Maya L, Escobedo de la Peña J. 
Prevalence and risk factors for Chlamydia trachomatis 
infection in low-income rural and suburban populations of 
Mexico. Sex Transm Dis 1996; 23 : 283-8.

17.	 Asbel LE, Newbern EC, Salmon M, Spain CV, 
Goldberg M. School-based screening for Chlamydia 
trachomatis and Neisseria gonorrhoeae among Philadelphia 
public high school students. Sex Transm Dis 2006; 33 : 
614-20.

18.	 Hirsl-Hećej V, Pustisek N, Sikanić-Dugić N, Domljan LM, 
Kani D. Prevalence of chlamydial genital infection and 
associated risk factors in adolescent females at an urban 
reproductive health care center in Croatia. Coll Antropol 2006; 
30 (Suppl 2) : 131-7.

19.	 Miller WC, Ford CA, Morris M, Handcock MS, Schmitz JL, 
Hobbs MM, et al. Prevalence of chlamydial and gonococcal 
infections among young adults in the United States. JAMA 
2004; 291 : 2229-36.

20.	 Radcliffe KW, Ahmad S, Gilleran G, Ross JD. Demographic 
and behavioural profile of adults infected with chlamydia: A 
case-control study. Sex Transm Infect 2001; 77 : 265-70.

21.	 Luki N, Lebel P, Boucher M, Doray B, Turgeon J, Brousseau R. 
Comparison of polymerase chain reaction assay with culture 
for detection of genital mycoplasmas in perinatal infections. 
Eur J Clin Microbiol Infect Dis 1998; 17 : 255-63.

22.	 Ghys PD, Fransen K, Diallo MO, Ettiègne-Traoré V, 
Coulibaly IM, Yeboué KM, et al. The associations between 
cervicovaginal HIV shedding, sexually transmitted diseases 
and immunosuppression in female sex workers in Abidjan, 
Côte d’ivoire. AIDS 1997; 11 : F85-93.

23.	 Barnes RC, Suchland RJ, Wang SP, Kuo CC, Stamm WE. 
Detection of multiple serovars of Chlamydia trachomatis in 
genital infections. J Infect Dis 1985; 152 : 985-9.

24.	 van Duynhoven YT, Ossewaarde JM, Derksen-Nawrocki RP, 
van der Meijden WI, van de Laar MJ. Chlamydia trachomatis 
genotypes: Correlation with clinical manifestations of 
infection and patients’ characteristics. Clin Infect Dis 1998; 
26 : 314-22.

25.	 Singh V, Salhan S, Das BC, Mittal A. Predominance of 
Chlamydia trachomatis serovars associated with urogenital 
infections in females in New Delhi, India. J Clin Microbiol 
2003; 41 : 2700-2.

26.	 Nunes A, Nogueira PJ, Borrego MJ, Gomes JP. Adaptive 
evolution of the Chlamydia trachomatis dominant antigen 
reveals distinct evolutionary scenarios for B- and T-cell 
epitopes: Worldwide survey. PLoS One 2010; 5. pii: 
e13171.

27.	 Gita S, Suneeta M, Anjana S, Niranjan N, Sujata M, 
Pandey RM. C. trachomatis in female reproductive tract 
infections and RFLP-based genotyping: a 16-year study 
from a tertiary care hospital. Infect Dis Obstet Gynecol 2011; 
2011 : 548219.

28.	 Rawre J, Dhawan B, Malhotra N, Sreenivas V, Broor S, 
Chaudhry R. Prevalence and distribution of Chlamydia 
trachomatis genovars in Indian infertile patients: A pilot study. 
APMIS 2016; 124 : 1109-15.



670 	 INDIAN J MED RES, MAY 2019

For correspondence: �Dr Benu Dhawan, Department of Microbiology, All India Institute of Medical Sciences, New Delhi 110 029, India 
e-mail: dhawanb@gmail.com

29.	 Bandea CI, Kubota K, Brown TM, Kilmarx PH, Bhullar V, 
Yanpaisarn S, et al. Typing of Chlamydia trachomatis strains 
from urine samples by amplification and sequencing the major 
outer membrane protein gene (omp1). Sex Transm Infect 2001; 
77 : 419-22.

30.	 Lister NA, Tabrizi SN, Fairley CK, Smith A, Janssen PH, 
Garland S. Variability of the Chlamydia trachomatis omp1 
gene detected in samples from men tested in male-only 
saunas in Melbourne, Australia. J Clin Microbiol 2004; 42 : 
2596-601.


