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Abstract

Introduction: Chlamydia trachomatis (CT) is the most common cause of non-gonococcal
urethritis. Prevalence of CT infections in Sri Lanka was 17.1% in females in 2015. Real-time PCR
for diagnostic testing of CT was started in 2015 but screening programmes have not been initiated
due to the high cost. The aim of this study was to determine the genotypes of CT in patients from
Colombo, since genotypic distribution in Sri Lanka is not known.

Methods: Stored first void urine samples (n=208) from a previous study on patients attending two
clinics in Colombo were used. Samples that were positive by Artus C. trachomatis Plus RG Real
time PCR (Qiagen) were retested with a nested PCR described previously, which generated 15
ompA sequences suitable for standard sequencing.

Results: Genovars E (n=6; 40%), F (n=5; 33.3%), G (n=3; 20%) and H (n=1; 6.7%) were
identified.

Conclusions: As seen in most parts of the world, genovar E and F were the most commonly
detected CT genovars among patients in Colombo.
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Introduction

Chlamydia trachomatis (CT) is the most common aetiological agent of non-gonococcal urethritis
and is a public health problem, with a worldwide prevalence of 2.9% that varies significantly in
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different regions.! Chlamydial infections are mostly asymptomatic, leading to complications such
as pelvic inflammatory disease, ectopic pregnancy and tubal factor infertility in females and
epididymitis and proctitis in men. These unrecognized infected individuals transmit infections to
their sexual partners.? The World Health Organization estimates that approximately 131 million
new cases of genital CT infections occurred globally in 2012.% In Sri Lanka, where a screening
programme does not exist, prevalence of CT in females increased from 8.3% in 2012%to 17.1% in
2015.5

The circular genome of CT comprises a chromosome of 1.04 MB and multiple copies of a highly
conserved plasmid of 7.5 KB.? The ompA gene, which encodes the major outer membrane protein
(MOMP), is approximately 1.2 KB in length and contains four highly variable domains (VDI-I1V)
and five constant domains (CDI-V).® Based on VDI-IV, CT can be categorised into 19 genovars:
A, B/Ba, C,D/Da, E, F, G, H, I/la, J/Ja, K, L1, L2/L2a and L3.° Different genovars exhibit different
clinical features, and genovars A-C, D-K and L1-L3 are often associated with trachoma,
reproductive tract infections and lymphogranuloma venereum respectively.® Little is known about
the molecular types circulating in Sri Lanka. Strains infecting different sub-populations, i.e. men
having sex with men (MSM), heterosexuals and bisexuals, are genetically distinct.” Strain typing
of CT is helpful for (i) determining tissue tropism of strains (ii) identification of persistent
infection, reinfection and new infection (iii) understanding the transmission dynamics in sexual
networks (iv) evolutionary surveillance of specific clones and (v) for vaccine design.

Methods

Clinical specimens for characterizing genovars were acquired from stored samples of a previous
study. In Sri Lanka, the following criteria are used for selecting patients for CT diagnostic testing:
(1) symptomatic patients; (2) both male and females involved in high risk activity such as
commercial sex workers, having multiple partners and MSM (3) clients of sex workers and
contacts of infected patients.® Patients fitting the above criteria (n=208) were recruited from two
clinics in Colombo (Central clinic, National STD/AIDS control programme [(NSACP) n=125] and
STD clinic, Kalubowila, Sri Lanka (n=83) for a previous study. Samples were collected from 19"
March 2018 to 28™ October 2019.

NSACP is the only laboratory which performs CT real-time PCR for the Ministry of Health, Sri
Lanka. Specimens from STD clinic, Kalubowila are sent to the NSACP for real-time PCR
testing. Twenty of the 208 patients (9.6%) were positive for CT by the Artus C. trachomatis Plus
RG Real time PCR (Qiagen). Stored first void urine samples from these 20 patients were used
for genotyping and were re-tested by a nested PCR to generate ompA gene amplicons for
sequencing.® DNA was extracted by QIAmp viral RNA mini kit (Qiagen) which is
recommended for the extraction of DNA from bacteria in urine.® For the primary amplification,
25 pL of the lysate was added to 75 pL reaction mix with a final concentration of 10 mM Tris-
HCI (pH 8.3), 50 mM KCI, 200 uM of each dNTP, 25 pmol of each primer (CT90UF: 5’-
GGACATCTTGTCTGGCTTTAACT-3’ and CT220DR: 5°-
GCGCTCAAGTAGACCGATATAGTA-3") and 2.5U of GoTaq polymerase (Promega).® The
thermocycler was programmed for 94 °C for 5 minutes, followed by 40 cycles of 94 °C for 30
seconds, 52 °C for 1 minute, and 72 °C for 1 minute and a final extension at 72 °C for 5 minutes.
For the nested PCR, 5 L of the primary PCR product was added to 95 pL of a reaction mix
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prepared as described above except for the substitution of the primer pair (CT60UF: 5°-
GTCCCGCCAGAAAAAGATAG-3’ and CT80DR: 5°-
CCAGAAACACGGATAGTGTTATTA-3").° Amplification conditions were the same as above.
PCR products were analysed by ethidium bromide stained 1.2% agarose gel electrophoresis.

Fifteen of 20 samples were positive by the nested PCR and produced amplicons suitable for
sequencing. These underwent standard sequencing (Macrogen Inc, South Korea) with the five
sequence primers listed below:

CT40F 5-ATAGCGAGCACAAAGAGAGC-3

CT160F 5'-ACCACTTGGTGTGACGCTATCCAG-3":

CT419F 5'-TGGGATCGTTTTGATGTATT-3;

CT662F 5'-ACGTTAGGAGCTTCTTTCCAATA-3;

CT902F 5-TCCTTACATTGGAGTTAAATGGTC-3'1!

Phylogenetic analysis

In a first analysis, the sequences of the 15 isolates were compared to ompA nucleotide sequences
of known serovars of CT using the BLAST search tool at the National Center for Biotechnology
Information (NCBI) (http://www.ncbi.nlm.nih.gov). The genital CT ompA sequences were aligned
using Muscle algorithms of Molecular Evolutionary Genetics Analysis-X (MEGA-X) software
and a phylogenetic tree was inferred using the neighbour-joining method and Jukes-Cantor model
with 1000 bootstrap replications. All DNA sequences from this study have been deposited with
GenBank (accession nos. OP093731-OP093745).

Phylogenetic analysis was used to illustrate the evolutionary relationships among clinical isolates
with the following ATCC CT A-K reference strains (accession no. in parenthesis): VR-571
(JX548318), VR-573 (JX559518), VR-347 (JX559521), VR-1477 (JX559519), VR-885
(JX559520), VR-3488 (JX559522), VR-346 (JX564244), VR-878 (IX564245), VR-879
(JX564246), VR-880 (IX564247), VR-886 (JX648604), VR-887 (JX564248). Chlamydia suis
(KU668376) was used for outrooting the tree.

Results and discussion

Fifteen of 20 samples positive by real time PCR produced amplicons of the expected band size
with the nested PCR. Sequencing led to the identification of genovars E (n=6; 40%), F (n=5;
33.3%), G (n=3; 20%) and H (n=1; 6.7%).

None of the sequenced samples belonged to commercial sex workers and there was only one
patient who was a MSM (genotype G). Ages ranged from 22-46 years and 73% of the sequenced
samples were from males.

The phylogenetic analysis produced a tree that grouped the samples into five clades (Fig. 1). The
H genovar isolate (Ch6/0OP093736) sequence was consistent with the genovar H reference
sequence (JX564246) showing 99.3% identity. All six E genovar isolates (Ch4/OP093734, Ch7/
OP093737, Ch11/0P093741, Ch13-15/0P093743-45) had high homology (99.6% identity) with
genovar E reference sequence (JX559522) and isolates from USA, Thailand, Russia, Japan,
Denmark, Brazil and India. One of the F genovar clinical isolates (Ch9/OP093739) was identical
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to an isolate from Australia (AY464145) and closely related to genovar F reference sequence
(JX564244) showing 99.6% identity. The other four F genovar isolates (Ch3/OP093733, Ch5/
OP093735, Ch10/0P093740, Ch12/0OP093742) were closely related to genovar F reference
sequence and isolates from USA, Japan, Russia, Denmark, Thailand, China, and Brazil. Two of
the isolates of genovar G (Ch2/0OP093732 and Ch8/OP093738) were identical to isolates from
Iceland (AF414957) and USA (DQ116400) and the other (Chl/ OP093731) was more similar to
isolates from Denmark, Russia, Belarus, USA, and Australia than to the prototype strain G

(IX564245) (Fig. 1).
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Figure 1. Phylogenetic tree based on the ompA gene including the sample genotype sequences
(Ch1-Ch15/accession nos. OP093731-OP093745) from this study and ATCC reference sequences
from GenBank. Reference sequences are presented as GenBank accession no./country/genovar.

E and F are the most prevalent genovars that have been noted worldwide.'? In studies done in the
past five years among STD clinic attendees (Table 2), E and F continue to be the most prevalent
in most countries. A few exceptions to this pattern of distribution are seen in Russia, Turkey,
Argentina and Brazil (Table 2). Predominance of genovars G, D and J are seen among MSM.’
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Table 2: Genotype distribution among STD clinic attendees in different countries during the past 5

years
Country Year of No. of Typing Genotype distribution using Reference
publication samples method ompA sequencing (%) No
sequenced
China 2022 273 ompA J (28.6), E (23.1), F (17.6), D 6
sequencing (13.9), G (8.4), K (4.8), H
(2.6), Ba/D (1.1)
China 2020 106 ompA E (26.2), F (18.9), D (15.1),J 13
sequencing (15.1), G (8.5), H (7.5), K
(4.7),B(1.9),1(1.9),
China 2018 130 MLST D (20.8), E (20.0), F (17.7), J 14
Sequencing (16.9), G (13.1), K(6.9), H
(3.1),B (15
India 2019 22 RFLP+ D (48.4), E (32.8), F (7.8), | 15
sequencing (9.4),G (1.6)
Russia 2018 74 ompA E (41.9), G (21.6), F (13.5), K 16
sequencing (9.5), D (6.8), J (4.1), H (2.7).
UK 2017 302 MLVA E (45), D (20), F (10) G (8) 17
Turkey 2016 55 HRMA E (36.4), G (23.6), H (21.8), D 18
(16.4) F (1.8).
Chile 2016 178 Microarray + E (50.3), D (13.2), F (11.6) 19
PCR-RFLP
Argentina 2016 104 ompA D (11), Da (1.0), F (11), G 20
sequencing/ML  (6.7), H (1.9), I (1.0), J (6.7),
ST/ K (2.9)
Microarray
Brazil 2016 17 ompA F (37.5), J (25), E (25), | 21
sequencing (6.25), D (6.25)

MLST — multilocus sequence typing; RFLP — restriction fragment length polymorphism; MLVA — multiple locus
variable-number tandem repeat analysis; HRMA — high resolution melting analysis

Molecular epidemiological information on CT from urogenital infections is limited in Asia. This
is the first report from Sri Lanka of circulating CT genovars among STD patients in Colombo.
Colombo is the most densely populated district in Sri Lanka with 3,330 persons per square
kilometer. There are only two STD clinics for the Colombo district and this study was conducted
among patients recruited from both. Only four genovars were identified in our study; E (40%), F
(33.3%) and G (20%) were the predominant types. Although the number of sequenced samples is
a limitation, it provides an insight into genotypes found in STD clinic attendees of Colombo. The
pattern is similar to the worldwide distribution of highly prevalent genovars.

The limitation of this study is the small number of isolates that were sequenced. Of the 208 patients
recruited, only 20 had chlamydia infection. This precluded attempts at looking for associations
with age, gender, and clinical features. However, studies that did look at such associations found
conflicting results.

Conclusion and recommendations

Genovars E and F were the most predominant. Genotypes identified were highly conserved in the
ompA gene or closely related to known strains from various parts of the world. To visualize the
5
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true picture of circulating CT genotypes in the country, individuals from different parts of the
country should be included and a much larger sample size should be recruited in future studies.

Declaration

Acknowledgement: We thank the healthcare workers and patients for their cooperation.

Conflicts of Interest: The authors declare that they have no competing interests

Funding: University of Sri Jayewardenepura ASP/01/RE/MED/2016/74

Ethics statement: This study was approved by the Ethics Review Committee, Faculty of Medical Sciences, University of Sri
Jayewardenepura (No. 73/17).

Availability of data and materials: The datasets used and/or analysed during the current study are available from the corresponding
author on reasonable request.

Authors' contributions: KG concept, design, funding; HA specimen collection, laboratory work; CG provided laboratory facilities; NA
patient recruitment; JE provided real time PCR. All authors read and approved the manuscript

References

1.

2.

10.

11.

12.

Huai P, Li F, Chu T et al. Prevalence of genital Chlamydia trachomatis infection in the general
population: a meta-analysis. BMC Infect Dis 2020; 20:589. doi: 10.1186/s12879-020-05307-w
Batteiger, B.E., Tan M. Chlamydia trachomatis (Trachoma and Urogenital infections) In: Mandell,
Douglas & Bennett (eds). Principles and Practice of Infectious Diseases: Philadelphia: Elsevier, 2020:
pp. 2301-2319.

World Health Organization. Sexually transmitted infections (STIs) Available at:
https://www.who.int/en/news-room/fact-sheets/detail/sexually-transmitted-infections-(stis)  Accessed
on 1.08.2022

Gunasekera KM, Silva KCDP, Prathapan S et al. Prevalence of Chlamydia trachomatis in women
attending sexually transmitted disease clinics in the Colombo district, Sri Lanka. Indian J Pathol
Microbiol 2014; 57:55-60. doi: 10.4103/0377-4929.130898

De Silva RND, Elwitigala JP, Corea EM et al. Prevalence and associated factors of genital chlamydia
infection among Central Sexually Transmitted Diseases clinic attendees in Sri Lanka. Sri Lanka
Journal of Sexual Health and HIV medicine 2018; 4:11-17 doi: http://doi.org/10.4038/joshhm.v4i0.67
Tang Y, Yang X, Duan L et al. Genetic and clinical characteristics of genital Chlamydia trachomatis
infection in Guangzhou, China. Infect Genet Evol 2022; 101:105285

doi: https://doi.org/10.1016/j.meegid.2022.105285

Christerson L, Bom R, Bruisten S et al. Chlamydia trachomatis Strains Show Specific Clustering for
Men Who Have Sex with Men Compared to Heterosexual Populations in Sweden, the Netherlands, and
the United States. J Clin Microbiol 2012; 50(11):3548-3555. doi: 10.1128/JCM.01713-12

National STD/AIDS control programme. Sexually transmitted infections. Management guidelines
Available at:  http://www.aidscontrol.gov.lk/images/publications/guidelines/Final-Combined-STI-
guidelines.pdf. Accessed on 1.08.2022

Somani J, Bhullar V, Workowski K et al. Multiple Drug—Resistant Chlamydia trachomatis Associated
with Clinical Treatment Failure. J Infect Dis 2000; 181:1421-7 doi: 10.1086/315372

Qiagen. QIAmp viral RNA mini-Handbook Available at:
https://www.giagen.com/us/products/diagnostics-and-clinical-research/sample-processing/giaamp-
viral-rna-kits/. Accessed on 1.08.22

Bandea ClI, Kubota K, Brown TM et al. Typing of Chlamydia trachomatis strains from urine samples
by amplification and sequencing the major outer membrane protein gene (ompl). Sex Trans Infect
2001; 77:419-422. doi: 10.1136/sti.77.6.419

Nunes A, Nogueira PJ, Borrego MJ et al. Adaptive Evolution of the Chlamydia trachomatis Dominant
Antigen Reveals Distinct Evolutionary Scenarios for B- and T-cell Epitopes: Worldwide Survey. Plos
One 2010; 5(10):e13171. doi:10.1371/journal.pone.0013171

SLJID « www. http://sljol.info/index.php/SLJID * Vol. 13, No. 2, October 2023


https://www.who.int/en/news-room/fact-sheets/detail/sexually-transmitted-infections-(stis)
http://doi.org/10.4038/joshhm.v4i0.67
https://doi.org/10.1016/j.meegid.2022.105285
http://www.aidscontrol.gov.lk/images/publications/guidelines/Final-Combined-STI-guidelines.pdf
http://www.aidscontrol.gov.lk/images/publications/guidelines/Final-Combined-STI-guidelines.pdf
https://www.qiagen.com/us/products/diagnostics-and-clinical-research/sample-processing/qiaamp-viral-rna-kits/
https://www.qiagen.com/us/products/diagnostics-and-clinical-research/sample-processing/qiaamp-viral-rna-kits/

13.

14.

15.

16.

17.

18.

19.

20.

21.

Chung Y, Han M, Park J et al. Genotypes Among Sexually Transmitted Disease Patients in Korea. Clin
Lab 2020; 66(5): doi:10.7754/Clin.Lab.2019.191018.

Xue Y, Zheng H, Tang W et al. Prevalence and Genotype Distribution of Chlamydia trachomatis in
Urine among Men Attending Sexually Transmitted Disease Clinics in Guangdong Province, China, in
2016. Jpn J Infect Dis 2018; 71:104-108 doi:10.7883/yoken.JJID.2017.358

Rawre J, Dhawan B, Khanna N et al. Distribution of Chlamydia trachomatis ompA genotypes in
patients attending a sexually transmitted disease outpatient clinic in New Delhi, India. Indian J Med
Res 2019; 149:662-670. doi: 10.4103/ijmr.IJMR_1171 17

Feodorova VA, Konnova SS, Saltykov YV et al. Urogenital Chlamydia trachomatis multilocus
sequence types and genovar distribution in chlamydia infected patients in a multi-ethnic region of
Saratov, Russia. Plos One 2018; 13(4):e0195386. doi:10.1371/journal.pone.0195386.

Labiran C, Rowen D, Clarke IN et al. Detailed molecular epidemiology of Chlamydia trachomatis in
the population of Southampton attending the genitourinary medicine clinic in 2012-13 reveals the
presence of long established genotypes and transitory sexual networks. Plos One 2017; 12(9):e0185059
doi: https://doi.org/10.1371/journal.pone.0185059

Koksal MO, Beka H, Demirci M et al. Prevalence and genotyping of Chlamydia trachomatis in
symptomatic male patients from Istanbul, Turkey. Springerplus 2016; 5:1706
doi:10.1186/s40064-016-3370-3

Vaulet LG, Entrocassi C, Portu Al et al. High Frequency of Chlamydia trachomatis Mixed Infections
Detected by Microarray Assay in South American Samples. Plos One 2016; 11(4):e0153511.
doi:10.1371/journal.pone.0153511

Isakssona J, Vaulet L, Christerson L et al. Comparison of multilocus sequence typing and multilocus
typing microarray of Chlamydia trachomatis strains from Argentina and Chile. J Microbiol Methods
2016; 127:214-218 doi: https://doi.org/10.1016/j.mimet.2016.06.005.

Brasiliense DM, Borges B, Ferreira WAS. Genotyping and prevalence of Chlamydia trachomatis
infection among women in Belém, Pard, northern Brazil. J Infect Dev Ctries 2016; 10(2):134-137
doi:10.3855/jidc.6474

SLJID « www. http://sljol.info/index.php/SLJID * Vol. 13, No. 2, October 2023


https://doi.org/10.1371/journal.pone.0185059
https://doi.org/10.1016/j.mimet.2016.06.005

