The Journal of Medical Laboratory Science & Technology South Africa. 2023;5:11-23
https://doi.org/10.36303/JMLSTSA.130

Open Access article distributed under the terms of the

Creative Commons License [CC BY-NC-ND 4.0]

JMLSTSA

ISSN 2664 2549  EISSN 2708 3063
© 2023 The Author(s)

http://creativecommons.org/licenses/by-nc-nd/4.0

ORIGINAL RESEARCH

Genotyping of Chlamydia trachomatis from vaginal swabs by
restriction analysis of the outer membrane protein gene

C Ramnarain,() N Mabaso, ' B Ngobese,( "' N Abbai
School of Clinical Medicine Laboratory, College of Health Sciences, Nelson R Mandela School of Medicine,
University of KwaZulu-Natal, South Africa

Corresponding author, email: abbain@ukzn.ac.za

Background: Chlamydia trachomatis (C. trachomatis) is a common cause of bacterial sexually transmitted infections (STIs). The genetic
characterisation of C. trachomatis serovars reveals significant genetic diversity in this organism. This study investigated the diversity of
C. trachomatis serovars in human immunodeficiency virus (HIV)-infected pregnant women in South Africa.

Methods: For this study, 385 vaginal swab samples were tested for the presence of C. trachomatis. The swabs were collected from HIV-
infected pregnant women at the King Edward VIII Hospital in Durban, South Africa. The outer membrane protein (omp1) gene from
C. trachomatis was amplified and positive amplicons were digested with restriction enzymes Alul, Ddel and Hinfl for the assignment
of serovars.

Results: The prevalence of C. trachomatis in the study population was 12.2% (47/385). Serovar E (46.5%) was the most frequent
serovar in our study population, followed by serovars F (20.9%), G (14.0%) and D (11.6%). Serovar | (4.7%), which was detected in two
samples, was the least frequent. Risk factors for C. trachomatis include having a low level of education, being unemployed, being
unmarried, not cohabitating, early age of first sex, high number of lifetime sex partners, a partner having other partners, lack of
condom use, lacking symptoms of STls, and lacking treatment for STls.

Conclusion:Five different serovars were observed among the participants. The high genetic diversity observed in this study contributes

to the challenges regarding future vaccine design and the development of antigen-based rapid diagnostic tests for Chlamydia.
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Introduction

In both industrialised and developing countries, reproductive
tract infections are one of the most important public health
challenges." Chlamydia trachomatis (C. trachomatis) is a Gram-
negative, obligate intracellular bacterium that can replicate
only within a host cell. It is the most common cause of bac-
terial sexually transmitted infections (STIs) in young women
globally. Up to 80% of C. trachomatis infections in women are
asymptomatic.? Infection with C. trachomatis is becoming more
common throughout the world.

According to the World Health Organization (WHO) reports, STls
have risen globally in recent years, with C. trachomatis being
one of the most common bacterial STI pathogens, producing
an estimated 106 million new infections each year.? Infertility,
persistent pelvic pain, ectopic pregnancy, early rupture of
membranes, spontaneous preterm abortion, and perinatal
death are all problems of C. trachomatis colonisation in the
reproductive tract of pregnant women.! In 2014, approximately
1.44 million chlamydial infections were reported in the United
States of America, and the most significant number since cases
were first recorded in 1984. The rate of reported chlamydial
infections showed a worldwide increase from 316.5 to 456.1
occurrences per 100 000 people between 2004 and 2014.
According to data from the European Centre for Disease Control

and Prevention (ECDC), the number of registered C. trachomatis
infections in Europe has increased from 191 000 in 2004 to
385000 in 2013, equating to a rise in incidence of 162.8 to 181.8
infections per 100 000 people.?

The WHO estimates that 50 million women globally have con-
tracted C. trachomatis for the first time, with 34 million cases
occurring in sub-Saharan Africa (SSA) and south to southeast
Asia.* The prevalence of C. trachomatis is considered to be high
in SSA, with more than 10 million new infections reported
annually.# In South Africa, it was reported that 6% of men and
14.7% of women had C. trachomatis in 20177 In a study published
in 2019, the prevalence of C. trachomatis was 20% (49/242) in
a population of pregnant South African women.® Since many
infections are asymptomatic and go unnoticed, the actual
number of new infections is likely to be substantially greater.

Genotyping is a technique used to detect minor genetic dif-
ferences that can contribute to significant phenotypic changes,
such as pathological changes that underpin disease.” Owing
to its high resolution, genotyping allows the differentiation of
bacterial strains based on their genetic content. Recently, this
has become frequently employed for bacterial strain typing. A
grouping of bacteria or viruses based on cell surface antigens
is known as a serovar. Serovars allow organisms to be classified
down to the subspecies level, which is crucial in epidemiology.
C. trachomatis is divided into the following 15 serovars: A, B, Ba,
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C,D,E FG,H,IJ K L1 L2and L3, based on the structure of the
outer membrane protein (omp1) gene®

Sexually transmitted serovars of C. trachomatis (i.e. D, E, F, G, H, |,
J and K) cause cervicitis in patients in numerous countries, while
L1, L2 and L3 are linked to lymphogranuloma venereum. It has
been reported that serovars D, E and F are more typically related
to cervical, vaginal and urethral infections in industrialised
countries.® Urogenital infections are caused mostly by C
trachomatis serovars D to K. Of these, serovars D, E and F account
for up to 60-70% of these infections. Genomic techniques,
particularly omp1 genotyping, is more sensitive and precise
than serotyping or immunotyping.” The variable domains of
the omp1 nucleotide sequences exhibit significant variations in
different serovars and have become widely used for genotyping
C. trachomatis isolates. The most common serovars among
pregnant women infected with C. trachomatis are unknown in
most African nations, including South Africa.’

Currently, there are limited data on the serovars of C. trachomatis
detected in pregnant women in South Africa. This study
determined the prevalence and factors associated with C
trachomatis infection and the polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) of the
omp]l gene was performed in order to identify the different
serovars present in the population of pregnant women. This
study will form the basis of subsequent research on the genetic
diversity of C. trachomatis in South African pregnant women.

Methods
Study setting, population and sample collection

This was a cross-sectional study of pregnant women attending
the antenatal clinic (ANC) at the King Edward VIIl Hospital in
Durban, South Africa. Recruitment for this study took place
between October 2020 and April 2021. Women were enrolled in
this study if they were HIV-positive; 18 years and older; willing
to provide written informed consent; willing to provide vaginal
swab samples; and willing to provide socio-demographic,
behavioural and clinical data. Participants were provided with
instructions on proper sample collection and each participant
provided self-collected vaginal swabs (dry swabs) for the
detection of vaginal infections. The participants also completed
a questionnaire on socio-demographic, behavioural and clinical
factors. A total of 385 vaginal swab samples were collected and
tested for the presence of C. trachomatis.

DNA isolation from vaginal swabs

Deoxyribonucleic acid (DNA) was extracted from the 385 vaginal
swabs using the PureLink™ Microbiome DNA Purification Kit
(Thermo-Fisher Scientific, USA). This kit is designed to extract
DNA using bead-beating technology. The DNA extractions
were performed as per the manufacturer’s instructions. DNA
concentration and quality were determined using a NanoDrop®
spectrophotometer (Thermo-Fisher Scientific, USA).

Detection of C. trachomatis

C. trachomatis was detected using the Applied Biosystems™
TagMan®  Assays. probes
(Ba04646249_s1) which targets the translocated actin-recruiting
phosphoprotein of C. trachomatis were used. Amplification was

Commercial  primers  and

performed on the QuantStudio™ 5 real-time polymerase chain
reaction (PCR) detection system (Thermo-Fisher Scientific, USA).
Briefly, each reaction was performed in a final volume of 10 pl
and included: 1 pl FAM-labelled probe/primer mix for individual
targets, 5 pl Fast Start 4x probe master mix (Ba04646249_s1,
Thermo-Fisher Scientific, USA), 1.5 pl template DNA and
nuclease-free water. The runs included non-template control
reactions. Amplification was performed under the following
conditions: 1 cycle at 95 °C for 30 seconds followed by 45 cycles
of denaturation at 95 °C for 3 seconds and annealing at 60 °C for
30 seconds. Detection of fluorescent products were performed
at the end of the annealing period. The raw fluorescent data was
automatically generated by the QuantStudio™ 5 real-time PCR
system software.

C. trachomatis genotyping

Molecular genotyping of C. trachomatis-positive samples was
performed by an ompl gene semi-nested PCR followed by
restriction fragment length polymorphism (RFLP) analysis. The
first product of 1033 bp was amplified using the following paired
primers: forward (SEROTA) (5'-ATGAAAAAACTCTGAAATCGG-3')
and reverse (SERO2A) (5'-TTTCTAGATCTTCATTCTTGTT-3). The
reaction was performed in a final volume of 50 pl containing
16 pylof nuclease-free PCRwater, 25 pl of the DreamTaq PCR Master
Mix (Thermo-Fisher Scientific, USA), 2 ul of each primer and 5 pl
template DNA. PCR was performed with the following cycling
conditions: initial denaturation 94 °C for 7 minutes, followed by
40 cycles of denaturation at 95 °C for 1 minute, annealing at 45 °C
for 3 minutes and extension at 72 °C for 3 minutes. An additional
7-minute extension at 72 °C was performed at the end of the 40
cycles.

Following the first round PCR, 1 pl of the first-round PCR product
was used for the semi-nested PCR, amplifying a 978 bp fragment.
The second PCR round was performed with the same reagents
and conditions as the first round and with the following primers:
reverse primer (SERO2A) from the first round and PCTM3
(5'-TCCTTGCAAGCTCTGCCTGTGGGGAATCCT-3'). After the PCR
step, the amplified product was digested with Alul, Ddel and Hinfl
restriction enzymes and visualised after electrophoresis on a 2%
agarose gel. C. trachomatis serovar identification was made by
analysis of the specific restriction pattern.

Statistical data analysis

Prevalence was calculated using the following equation:
Prevalence = number of cases/population size. Associations
between categorical variables was assessed using chi-square
tests. All statistical analyses were conducted using RStudio,
version 3.6.3. All p-values were considered significant at < 0.05.

JMLSTSA 2023;5(1) The page number in the footer is not for bibliographic referencing



Genotyping of Chlamydia trachomatis from vaginal swabs by restriction analysis of the outer membrane protein gene

Results

Detection of C. trachomatis from DNA extracted from
vaginal swabs

The actin-recruiting phosphoprotein of C. trachomatis was
detected in 47/385 swab samples using the Applied Biosystems™
TagMan® Assays. The prevalence of C. trachomatis in the study
population was 12.2%. All negative no-template controls did not
produce any amplification.

Characteristics of participants infected with C.
trachomatis

The socio-demographic, behavioural and clinical characteristics
of the participants who tested positive for C. trachomatis
infection are shown in Table I.

The median age of the participants who tested positive for C.
trachomatis was 26 years old. Of the participants who tested
positive for C. trachomatis, 89.4% had a secondary educational
level while 8.5% attended university (p < 0.001). There was
also a significant association between employment status
and C. trachomatis infection. The majority of participants who
tested positive were unemployed (85.1%) compared to being
employed (14.9%). Nearly all participants who tested positive
for C. trachomatis were unmarried (97.9%) compared to being
married (2.1%) (p < 0.001).

Approximately 90% of the participants who tested positive had
a regular sex partner, compared to 10.6% who did not have a
regular sex partner (p < 0.001). Of the 47 positive participants,
there was a significant association between having a circumcised
partner and C. trachomatis infection (p < 0.001). Most participants
who tested positive had partners who were circumcised (80.9%)
compared to participants who had uncircumcised partners
(19.1%).

Of the participants who tested positive, 72.3% were not living
with their partners, while 27.7% lived with their partners
(p = 0.002). There was a significant association between lifetime
sex partners and testing positive for C. trachomatis (p = 0.006).
Of the participants who tested positive, 55.3% reported having
had 2-4 lifetime sex partners, while 23.4% reported having had
only one lifetime sex partner. Age of first sex was significantly
associated with testing positive for C. trachomatis infection
(p < 0.007). The majority of the positive participants (76.6%)
had their first sexual intercourse around 15-20 years of age
compared to participants who had their first sexual intercourse
over 21 years of age (12.8%).

From the 47 participants, 55.3% did not know whether their
partner had other partners, while 21.3% knew that their partner
had other partners. There was a significant association between
not knowing if their partner had other partners and testing
positive for C. trachomatis (p = 0.006). There was also a significant
association between not using a condom during sex and testing
positive for C. trachomatis (p = 0.006). Of the participants who
tested positive, only 29.8% had used a condom during their last
sexual activity and 70.2% did not. Among participants who tested

Table I: Socio-demographic, behavioural and clinical characteristics of
participants who tested positive for C. trachomatis (n = 47)

Variable Response n (%) p-value
Age Median (IQR) 26.0 (10.5) 0.011
Educational level Primary school 1(2.1) <0.001
and below
High school 42 (89.4)
College, University 4 (8.5)
Employed No 40 (85.1) < 0.001
Yes 7(14.9)
Married No 46 (97.9) < 0.001
Yes 1(2.1)
Regular sex partner No 5(10.6) <0.001
Yes 42 (89.4)
HIV status of partner(s) Negative 21(44.7) 0.144
Positive 16 (34)
Does not know 10(21.3)
Cohabiting No 34 (72.3) 0.002
Yes 13(27.7)
Age of first sex <15yrs 5(10.6) < 0.001
15-20yrs 36 (76.6)
>21yrs 6(12.8)
Lifetime sex partners 1 11(23.4) 0.006
2-4 26 (55.3)
>4 10(21.3)
Partner has other No 11(23.4) 0.006
partners Yes 10(21.3)
Does not know 26 (55.3)
Condom used during No 33(70.2) 0.006
LElpe Yes 14.(29.8)
Partner circumcised No 9(19.1) <0.001
Yes 38(80.9)
Partner STI symptoms No 38(80.9) < 0.001
Yes 9(19.1)
Previously treated for No 38(80.9) < 0.001
>Tis Yes 9(19.1)
Current symptoms of No 31 (66.0) 0.029
>Tls Yes 16 (34.0)
Intravaginal practices No 45 (95.7) <0.001
Yes 2(4.3)
Perceived risk of No 15 (31.9) 0.013
getting STIs s 32(68.1)

HIV - human immunodeficiency virus, IQR - interquartile range

positive for C. trachomatis, 80.9% reported that their partners
did not have symptoms of STIs, while 19.1% had partners with
STl symptoms. There was a significant association between the
participants’ partners having STl symptoms and testing positive
for C. trachomatis (p < 0.001).

Previous STI treatment was significantly associated with C.
trachomatis infection. A high proportion of the participants
who tested positive (80.9%) had not previously been treated
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Figure 1: 1.5% agarose gel showing 17 positive amplicons generated for the outer omp1 gene

The expected fragment size of 1033 bp was observed. M - 100 bp DNA molecular ladder showing 500 bp, 1000 bp and 1500 bp (Thermo-Fisher Scientific, USA), NC -
negative control (no template DNA added) and a subset of 18 out of the 47 ampilified clinical samples. A product size of 1033 bp of the outer omp1 gene was only present in

43 out of 47 samples tested.

M
T

CT3
CT4
CT5
CT6
CT7
CT8
CT10
CT11

100 bp

CTI12

CT13
CTIL4
CT15
CTI16
CT17
CT18
CTI1®
CT21
T

Figure 2: Alul RFLP pattern of the digested omp1 gene amplicon resolved on a 2% agarose gel

M - 100 bp DNA molecular ladder showing 100 bp, 500 bp, 1000 bp and 1500 bp (Thermo-Fisher Scientific, USA) and banding profiles for a subset of 19 out of the 43 clinical samples that generated
positive amplicons. Size fragments of 207 bp and 256 bp were observed for sample CT22. Sample CT21 was the only positive amplicon that showed no restriction banding profile for Alul.

for STIs, while 19.1% of the participants had previously been
treated for STIs (p < 0.001). Only 34% of the participants showed
current symptoms of STIs (abnormal vaginal discharge), while
66% did not show current symptoms of STIs (p = 0.029). Of the
47 participants who tested positive, 95.7% did not engage in
intravaginal practices, while 4.3% engaged in such practices
(p < 0.001). There was a significant association between
participants having a perceived risk of acquiring STls and testing
positive for C. trachomatis (p = 0.013).

Amplification of the outer omp1 gene of C. trachomatis

Of the 47 C. trachomatis-positive samples, 43 had produced
positive amplicons for the omp1 gene. The expected fragment
size of 1033 bp was observed by agarose gel electrophoresis
in the 43 positive samples (Figure 1, Supplementary Figure 1,
Supplementary Figure 2, Supplementary Figure 3).

Genotyping analysis
Alul profile

Atotal of 42 samples produced banding patterns for Alul. Multiple
bands were observed for this digest which had previously not

been published. Five different serovars were detected with
the Alul enzyme, the serovars identified were serovars D, E,
F, G and I. Band sizes of 207 bp and 256 bp were observed for
sample C. trachomatis (CT)22 and this pattern showed the
presence of serovar F (Figure 2, Table Il, Supplementary Figure 4,
Supplementary Figure 5).

Ddel profile

A total of 42 samples produced banding patterns for Ddel.
Different banding patterns were observed across the samples
(Figure 3, Supplementary Figure 6, Supplementary Figure 7),
indicating banding patterns for a subset of 17 out of 43 clinical
samples that generated positive amplicons. Serovar | was
detected using the Ddel enzyme. The expected band sizes for
serovar | included: 110 bp, 183 bp, 285 bp and 323 bp (Table II,
CT2 and CT17).

Hinfl profile

A total of 42 samples produced banding patterns for Hinfl.
Different banding patterns were observed across the samples
(Figure 4, Supplementary Figure 8, Supplementary Figure 9),

JMLSTSA 2023;5(1) The page number in the footer is not for bibliographic referencing



Genotyping of Chlamydia trachomatis from vaginal swabs by restriction analysis of the outer membrane protein gene

CT30

CT3l

CTaz
CT33
CT34
CTas
CT36
CT3a7

e
-

CTas

CT39
CT40
CT42
CT43
CT44
CT45
CT46
CT47

Figure 3: Ddel RFLP pattern of the digested omp1 gene amplicon resolved on a 2% agarose gel

M - 100 bp DNA molecular ladder showing 100 bp, 500 bp, 1000 bp and 1500 bp (Thermo-Fisher Scientific, USA) and banding profiles for a subset of 17 out of 43 clinical
samples that generated positive amplicons. Size fragments of 86 bp, 100 bp and 250 bp were observed for sample CT47. Sample CT21 was the only positive amplicon that

showed no restriction banding profile for Ddel.
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Figure 4: Hinfl RFLP pattern of the digested omp1 gene amplicon resolved on a 2% agarose gel

M - 100 bp DNA molecular ladder showing 100 bp, 500 bp, 1000 bp and 1500 bp (Thermo-Fisher Scientific, USA) and banding profiles for a subset of 19 out of the 43 clinical samples that generated
positive amplicons. Size fragments of 86 bp, 195 bp and 500 bp were observed for sample CT22. Sample CT21 was the only positive amplicon that showed no restriction banding profile for Hinfl.

indicating banding patterns for a subset of 19 out of the 43
clinical samples that generated positive amplicons. Serovar J
was not detected with the Hinfl enzyme. The expected band size
for serovar J included: 540 bp; however, this band size was not
detected throughout the Hinf profile.

Frequency of serovars

Table Il describes the different serovars obtained due to
combining the banding patterns across the three enzyme
profiles. All the band sizes in red indicate the published band
sizes used to determine the specific serovar for each sample with
a positive amplicon; the band sizes in black indicate additional
bands that were observed. A total of 42 out of 43 samples were
assigned serovars. The prevalence of the individual serovars were
as follows: serovar E (20/43) - 46.5%, followed by serovar F (9/43)
- 20.9%, serovar G (6/43) — 14%, serovar D (5/43) — 11.6%, and
serovar | (2/43) - 4.7%. Sample CT21 did not produce any bands

during digestion; therefore, the serovar was not identified and
not included in the analysis.

Distribution of serovars in relation to clinical factors

The serovars linked to clinical factors of the participants are
showed in Table Ill.

Of the five participants who carried serovar D, 100% (5/5)
reported not having abnormal vaginal discharge, and 20% (1/5)
reported past treatment of STlIs, while 80% (4/5) did not report
past treatment of STls. Of the 20 participants who carried serovar
E, 20% (4/20) reported having abnormal vaginal discharge, while
80% (16/20) reported not having abnormal vaginal discharge.
Also, 20% (4/20) reported past treatment of STls and 80% (16/20)
did not report past treatment of STIs. Of the nine participants who
carried serovar F, 11.1% (1/9) reported having abnormal vaginal
discharge, while 88.9% (8/9) reported not having abnormal
vaginal discharge. Also, 22.2% (2/9) reported past treatment of
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Table II: Fragment sizes obtained after digestion of the omp1 gene with the restriction enzymes Alul, Ddel, Hinfl as well as the assignment of the
C. trachomatis serovars based on combining the patterns across the three enzyme profiles (expected band sizes are shown in red according to
previous publications)

Sample name Alul fragment sizes (bp) Ddel fragment sizes (bp) Hinfl fragment sizes (bp) Serovar
CT2 225,302, 400, 458, 550 86, 183, 285,323 195, 225, 450, 495, 675 1
CT3 95,225,486 86, 225, 250, 300, 350, 486, 800 86, 200, 250, 295, 475 E
CT4 96, 125, 195, 225, 486, 550 86, 225, 250, 300, 350, 400, 800 86, 225, 295, 675 D
CT5 95,225,241, 486, 550 86, 225, 250, 300, 350, 486, 800 195, 250, 275, 450, 895 E
CTé6 95,132, 225, 486, 550 86, 225, 250, 295, 400, 695, 700 86, 200, 850 E
cT7 102, 225, 486, 550 96, 225, 300, 486, 800 86, 200, 250, 295, 475 E
CT8 95,132, 225, 486, 550 86, 150, 225, 300, 400, 600 86, 195, 275, 695, 875 E
CT10 95,132, 225,300, 486, 550 86, 295, 450, 650 86, 195, 275, 695, 875 E
CT11 95,132,225, 486, 575, 700 86, 200, 275, 300, 400, 650 86, 200, 700, 800 E
CT12 102, 225, 486, 575 86, 200, 295, 425, 650 86, 200, 800 E
CT13 95,225,486, 575 86,450, 700 86, 195, 800 E
CT14 95,225,300, 486, 575 86, 250, 395, 450, 800 500, 600 E
CT15 95, 241,486, 575 86, 275, 395, 500, 750 195, 250, 275, 450 E
CT16 102, 225,486,575 86, 150, 250, 275, 400, 695 86, 200, 875 E
CT17 225,458,575 96, 250, 285, 486, 695 86, 200, 875 1
CT18 256,321,486,575 96, 150, 195, 225, 300, 400 86, 195, 275, 675, 850 F
CT19 256,486, 575 96, 150, 225, 300, 486, 900 195, 250, 275, 450 F
CT22 207,256,486, 575 195, 200, 225, 275, 300, 395, 495, 600, 86, 195, 500, 600 F
700, 900
CT23 195, 225, 486, 575 125, 195, 200, 425, 650 86, 195, 850 D
CT24 95,225,486, 575 86, 125, 207,430, 675 86, 195, 850 E
CT 25 80, 256, 486, 575, 800 86, 295, 450, 700 100, 195, 200, 250, 450, 600, 850 F
CT 26 132,225,400, 486, 575 100, 250, 400 150, 200, 850 E
CT 27 225,241,486, 575 86, 200, 250, 300 96, 200, 495, 550, 800 D
CT28 80,195, 207, 375, 486, 575 86, 125, 195, 250, 400 96, 195, 200, 850 G
CT29 95,225 86, 100, 195, 207, 295, 486 86, 195, 200, 250, 400, 900 E
CT 30 80, 150, 207, 486, 575 86, 200, 225, 400 200, 895 F
CT 31 80, 150, 195, 207, 225, 486, 575, 86, 200, 275, 486, 750 86, 195, 200, 250, 400, 500, 595, G
750 650, 850
CT32 132, 225,486,575,750 295, 486, 750 86, 195, 200, 250, 450, 650, 900 E
CT33 95,225, 486, 550, 750 86, 295, 486, 750 86, 195, 200, 250, 450, 900 E
CT34 80, 207, 225, 256, 486, 550 86, 225, 300, 400 86, 200, 275, 650, 900 F
CT 35 80, 256, 486, 575 86, 175, 300, 450 86, 500, 600 F
CT 36 80,101, 175, 207, 225, 256, 400, 86, 175, 200, 250, 300 90, 200, 400, 500, 600 F
486, 550
CT37 95,225, 486, 550, 700 86, 450, 695 96, 200, 895 E
CT38 95,225,486, 550 86, 195, 295, 395 200, 250, 650 E
CT 39 80, 125, 175, 207, 225, 256, 486, 195, 200, 225, 300, 750 195, 500, 600 F
575
CT 40 80,125, 195, 207, 225, 486, 550, 86, 295, 450, 750 200, 225, 250, 450, 750 G
700
CT 42 80, 125, 195, 207, 225, 486, 550 86, 100, 200, 295, 450, 750 96, 195, 200, 250, 450 G
CT43 86, 195, 225, 486, 550, 700 86, 100, 200, 295, 350 200, 250, 450, 650 D
CT 44 95,102, 195, 225 86, 195, 200, 225, 325 96, 225, 500, 600 E
CT 45 80, 195, 207, 550 86, 125, 195, 200, 295, 400 96, 195, 200, 500, 600 G
CT 46 80, 107, 195, 225, 400, 486, 575 86, 100, 200, 425, 650 96, 200, 895 G
CT47 86, 195, 225, 400, 486 86, 100, 200, 250 96, 200, 225, 250, 450 D

bp - base pairs, CT - Chlamydia trachomatis
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Table ll1: Serovars linked to clinical factors of infection

Clinical factors Serovars

D F G |
Current abnormal vaginal discharge 0% 20% 11.1% 0% 50%
No 5/5 16/20 8/9 6/6 Y2
Yes 0/5 4/20 1/9 0/6 2
Past treatment of STIs 20% 20% 22.2% 16.7% 0%
No 4/5 16/20 7/9 5/6 2/2
Yes 1/5 4/20 2/9 1/6 0/2

STls and 77.8% (7/9) did not report past treatment of STls. Of the
six participants who carried serovar G, 100% (6/6) reported not
having abnormal vaginal discharge, and 16.7% (1/6) reported
past treatment of STIs and 83.3% (5/6) did not report past
treatment of STls. Of the two participants who carried serovar
I, 50% (1/2) reported having abnormal vaginal discharge, while
50% (1/2) reported not having abnormal vaginal discharge, and
100% (2/2) did not report past treatment of STls.

Discussion

C. trachomatis infection is one of the most prevalent curable
STIs worldwide. However, if left untreated, this Gram-negative
intracellular bacterium can cause pathology in the reproductive
system. This pathogen affects (uro)genital epithelial cells,
escaping the host immune system and causing cervicitis, pelvic
inflammatory illness and tubal factor infertility.'® C. trachomatis
infections of the genitourinary tract are a leading source of
morbidity in sexually active people,' and women bear most
of the disease’s burden.’? The infection increases the chance
of negative pregnancy outcomes such as premature delivery,
low birth weight and postpartum sepsis. In SSA, almost 5.1
million (2.6%) women were infected with C. trachomatis in
2012."* However, in 60-80% of patients, C. trachomatis infection
does not manifest and remains asymptomatic.'* C. trachomatis
infections in pregnant women globally have only been explored
in a few studies. Nonetheless, infection rates have been observed
to range from 6.1-16.8%, with some cases reaching as high as
23-37%."56 In this study, the prevalence rate of C. trachomatis in
pregnant women was 12.2% which is similar to the prevalence
rate of 12.5% among a study population in Tanzania."”

This study also correlates with individual studies of pregnant
women in SSA (Sudan, Cameroon, Democratic Republic of Congo,
Gabon, Nigeria, Kenya, Uganda, Malawi, Zambia, Botswana,
Mozambique and South Africa) which suggests prevalence rates
of 0-31.1%.'%'838 Pooled prevalence rates in east and southern
Africa are 6.9% and 6.1%, respectively.'®'838 |n a study conducted
using urine samples, the prevalence rate was higher than in the
present study, with 15% of the study population infected with
C. trachomatis.*® In Brazilian studies, the rates of C. trachomatis
infection in urine samples from pregnant women ranges from
6.9-18%.%0 Other countries report prevalence rates of 6.4-
18.1%.#" The current study showed a higher prevalence rate
compared to studies conducted among pregnant women from
regions such as Iran (8.74%)," China (10.1%)*? and Saudi Arabia
(10.5%).#* However, the prevalence rate reported in the current

study is lower than a study conducted in India, which indicated
that 35% of women were infected with C. trachomatis.**

Regarding the characteristics of infected women, this study had
shown that the median age of infected pregnant women was
26 years of age. Therefore, this infection is far more common
in young sexually active women.*> Similar studies have shown
that C. trachomatis infection was found predominantly in
pregnant women around 25 years of age.*“® Another study
indicated that the average age of infected women was 24 years
old, showing that young women are at higher risk of acquiring
this infection.* Education has been considered a protective
factor against engagement in high-risk sexual behaviour and
STl diagnosis.>® Studies have shown that the highest rates of C.
trachomatis infection are found in developing countries, among
the poorer, unemployed and uneducated women.#-495152 This
finding is consistent with the current study as there was a
significant association between women who tested positive
for C. trachomatis and having low levels of education and being
unemployed. Other studies have shown that the prevalence of
infection tends to be higher in single women and in those with
multiple partners.“4853 This is similar to the current study as
there was a significant association between being married and
testing positive for infection. Chlamydial infection is a major
burden in Africa,>* because of the asymptomatic nature of the
infection. The current study also showed a significant association
between being asymptomatic and testing positive for infection.

The prevalence of C. trachomatis serovars has been determined
for several countries; however, little data is available for South
Africa. Genotyping approaches, using the omp1 gene, are more
precise than previous techniques such as immunotyping,* which
has many limitations in determining C. trachomatis variations
within serovars.>> Serovars D to K are chiefly responsible for
urogenital infections.’® Currently, the PCR-RFLP technique
based on the omp1 gene amplification provides a sensitive and
reliable method for typing of C. trachomatis isolates.?® In this
study, five different serovars of C. trachomatis were identified
by PCR-RFLP of the omp1 gene. The clinical samples could have
been discriminated by restriction endonuclease digestion with
Alul alone. However, digestion with Ddel and Hinfl were also
performed to further aid in discriminating among C. trachomatis
serovars in this study. The most frequent serovar in the study
population was serovar E (46.5%), followed by serovar F (20.9%),
serovar G (14%), serovar D (11.6%) and serovar | (4.7%).
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The current study correlates with other European and American
studies conducted among pregnantwomen, which show serovars
E and F as the predominant urogenital serovars, accounting for
up to 60-70% of cases.’”%* These serovars have been reported to
be the globally dominant strains.>>%°64 In Taiwan, the top three
serovars among pregnant women were E, D and F. Similar results
were found in Japan and Korea. In Thailand, serovar F (25-60%)
was the most prevalent serovar among pregnant women,
followed by E (9-20%) and D (7-23%).%° A study conducted
among pregnant Japanese women reported the most prevalent
serovars to be D (30%), F (12.5%) and E (7.5%).°” In a previous
study of C. trachomatis in Mexico, serovar F was the most frequent
(54.2%), followed by serovars E, G and K (8.7% each). Serovars
D and | were detected at a frequency of 4.2% each.’ In a study
conducted in India, serovar D (48%) was found to be the most
prevalent serovar, followed by serovars E (34%), F (12%) and |
(6%) from urogenital samples.” Similar to the study conducted
in India,” the current study did not identify serovars H, J and K
of C. trachomatis in pregnant women which have been reported
by studies conducted in other countries.>¢65¢ This indicates that
different serovar frequencies among pregnant women are found
in different study populations in different geographical regions.

In the present study, the majority of women who harboured
serovar D (100%), E (80%), F (88.9%), G (100%) and | (50%) did
not report having abnormal vaginal discharge. Therefore, they
were characterised as being asymptomatic. The study correlates
with other studies conducted both in South Africa and across the
globe which shows that the true number of new C. trachomatis
infections is likely to be substantially greater since many
infections are asymptomatic and go unnoticed.?? It is possible
that the genetic differences in the pathogen may contribute to
the clinical manifestations associated with it. However, this will
need to be confirmed by further investigations. In the current
study, 20% of the women who carried serovar E reported
experiencing abnormal vaginal discharge. This is similar to
another study suggesting that serovar E is mostly associated
with abnormal vaginal discharge which is green in colour.?’ In
another study, it was observed that C. trachomatis serovar F has
also been associated with reduced mucopurulent endocervical
discharge.®®

Serovars D, E, F, G and | were present in small proportions of
women who were treated for STls in the past. Therefore, the
majority of women positive for C. trachomatis were not treated
for STls in the past. Individuals with C. trachomatis should be
treated to avoid damaging effects on their reproductive system
and ongoing sexual transmission.®® Additionally, treating their
sex partners helps prevent reinfection and infection of other
partners. Treating pregnant women reduces C. trachomatis
from being transmitted to newborns at birth. All individuals
with chlamydial infection should receive treatment as soon as
possible since treatment delays among women have been linked
to problems such as pelvic inflammatory disease.>> Most studies
investigating the association between C. trachomatis serovars
and clinical factors of infection show contradictory results. This
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can be explained by geographical variations and differences in
study size and population composition.>>6°

Study limitations

In this study, the omp1 gene was not shown to be present in
all the swab samples which tested C. trachomatis positive by
the TagMan® Assays. Other C. trachomatis genotyping studies
which have been based on the omp1 gene were conducted on
pure isolates rather than the primary vaginal swab samples. The
use of the primary sample to infer serovars may not be the most
appropriate method as evidenced by the lack of amplification of
certain samples. An alternate method which may be more useful
for investigating the genetic variation in C. trachomatis from
non-cultured vaginal swabs would be the next generation-multi
locus sequence typing (NG-MLST) technique. However, due to
budget constraints, the NG-MLST method was not used in the
present study. Despite these limitations, this study was able to
provide data on the serovars of C. trachomatis that is circulating
in our setting, a previously under-researched area.

Conclusion

This study showed that genotyping could be achieved from
uncultured vaginal swabs. The observed diversity of serovars and
the different clinical factors reported within specific populations
can be challenging for future vaccine design and development
for Chlamydia. However, many of the South African serovars
detected correlated with serovars found in studies conducted
worldwide.This holds some promise that there may be conserved
C. trachomatis strains from different geographical regions and
could lend some hope for future vaccine design and diagnostic
studies focused on the entire C. trachomatis population. Future
studies emanating from this study would be to investigate the
association of the serovars with patterns of drug susceptibility
in this pathogen. In addition, it would be useful to compare
the distribution of the serovars in pregnant and non-pregnant
populations as well as to further investigate the serovars in
connection with the presence or absence of clinical symptoms,
possibly by investigation of virulence genes in these specific
serovars.
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Supplementary Figure 1: 1.5% agarose gel showing 16 positive amplicons generated for the outer omp1 gene

The expected fragment size of 1033 bp was observed. M - 100 bp DNA molecular ladder showing 500 bp, 1000 bp and 1500 bp (Thermo-Fisher Scientific, USA), NC -
negative control (no template DNA added) and a subset of 18 out of the 47 ampilified clinical samples. A product size of 1033 bp of the outer omp1 gene was only present in
43 out of 47 samples tested.

F 3 % 35 5

(O ] [ T T

= i v ? 3 ¥

2 &8 A b I = s 7w v =] oo
- = - e - =
= £ (I S T L= %]

1500 bp
1000 b k
1500 bp |4 1033 bp
1033 b
1000 bp " 500 bp
500 bp
Supplementary Figure 2: 1% agarose gel showing five positive Supplementary Figure 3: 1% agarose gel showing five positive
amplicons generated for the outer omp1 gene amplicons generated for the outer omp1 gene
The expected fragment size of 1033 bp was observed. M - 100 bp DNA molecular The expected fragment size of 1033 bp was observed. M - 100 bp DNA molecular
ladder showing 500 bp, 1000 bp and 1500 bp (Thermo-Fisher Scientific, USA), ladder showing 500 bp, 1000 bp and 1500 bp (Thermo-Fisher Scientific, USA),
NC - negative control (no template DNA added) and a subset of 6 out of the 47 NC - negative control (no template DNA added) and a subset of 5 out of the 47
amplified clinical samples. A product size of 1033 bp of the outer omp1 gene was amplified clinical samples. A product size of 1033 bp of the outer omp1 gene was
only present in 43 out of 47 samples tested. only present in 43 out of 47 samples tested.
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Supplementary Figure 4: Alul RFLP pattern of the digested omp1 gene amplicon resolved on a 1.5% agarose gel

M - 100 bp DNA molecular ladder showing 100 bp, 500 bp, 1000 bp and 1500 bp (Thermo-Fisher Scientific, USA) and banding profiles for a subset of 7 out of the 43 clinical
samples that generated positive amplicons. Size fragments of 95 bp and 225 bp were observed for sample CT29. Sample CT21 was the only positive amplicon that showed
no restriction banding profile for Alul.
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Supplementary Figure 5: Alul RFLP pattern of the digested omp1 gene amplicon resolved on a 2% agarose gel

M - 100 bp DNA molecular ladder showing 100 bp, 500 bp, 1000 bp and 1500 bp (Thermo-Fisher Scientific, USA) and banding profiles for a subset of 17 out of the 43 clinical samples that generated
positive amplicons. Size fragments of 195 bp and 225 bp were observed for sample CT47. Sample CT21 was the only positive amplicon that showed no restriction banding profile for Alul.
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Supplementary Figure 6: Ddel RFLP pattern of the digested omp1 gene amplicon resolved on a 2% agarose gel

M - 100 bp DNA molecular ladder showing 100 bp, 500 bp, 1000 bp and 1500 bp (Thermo-Fisher Scientific, USA) and banding profiles for a subset of 19 out of 43 clinical samples that generated positive
amplicons. Size fragments of 200 bp, 300 bp, 495 bp and 900 bp were observed for sample CT22. Sample CT21 was the only positive amplicon that showed no restriction banding profile for Ddel.
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Supplementary Figure 8: Hinfl RFLP pattern of the digested omp1 gene
Supplementary Figure 7: Ddel RFLP pattern of the digested omp1 gene amplicon resolved on a 1.5% agarose gel
amplicon resolved on a 1.5% agarose gel M - 100 bp DNA molecular ladder showing 100 bp, 500 bp, 1000 bp and 1500 bp
M = 100 bp DNA molecular ladder showing 100 bp, 500 bp, 1000 bp and 1500 bp (Thermo-Fisher Scientific, USA) and banding profiles for a subset of 7 out of the
(Thermo-Fisher Scientific, USA) and banding profile’:s fora s’ubset of 7 out of 43 43 clinical samples that generated positive amplicons. Size fragments of 200 bp,
clinical samples that generated positive amplicons. Size fragments of 86 bp, 100 400.b'p and 9(,)0 bp were observed for s,'am'ple CT29.' Samplg Cr21 was the only
bp, 207 bp, 295 bp and 486 bp were observed for sample CT29. Sample CT21 was positive amplicon that showed no restriction banding profile for Hinfl.

the only positive amplicon that showed no restriction banding profile for Ddel.
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Supplementary Figure 9: Hinfl RFLP pattern of the digested omp1 gene amplicon resolved on a 2% agarose gel

M - 100 bp DNA molecular ladder showing 100 bp, 500 bp, 1000 bp and 1500 bp (Thermo-Fisher Scientific, USA) and banding profiles for a subset of 17 out of the 43
clinical samples that generated positive amplicons. Size fragments of 96 bp, 200 bp, 250 bp and 450 bp were observed for sample CT47. Sample CT21 was the only positive
amplicon that showed no restriction banding profile for Hinfl.
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