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PREFACE 

One of the main sexually transmitted infections (STIs) amongst pregnant women is caused by the 

bacterial species Chlamydia trachomatis (C. trachomatis). Serovars D-K are responsible for this 

infection amongst pregnant women. The different serovars amongst pregnant South African 

women, are hindered by the paucity of epidemiological research of C. trachomatis infections in 

this population. The detection of C. trachomatis variations within serovars is made easier and 

more accurate by genotyping techniques targeting the outer membrane protein gene (omp1) of 

this pathogen. The current study was conducted to identify circulating serovars of C. trachomatis 

by restriction analysis of the omp1 and to link clinical factors to serovars in a South African 

population of pregnant women. This study provided a backbone to future research on the serovars 

and prevalence of C. trachomatis in our local setting. The experimental work described in this 

dissertation was conducted at the Nelson R. Mandela School of Medicine, University of 

KwaZulu-Natal (UKZN), Durban, South Africa. All work was conducted under the supervision 

of Professor Nathlee Abbai and co-supervised by Doctor Nonkululeko Gladness Mabaso. 
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ABSTRACT 

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. Untreated C. trachomatis infection in pregnant women has 

been linked to miscarriage, low birth weight babies, premature rupture of membranes, postpartum 

endometritis, and transmission to the new-born babies. Currently, there is limited data and 

analyses on the serovars of C. trachomatis circulating in South African pregnant women. In this 

study, the prevalence of C. trachomatis infection was determined, and the polymerase chain 

reaction-restriction fragment length polymorphism (PCR-RFLP) of the outer membrane protein 

gene (omp1) was performed in order to identify the different serovars circulating in the population 

of pregnant women.  

Methods 

In this study, 385 vaginal swab samples were analysed for the presence of C. trachomatis. The 

swabs were collected from human immunodeficiency virus (HIV)-positive pregnant women at 

the King Edward VIII hospital in Durban, South Africa. Chlamydia trachomatis was detected 

using commercial primers and probes (TaqMan Assay, assay ID Ba04646249_s1) which targets 

the gene encoding the translocated actin-recruiting phosphoprotein of C. trachomatis. Genotyping 

of C. trachomatis positive samples was performed by an omp1 semi-nested polymerase chain 

reaction (PCR) assay followed by restriction fragment length polymorphism (RFLP) analysis. 

The omp1 from C. trachomatis was amplified with gene-specific primers in the first round PCR 

to yield a 1033 base pair (bp) fragment. Following the first round PCR, 1 μL of the first-round 

PCR product was used for the semi-nested PCR, amplifying a 978 bp fragment. The 978 bp omp1 

amplicons were digested with AluI, DdeI and HinfI, and the banding patterns were compared 

across the three digests for assignment of serovars. Associations between categorical variables 

was assessed using chi square (𝑥2) tests. All statistical analysis was conducted using RStudio, 

version 3.6.3. All p-values were considered significant at < 0.05. 

Results  

The actin-recruiting phosphoprotein of C. trachomatis was detected in 47/385 swab samples using 

the TaqMan Assay. The prevalence of C. trachomatis in the study population was 12.2%. All 

negative no-template controls did not produce any amplification. Factors associated with testing 

positive for C. trachomatis included, having a low level of education, being unemployed, being 

unmarried, not cohabitating with sex partner, early age of first sex, high number of lifetime sex 
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partners, partner having other partners, lack of condom use, lacking symptoms of STIs, lacking 

treatment for STIs and women having a perceived risk of getting STIs. Serovar E (20/43) - 46.5% 

was the most frequent serovar in our study population, followed by serovar F (9/43) - 20.9%, G 

(6/43) - 14.0%, D (5/43) - 11.6%, and the least frequent serovar I (2/43) - 4.7% which was detected 

in two samples. From the five women that carried serovar D, 20.0% (1/5) reported past treatment 

of STIs. From the 20 women that carried serovar E, 20.0% (4/20) reported having abnormal 

vaginal discharge. Of the women with serovar E, 20.0% (4/20) reported past treatment of STIs. 

From the nine women that carried serovar F, 11.1% (1/9) reported having abnormal vaginal 

discharge and 22.2% (2/9) reported past treatment of STIs. From the six women that carried 

serovar G, 16.7% (1/6) reported past treatment of STIs. From the two women that carried serovar 

I, 50.0% (1/2) reported having abnormal vaginal discharge. 

Conclusion 

This study detected an overall 12.2% prevalence rate for C. trachomatis in the pregnant women. 

The identification of factors associated with infection provided evidence on the importance of 

antenatal clinics to screen women during their routine check-ups for vaginal infections and 

provide continuous risk reduction counselling to this vulnerable population. Five different 

serovars were observed in the studied population with serovars E and F being the most prevalent. 

The observed diversity of serovars 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 throughout the world. This 

suggests the possibility of conserved C. trachomatis strains from various geographical areas, 

which may offer some hope for future vaccine development and diagnostic research aimed at the 

entire C. trachomatis population. 

 

 

Keywords: Chlamydia trachomatis, sexually transmitted infections, pregnant women, serovar, 

South Africa
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CHAPTER 1 

1.1 Dissertation Overview  

 

1.1.1 Dissertation structure 

This dissertation is structured according to the guidelines stipulated by the College of Health 

Sciences at the University of KwaZulu-Natal for the dissertation by manuscript format. Each 

manuscript is formatted according to the journal guidelines to which they were submitted. The 

dissertation is guided by the following chapters:  

 

Chapter 1: This chapter comprises an introduction to the study, and it describes the problem 

statement, research questions, rationale, aim, objectives, and hypothesis of the study. 

 

Chapter 2: This chapter is a review of the literature on C. trachomatis. The literature review 

titled “Mini Review: The impact of Chlamydia trachomatis infection on pregnancy and 

neonatal outcomes” is presented in the format of a manuscript that was accepted by the Journal 

of Medical Laboratory Science & Technology of South Africa. This manuscript is authored by 

Caitlin Ramnarain, Rowen Govender, Nonkululeko Mabaso & Nathlee Abbai.  

Submission URL: 

https://jmlstsa.smltsa.org.za/index.php/JMLSTSA/authorDashboard/submission/135 

 

Chapter 3: This chapter is entitled: “Genotyping of Chlamydia trachomatis from vaginal 

swabs by restriction analysis of the outer membrane protein gene”. This manuscript was 

accepted by the Journal of Medical Laboratory Science & Technology of South Africa. The 

manuscript is authored by Caitlin Ramnarain, Nonkululeko Mabaso, Bongekile Ngobese & 

Nathlee Abbai. This article details the prevalence of C. trachomatis infection among pregnant 

women from Durban, South Africa as well as the serovars and clinical factors associated with the 

infection. 

Submission URL: 

https://jmlstsa.smltsa.org.za/index.php/JMLSTSA/authorDashboard/submission/130 
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Chapter 4: In this final chapter the relevant findings of the project in context with literature are 

discussed. The limitations and strengths are discussed and the conclusions emanating from this 

study are also presented. 

1.1.2 Study design and Methodology  

Briefly, this was a cross-sectional study which included 385 HIV-positive pregnant women 

recruited from the antenatal clinic (ANC) at the King Edward VIII hospital in Durban, South 

Africa. Enrolled women provided socio-demographic, behavioural, clinical data, and self-

collected vaginal swabs for the detection of vaginal infections. Deoxyribonucleic acid (DNA) was 

extracted from the vaginal swabs using the PureLink™ Microbiome Purification Kit (Thermo-

Fisher Scientific, United States of America). Chlamydia trachomatis was detected using the 

Applied BiosystemsTM TaqMan® Assays. Molecular genotyping of C. trachomatis positive 

samples was performed by an omp1 semi-nested PCR followed by RFLP analysis. All statistical 

analyses were conducted using RStudio, version 3.6.3. All p-values were considered significant 

at < 0.05. This study was approved by the Biomedical Research Ethics Committee (BREC) of the 

University of KwaZulu-Natal (BREC/00004226/2022). 

The study design and methodology involved in this study are detailed in the respective 

manuscripts within the dissertation. 
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1.2 Introduction 

Reproductive tract infections rank amongst the most significant public health issues in both 

developed and developing nations, including South Africa [1]. Chlamydia trachomatis (C. 

trachomatis) is an obligatory intracellular, gram-negative bacteria that can only replicate inside a 

host cell. Globally, it is the leading cause of bacterial sexually transmitted infections (STIs) 

amongst young women. Asymptomatic C. trachomatis infections can occur in up to 80% of 

female patients [2]. According to data from the World Health Organization (WHO), C. 

trachomatis is one of the most prevalent bacterial STI pathogens, causing an estimated 127 

million new infections each year [3]. In a study conducted in Cape Town, South Africa, the 

prevalence of C. trachomatis among pregnant women was approximately 20% (49/242) [4]. The 

number of chlamydial infections reported in the United States of America (USA) in 2014 was 

over 1.44 million, which is the highest number since cases were first identified in 1984. Between 

2004 and 2014, the number of reported cases of chlamydial infection rose from 316.5 to 456.1 

per 100 000 individuals. The actual number of new infections is probably much higher since many 

infections are asymptomatic and go unreported [3]. In pregnancy, C. trachomatis infection can 

lead to, ectopic pregnancy, early membrane rupture, preterm delivery, spontaneous abortion, and 

perinatal death [1].  

Nucleic acid amplification tests (NAATs), nucleic acid hybridisation tests, direct 

immunofluorescence, and enzyme immunoassays are amongst the tests used to diagnose 

urogenital C. trachomatis infections. The NAATs are the most precise and sensitive assays for 

identifying C. trachomatis infections and have become the gold standard for diagnosis and 

screening [5]. Whilst the host’s genetics may play a role in disease severity [6], this pathogen 

must adapt to living in the harsh host environment. To this end, C. trachomatis has evolved a 

multitude of adaptations to fit into the intracellular niches of its hosts [6]. Prokaryotes acquire 

new genetic features that are beneficial to them through a variety of ways. Point mutations that 

arise randomly in genomes code for effectors with better functional qualities [7]. Horizontal gene 

transfer is enabled by transduction, transformation, or conjugation. Gene duplication creates new 

gene families with distinct functions and expression patterns. All these factors have a significant 

role in bacterial gene variability [8]. Chlamydia trachomatis genomes are highly syntenic, and the 

sequence variation between genomes can occasionally be as low as 20 single nucleotide 

polymorphisms. Recombination is thought to be the mechanism that creates diversity, according 

to recent indications from partial genome analysis [9]. 

Cervicitis can be caused by urethral infection of chlamydia [10]. Cervicitis can be asymptomatic 

or cause mucopurulent vaginal discharge and postcoital haemorrhage in women. Pelvic 
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inflammatory disease (PID) or salpingitis is frequently asymptomatic. More than 15% of women 

with past episodes of PID may experience chronic pelvic pain associated with the existence of 

peritoneal adhesions [10]. Infants born to mothers who have chlamydial infections can become 

infected shortly after birth. Infected vaginal fluids have a high transmission rate (50%-70%). 

Conjunctivitis affects 30%-50% of infants born to infected mothers, 5-10 days after delivery. 

Nasopharyngeal infection affects as least half of all new-borns with conjunctivitis [11]. After 2-3 

weeks of incubation, 30% of these new-borns develop chlamydial pneumonia. Untreated 

infections acquired at birth can last for months or years if not managed appropriately [12, 13]. 

Genotyping is a method for investigating small genetic anomalies that can lead to large 

phenotypic alterations, such as physical characteristics that distinguish individuals from each 

another and pathological changes that cause disease [14]. Genotyping is a popular method for 

bacterial strain typing and permits the separation of bacterial strains based on their genetic 

makeup due to its high resolution. A serovar is a collection of bacteria or viruses based on the 

antigens on their cell surfaces. Serovars enable sub-species level classification of organisms, 

which is essential in epidemiology [14].  

Cervicitis is a widespread condition caused by C. trachomatis serovars D, E, F, G, H, I, J and K, 

whereas lymphogranuloma venereum is associated with serovars L1, L2 and L3. According to 

reports, in industrialized nations, serovars D, E and F are more frequently linked to cervical, 

vaginal, and urethral infections [15]. Chlamydia trachomatis serovars D through K are mostly 

responsible for causing urogenital infections and of these, serovars E, F and D account for up to 

60%-70% of these infections. Genomic methods, targeting the outer membrane protein gene 

(omp1), are more sensitive and accurate than immunotyping in detecting C. trachomatis 

variations within serovars as well as potential recombinants between serovars [14].  

There are a limited number of studies that have investigated the prevalence of circulating serovars 

of C. trachomatis in pregnant women from South Africa, particularly those from KwaZulu-Natal. 

In this study, the prevalence of circulating serovars of C. trachomatis were investigated in a cohort 

of human immunodeficiency virus (HIV)-positive pregnant women. Future studies on the genetic 

variation in C. trachomatis from pregnant South African women will be supported by the findings 

of this study. 

1.3 Problem statement 

Early and late miscarriage, increased risk of post-abortal infections, histopathological 

chorioamnionitis, premature rupture of membranes, postpartum endometritis and preterm birth 

are all linked to imbalances in the vaginal microbiota during pregnancy [16]. The prevalence of 
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C. trachomatis amongst pregnant women in Durban, South Africa was 11% as reported by 

Mabaso et al. (2022) [17]. The infection rates in South Africa are higher when compared to other 

parts of the world such as 3.5% in the USA, 10% in Peru, and 6.4% in Australia [18]. Untreated 

C. trachomatis infection in pregnant women has been linked to miscarriage, low birth weight 

babies, premature membrane rupture, postpartum endometritis, and transmission to the new-born 

babies [18]. The documented diversity of serovars of C. trachomatis and clinical factors 

associated with C. trachomatis is challenging for upcoming chlamydia vaccine design and 

development [15]. 

1.4 Research questions 

The research questions for this study were, what is the prevalence of C. trachomatis detected in 

the population of pregnant women and which serovars of C. trachomatis are circulating in the 

infected pregnant women? 

1.5 Rationale 

This study is important since C. trachomatis infection is the common STI amongst pregnant 

women. Identifying factors associated with infection will aid in developing targeted interventions 

to reduce the prevalence of this infection. Genotyping of C. trachomatis positive samples is 

important for identifying the level of genetic variation in this pathogen within a targeted 

population since the levels of variation within a pathogen significantly impacts future vaccine 

design strategies. 

1.6 Aim of the study 

To investigate the prevalence and serovars of C. trachomatis in a population of South African 

pregnant women. 

1.7 Objectives of the study 

• To determine the prevalence of C. trachomatis in the study population by a nucleic acid 

amplification test. 

• To identify circulating serovars of C. trachomatis by restriction analysis. 

• To link the different serovars with clinical factors (abnormal vaginal discharge and past 

treatment of STIs). 
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CHAPTER 2 

Literature Review  

The literature review is presented in the format of a manuscript that is currently under review in 

the Journal of Medical Laboratory Science & Technology of South Africa (Reference 

number: 135) and has been formatted according to the journal’s guidelines for authors. See 

Appendix D. 

Mini Review: The impact of Chlamydia trachomatis infection on pregnancy and neonatal 

outcomes 
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Abstract 

Chlamydia trachomatis (C. trachomatis) is an obligate intracellular bacterium whose only natural 

host is humans. Although presenting as asymptomatic in most women, genital tract chlamydial 

infections are a leading cause of pelvic inflammatory disease (PID), premature rupture of 

membranes (PROM), tubal factor infertility, and ectopic pregnancy. Chlamydia trachomatis is 

one of the most common bacterial sexually transmitted infection (STI) pathogens, resulting in an 

estimated 127 million new infections each year. Although C. trachomatis infections are prevalent 

in pregnant women and their neonates on the African continent, there are no published review 

articles from South Africa that focus on these infections. This review article aims to fill this gap 

in the literature. The biology, risk factors, co-infections, clinical features, and implications of this 

infection on South African pregnant women and their neonates were identified and extracted using 

an electronic search of online databases. Unmarried status, low socioeconomic level and a high 

number of sexual partners are all established risk factors for chlamydial infection amongst 

pregnant South African women. Infection with C. trachomatis has been linked to a variety of 

clinical symptoms in neonates, including low birth weight, nasopharyngitis, conjunctivitis and 

pneumonia. It is essential to screen sexually active young women and high-risk patients more 

frequently and raise awareness on the risks of C. trachomatis in developing countries such as 

South Africa. In addition, continuous initiatives to create effective vaccines that are safe to be 

administered to pregnant women against this pathogen are encouraged. 

 

Keywords: chlamydia, pregnant women, neonates, South African, infection 
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Introduction 

The physiological changes that occur during pregnancy induces a weakened immune system in 

pregnant women, which renders them more susceptible to infections and ailments.1 Reproductive 

tract infections rank amongst the most significant public health concerns in both developed and 

developing nations, including South Africa.2 Chlamydia trachomatis (C. trachomatis), the 

sexually transmitted infection (STI) responsible for causing the sexually transmitted disease 

(STD) chlamydia, is a gram-negative, obligate intracellular bacterium that can only replicate 

inside a host cell. It is the most frequent bacterial STI amongst young women worldwide.3 The 

prevalence of C. trachomatis infection is rising worldwide.1 The World Health Organization 

(WHO) has highlighted the increase in STI cases in recent years, with C. trachomatis being one 

of the most prevalent bacterial STI pathogens, causing an estimated 127 million new infections 

annually on a global scale.3 

The WHO estimates that 50 million women globally have contracted C. trachomatis for the first 

time, with 34 million cases occurring in Sub-Saharan Africa (SSA) and south to southeast Asia.4 

The prevalence of C. trachomatis is thought to be high in SSA, with more than 10 million new 

infections reported annually.4 In South Africa, it was projected that 6.0% of men and 14.7% of 

women had C. trachomatis in 2017.5 Amongst South African pregnant women, the prevalence of 

C. trachomatis ranges from 6.5%-36.8%.6 Up to 80% of C. trachomatis infections in women are 

asymptomatic.2 Therefore, the true number of new infections is probably much higher since many 

infections are asymptomatic and go unreported.3 Unmarried status, low socioeconomic level, a 

high number of sexual partners and inconsistent condom use are all established risk factors for 

chlamydial infection amongst pregnant women.7 

Problems caused by C. trachomatis colonization in the reproductive tract of pregnant women 

include, infertility, chronic pelvic pain, ectopic pregnancy, early membrane rupture, preterm 

delivery, spontaneous abortion, and perinatal death. Furthermore, new-borns can develop lung 

and eye infections if exposed to C. trachomatis during the gestation period.1 Approximately, 10%-

20% of infants born to mothers with untreated chlamydial infections may develop pneumonia.8 

Additionally, it has been demonstrated that C. trachomatis vaginal infections increases the risk of 

cervical cancer caused by human papillomavirus (HPV) and human immunodeficiency virus 

(HIV) by a factor of three to four fold.9 Chlamydia during pregnancy can be harmful to both the 

mother and the unborn child. The prevalence of C. trachomatis infections amongst South African 

pregnant women is high and pregnant women are more susceptible to acquiring C. trachomatis 

and co-infections such as HIV. This review article highlights the impact of C. trachomatis 

infections on South African pregnant women and their neonates.  
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C. trachomatis biology and pathogenesis 

Chlamydia trachomatis is a bacterium that affects the genital and non-genital areas, such as the 

lungs, eyes, and the columnar epithelium of the cervix, urethra, and rectum, respectively.10 

Chlamydia trachomatis is an obligate, aerobic, intracellular pathogen, of eukaryotic cells (Figure 

1). It is a rod-shaped, coccoid Gram-negative bacterium. Chlamydia trachomatis is categorized 

as a Gram-negative bacterium since it shares the same cytoplasmic membrane and outer 

membrane, however it lacks peptidoglycan cell walls.11 Since C. trachomatis cannot produce its 

own adenosine triphosphate, it needs developing cells to survive and cannot thrive on its own 

without a host organism.11 The 1 042 519 nucleotide base pairs that make up the genome of C. 

trachomatis, contain about 894 probable protein coding sequences. At 1.04 mega-bases, this 

bacterium genome is smaller than the genomes of many other bacteria and encodes about 900 

genes. It is possible that the C. trachomatis genome scavenges several crucial metabolic processes 

from the host cell since they are not encoded in the organism.12  

 

 

Figure 1. Human Papanicolaou smear showing eukaryotic cells infected with C. trachomatis at 

500x magnification, stained with haematoxylin and eosin. [Adapted from Britannica et al., 

2017]13 

 

Chlamydia trachomatis has a life cycle that consists of two physically different forms, similar to 

other Chlamydia species. In order to live outside of a host cell, elementary bodies (EBs), which 

range in size from 200 to 400 nanometres (nm), are enclosed by a stiff cell wall. Upon contact 

with a vulnerable host cell, this form has the ability to start a new infection.10 Reticulate bodies 
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(RBs) are only present inside host cells and range in size from 600 to 1500 nm. Both EBs and 

RBs are immobile. Initially, the EB of C. trachomatis, which resembles a little spore, attaches to 

a new host cell. The inclusion occurs when the EB enters the host cell surrounded by a host 

vacuole. The RB, a more substantial and metabolically active type of C. trachomatis, develops 

inside the inclusion. The inclusion is significantly altered by the RB, which creates a more 

favourable environment for the bacteria's fast multiplication during the next 30 to 72 hours.14 The 

vast majority of internal bacteria then change back to resistant EBs, rupturing the cell and 

dispersing into the surrounding space. The fresh elementary organisms shed in the semen or that 

are released from the female vaginal tract’s epithelial cells then bind to fresh host cells15 (Figure 

2).16  

 

 

Figure 2. The life cycle of C. trachomatis. [Adapted from Schust et al., 2012]16 

 

Components of the innate immune system are capable of quickly detecting the presence of 

chlamydial EBs in the extracellular environment (Figure 3).17 Pathogen-associated molecular 

patterns (PAMPs) on the surface of EBs bind to Toll-like receptors (TLRs) on all innate immune 

system cells, including phagocytic cells and epithelial cells, in particular TLR 2 and TLR 4. This 

triggers the release of proinflammatory cytokines and chemokines, which draw immune cells to 

the site of infection.18 Pathogen-associated molecular patterns on the newly integrated EB are also 

identified by the cytoplasmic pattern recognition receptor, nucleotide-binding oligomerization 
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domain protein 1, once it invades the host cell cytoplasm, leading to additional pro-inflammatory 

gene activation.19 Chlamydial antigen-specific, cell-mediated, and humoral immunity are 

produced as a result of the phagocytosis of C. trachomatis and the subsequent production of 

distinct antigens on the cell surface.20 In some infected women, the organism migrates to the 

uterus and fallopian tubes, leading to chronic infection.20 

 

Figure 3. Mechanism of the immune response to C. trachomatis. [Adapted from Agrawal et al., 

2009]17 

 

C. trachomatis infection during pregnancy  

The cervix is the most frequently infected region in pregnant women, and the urethra may be 

impacted in a smaller percentage of women.21 These cervical infections have the potential to 

progress and result in PID, which can eventually cause infertility, persistent discomfort, and 

ectopic pregnancy. Most women with cervical infections will not exhibit any symptoms or 

warning indications of the infection. The typical cervicitis features, such as mucopurulent 

endocervical discharge, endocervical friability, or oedematous ectopy of the cervix, are evident 

when clinical indications of the condition are present.22 The impact of chlamydia on pregnancy is 

a topic of debate, since this disease is asymptomatic in majority of patients. It can be difficult to 

estimate the infection date for asymptomatic pregnant women since chlamydia can be carried for 

several months or even a year. Asymptomatic chlamydial infection may cause early pregnancy 
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loss or recurrent pregnancy loss by activating the immune system. Chlamydia is strongly 

associated with ectopic pregnancy and tubal factor infertility (Figure 4).23 Chlamydia trachomatis 

infection rates amongst pregnant women range from 2%-35%.24 Pregnant women infected with 

chlamydia are more likely to experience negative pregnancy outcomes and postpartum PID. There 

have been reported consequences such as stillbirth, low birth weight, neonatal death, shorter 

gestational periods, preterm delivery and PROM.25 According to a study conducted in the past, 

women with a history of PID experienced chronic pelvic pain in 18% of cases, ectopic pregnancy 

in 9% of cases, and tubal scarring in 8% of cases.26 If symptoms do exist, they are typically 

associated with a urinary tract infection, including frequent urination and dysuria.27 

 

 

Figure 4. C. trachomatis infection. Symptoms and possible impact on fertility. [Smolarczyk et 

al., 2021]28 

 

Unmarried status, low socioeconomic level and a high number of sexual partners are all 

established risk factors for chlamydial infection amongst pregnant women.7 The usage of oral 

contraceptives has also been linked to cervical chlamydial infections.29 New sexual partners, 

having partners who previously had a chlamydial infection or another STD and inconsistent 

condom use are all sexual risk factors for chlamydial infection amongst pregnant women (some 

of which are more common in younger women).30 Family planning clinics (8%), prenatal clinics 

(7.2%), national employment training programs for women (11.4%), and detention centres 

(14.5%) have the greatest rate of chlamydia infections amongst pregnant women.31 Additionally, 
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the Centres for Disease Control and Prevention (CDC) advises pregnant women at continued risk 

for infection and those who tested positive at the initial prenatal visit to undergo retesting in the 

third trimester.21,22,32 Whilst the age range of 14-25 years continues to be a significant risk factor 

for chlamydia infection, women who have recently started having sex and pregnant women who 

have a history of STIs are at a higher risk of infection.33  

According to several studies, HIV is a co-infection of chlamydial genital infections amongst 

pregnant women around the world.34,35,36 The mixed epidemiology of this infection may in part 

be explained by the shared sexual and behavioural risk factors shared by STIs such as C. 

trachomatis and HIV. These pathogens have a link with one another.37 The vaginal epithelial layer 

is susceptible to damage from the invasive intracellular pathogenesis of C. trachomatis, which 

may make it easier for HIV to infect the host.34 Immunological alterations brought on by HIV 

may increase the rate of chlamydial infections.34 Additionally, those who are infected with HIV 

may experience more severe clinical features such as PID. To reduce the risk of HIV and its 

clinical effects, it is crucial to diagnose and treat chlamydial infections early.38,39 Furthermore, 

there is a concern that STIs may raise the risk of HIV mother-to-child transmission (MTCT), as 

preliminary research suggests that genital infections caused by C. trachomatis may increase the 

amount of HIV that is shed in the cervicovaginal region and cause chorioamnionitis.38,39 However, 

only a small number of published studies have examined the potential impact of STIs such C. 

trachomatis during pregnancy on HIV MTCT. In a HIV prevention trial conducted in 2015 of 

1373 HIV infected pregnant women, the rates of HIV MTCT among women infected with C. 

trachomatis (27/249, 10.7%), was higher than those in the uninfected women (8/98, 8.1%).40 

Upon further analysis, this study suggested a possible correlation between chlamydial infection 

and increased HIV MTCT in pregnant women.40  

Perinatal health care providers need to be informed of patients infected with C. trachomatis in 

order for them to take the appropriate steps to stop the spread of this organism. Studies suggest 

that advanced practice nurses should follow the CDC guidelines when screening and treating 

pregnant women for chlamydial infections that have been confirmed or suspected.41 Patient 

education is essential as the expectant mother has to understand that despite receiving treatment, 

she is still susceptible to reinfection from a sexual partner. Advanced practice nurses need to 

promote healthy sexual behaviour and if necessary, make a treatment offer to the woman’s sexual 

partner.42,43 It is essential to obtain a thorough sexual history along with a health history.42 There 

is proof that prenatal screening results in better outcomes. Therefore, it is crucial to screen 

pregnant South African women for chlamydia. Studies suggest that nurses should ensure that 

pregnant patients receive safe medical care. The mother and her unborn child will receive safer 
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medical treatment if pregnant women are aware of the perinatal implications and undergo routine 

testing for chlamydia.44 

Neonatal implications of C. trachomatis infection  

Infection with C. trachomatis has been linked to a variety of clinical symptoms in new-borns, 

including low birth weight, nasopharyngitis, conjunctivitis (inflammation of the outer eye) 

(Figure 5) and pneumonia.45 Infants infected with C. trachomatis have a conjunctivitis risk of 

20%-50% and a pneumonia risk of 5%-30%.45 During vaginal delivery, the new-born is exposed 

to untreated maternal cervical chlamydial infection. However, transmission can also occur after a 

caesarean section when membranes are ruptured.45 The infection rate in neonates of infected 

mothers range from 23%-70%.46 The most often infected anatomical site in new-borns is the 

nasopharynx, which causes nasal stuffiness. After birth, conjunctivitis can start a few days to a 

few weeks later. Approximately, 35%-50% of new-borns of untreated mothers develop inclusion 

conjunctivitis, and 11%-20% of these new-borns develop pneumonia.47 Infants may contract 

pneumonia anywhere between 2 and 19 weeks after birth. Without a temperature, it typically 

manifests as a staccato cough, tachypnoea, and rales. Chest radiographs may show hyperinflation 

and infiltrates. The new-born may show symptoms such as sneezing, vomiting, cyanosis, nasal 

blockage, and discharge. Chest films may show diffuse interstitial or patchy infiltrates and 

hyperinflation.48 Other respiratory conditions associated with C. trachomatis include new-born 

gastroenteritis, otitis media, bronchiolitis, rhinitis and pharyngitis.48 Chlamydia trachomatis can 

cause genitourinary tract infections or invasive lymphogranuloma venereum in older children and 

adults.45 A type of conjunctivitis that affects new-born infants after delivery is known as neonatal 

conjunctivitis (ophthalmia neonatorum).49 To prevent ophthalmia neonatorum which is caused by 

C. trachomatis, antibiotic ointment is typically applied to a new-born within an hour of birth to 

the eyes.46 All parents and caregivers should follow this recommendation for their neonates. Most 

hospitals are legally compelled to apply eye drops or ointment as soon as possible after birth in 

order to prevent this infection. If untreated, neonatal conjunctivitis can result in scarring and 

blindness (Figure 5).47,50 Once the baby is born, the labour and delivery nurses should apply 

erythromycin eye ointment to the baby’s eyes. Until proven differently, every neonatal 

conjunctivitis should be considered contagious.51 
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Figure 5. An infant with chlamydial conjunctivitis. [Adapted from Pickering & Prober, 2003]52 

 

Treatment of C. trachomatis infection 

Treatment for C. trachomatis is determined by infection site, patient age and presence of other 

infections. It is possible to simultaneously have a C. trachomatis infection and one or more other 

STDs such as HIV. To avoid reinfection, treatment is frequently administered to both partners at 

the same time. Several antibiotics, including tetracycline, erythromycin, ofloxacin, azithromycin 

and doxycycline can be used to treat C. trachomatis.44 The CDC recommends treating women 

with 500 milligrams (mg) tetracycline, orally four times per day.53,54 Damage to the fallopian 

tubes of women occur if the infection has spread, ascending the reproductive tract, and developing 

PID. It is advised to treat the mother of a new-born with conjunctivitis, which can progress to 

pneumonia.42 The CDC recommends taking 500 mg of erythromycin, orally four times a day for 

seven days during pregnancy.53,54 Alternatives include azithromycin and amoxicillin. 

Levofloxacin is a different potential option that has been demonstrated in human research to be 

low risk during pregnancy; however, animal studies raise concerns about neonatal cartilage 

damage with this antibiotic. Taking doxycycline during the second and third trimesters of 

pregnancy is not advised.23 It is possible to retest while pregnant three weeks after treatment. 

Throughout the course of the pregnancy, screening may be performed if the risk of reinfection is 

significant.51 The CDC advises treating C. trachomatis infected new-borns with oral erythromycin 

(50 mg), per day divided into four daily doses for 14 days if they have conjunctivitis or 
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pneumonia. Conjunctivitis topical therapy has a high failure rate, is ineffective, and does not 

completely remove nasopharyngeal carriage. Infants should be regularly monitored, if symptoms 

persist, they might require additional treatment (in about 20% of cases).45 

Prevention of C. trachomatis infection 

The prevention of STIs is a public health priority, and during the past ten years HIV co-

transmission has grown in developing countries such as India & South Africa, therefore the 

significance of C. trachomatis has become more apparent.42 The CDC guidelines for the 

prevention and control of STDs are based on five major concepts: (i) Persons at risk should 

receive education and counselling on safer sexual behaviour. (ii) Immunization before exposure 

to the disease which can be prevented by vaccination. (iii) Identification of infected people who 

are asymptomatic and of symptomatic people who are unlikely to seek diagnostic and therapeutic 

services. (iv) Effective identification and care for affected individuals. (v) Examining, treating, 

and counselling sex partners of infected patients.55 The CDC strongly advises that pregnant 

women who are sexually active (25 years old) and those who are at higher risk of infection 

undergo routine testing for chlamydia. However, the majority of pregnant women are uneducated 

and fear the testing process.41 Primary, secondary, and tertiary prevention strategies for C. 

trachomatis infection are all possible. Since treatment of C. trachomatis can still result in re-

infection, lifestyle counselling and health education are better means of prevention.56 Inquiring 

about risk-taking sexual behaviour, encouraging screening tests for those who are at risk, ensuring 

that partners are assessed and treated and providing counselling for safe sex practices are all 

crucial roles played by clinicians. Adolescents should participate in effective school-based health 

programs. Sadly, primary STI prevention has not gained much attention, particularly amongst 

pregnant women in developing countries such as South Africa.57 In order to avoid the severe 

effects of chlamydial infection, secondary prevention refers to the early discovery of disease by 

screening. Since chlamydial infections are widespread, linked with significant morbidity, 

detectable, and curable, they fulfil the general prerequisite for disease prevention by screening.44 

Recent developments such as non-invasive specimen testing and azithromycin single dose therapy 

may improve attempts to prevent chlamydial infection, but majority of pregnant South African 

women are uneducated and may not approve of these methods. The main concern is that tubal 

damage has already occurred amongst South African women and by the time the patient develops 

symptoms, tertiary prevention of acute and chronic chlamydial infection of the upper genital tract 

has generally failed and therefore requires further research.56 
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C. trachomatis vaccines   

In comparison to other biomedical therapies, vaccination may be significantly more efficient at 

containing chlamydia infection epidemics in Africa. Despite many attempts to create awareness 

on chlamydia by making visual posters at clinics and by educating people on the dangers of STIs. 

The best public health measure is to speed up the detection and treatment of pregnant women, 

which is difficult to do since majority of South African women are uneducated and do not 

understand the importance of screening. Even with 100% coverage, administering a preventive 

vaccine to women before their first sexual experience could result in a considerable decline in 

prevalence that could not be achieved by screening.58 Despite numerous attempts to develop a 

vaccine, there are currently no fully or partially effective preventative vaccines. The development 

of effective delivery systems and adjuvants to boost immune effectors to achieve long-term 

protective immunity have been major challenges in the quest for an effective human chlamydial 

vaccine. These challenges include defining the components of protective immunity to facilitate 

vaccine evaluation and selecting appropriate vaccine candidates that have stable antigenic and 

immunologic properties.42 The genital tract’s immunological features and chlamydia’s affinity for 

mucosal epithelial cells highlight the need for a C. trachomatis vaccine to elicit both mucosal and 

systemic protective responses especially amongst pregnant women.41 The fundamental 

immunologic paradigms for vaccine selection and evaluation, including the unavoidable 

requirement for a vaccine to generate T-helper type 1 immune response that regulates chlamydia, 

have been established by advancements in the functional immunobiology of chlamydia.41 

However, progress must be made in the creation and development of creative and efficient 

delivery mechanisms, such as vectors and adjuvants.59 Despite the many achievements of vaccine 

research to date, there are still a number of problems that limit our capacity to use immunological 

and biological knowledge in the development of vaccines. To find innovative immunogen 

candidates and delivery systems that are secure, immunogenic and produce the necessary 

protective immunity, more research must be done.60  

Conclusion 

It has been established that C. trachomatis is a significant STI pathogen, particularly amongst 

pregnant South African women and their new-borns. Infantile pneumonia and new-born inclusion 

conjunctivitis both have well-established clinical characteristics. There is currently ongoing 

research into the connection between maternal C. trachomatis infection and preterm and perinatal 

mortality. However, it is necessary to conduct more research, which should look into the 

pathological function of C. trachomatis during the perinatal period and co-infections such as HIV 

amongst pregnant women. Despite the current antibiotic treatment being effective when used, the 

majority of women with C. trachomatis exhibit no symptoms, making it difficult to diagnose and 
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treat them. Therefore, it is necessary to screen high-risk individuals more frequently and create 

awareness in third world countries such as South Africa to educate women on the dangers of C. 

trachomatis. Researchers have already established the viability and advantages of screening 

sexually active young women, particularly pregnant women. These approaches should be 

implemented by public health professionals along with ongoing efforts to develop effective 

vaccinations that are safe to be administered to pregnant women. 
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BRIDGE 

Chapter 2 illustrating the literature review revealed that South African women have a high 

prevalence rate for C. trachomatis infection. Several socio-demographic, behavioural and clinical 

factors such as unmarried status, low socioeconomic level and a high number of sexual partners 

have been shown to be associated with C. trachomatis infection. The manuscript in Chapter 3 

adds to the growing body of literature on the prevalence and factors associated with C. 

trachomatis infection in pregnant women from Durban, South Africa. It also identifies circulating 

serovars present in the study population and links the different serovars with clinical factors 

(abnormal vaginal discharge and past treatment of STIs). 
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Abstract 

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 gene (omp1) from C. trachomatis was 

amplified and positive amplicons were digested with restriction enzymes AluI, DdeI and HinfI for 

the assignment of serovars.  

Results: 

The prevalence of C. trachomatis in the study population was 12.2% (47/385). Serovar E (20/43) 

- 46.5% was the most frequent serovar in our study population, followed by serovars F (9/43) - 

20.9%, G (6/43) - 14.0% and D (5/43) - 11.6%. Serovar I (2/43) - 4.7%, which was detected in 

two samples, was the least frequent. Risk factors for C. trachomatis included 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 STIs and lacking treatment for STIs.  

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. 

 

Keywords: chlamydia, sexually transmitted infections, pregnant women, serovars, South Africa 
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Introduction  

In both industrialised and developing countries, reproductive tract infections are one of the most 

important public health challenges.1 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 bacterial sexually transmitted infections (STIs) in young women globally. Up to 80% of 

C. trachomatis infections in women are asymptomatic.2 Infection with C. trachomatis is 

becoming more common throughout the world.1  

According to the World Health Organization (WHO) reports, STIs 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.3 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.1 In 2014, 

approximately 1.44 million chlamydial infections were reported in the United States of America 

(USA), being the most significant number since cases were first recorded in 1984. The rate of 

reported chlamydial infections showed a world-wide increase from 316.5 to 456.1 occurrences 

per 100 000 people between 2004 and 2014.3 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 385 000 in 2013, equating to a rise in incidence of 

162.8 to 181.8 infections per 100 000 people.3  

The WHO estimates that 50 million women globally have contracted C. trachomatis for the first 

time, with 34 million cases occurring in Sub-Saharan Africa (SSA) and south to southeast Asia.4 

The prevalence of C. trachomatis is considered to be high in SSA, with more than 10 million new 

infections reported annually.4 In South Africa, it was reported that 6.0% of men and 14.7% of 

women had C. trachomatis in 2017.5 In a study published in 2019, the prevalence of C. 

trachomatis was 20% (49/242) in a population of pregnant South African women.6 Since many 

infections are asymptomatic and go unnoticed, the actual number of new infections is likely to be 

substantially greater.3  

Genotyping is a technique used to detect minor genetic differences that can contribute to 

significant phenotypic changes, such as pathological changes that underpin disease.7 Owing to its 

high resolution, genotyping allows the differentiation of bacterial strains based on their genetic 

content. Recently, this has become frequently employed for chlamydial strain typing.7 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 sub-species level, which is crucial in epidemiology.8 



29 
 

Chlamydia trachomatis is divided into 15 serovars namely, A, B, Ba, C, D, E, F, G, H, I, J, K, 

L1, L2 and L3, based on the structure of the outer membrane protein gene (omp1).8  

Sexually transmitted serovars of C. trachomatis- (i.e. D, E, F, G, H, I, 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.9 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.7 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.9  

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 omp1 was performed in order to identify the different serovars present in the 

population of pregnant women. This study will form the basis for subsequent research on the 

genetic diversity of C. trachomatis in South African pregnant women.  

Methods 

Ethical approval 

This study was approved by the Biomedical Research Ethics Committee (BREC) of the University 

of KwaZulu-Natal (UKZN) (BREC/00004226/2022). 

Study setting, population and sample collection  

This was a cross-sectional study of pregnant women attending the antenatal clinic (ANC) at the 

King Edward VIII 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. 
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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 included a bead beating step 

for mechanical lysis of cells. DNA was purified using a column-based protocol that was 

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 

Chlamydia trachomatis was detected using the Applied BiosystemsTM TaqMan® Assays. 

Commercial primers and probes (Assay ID Ba04646249_s1) which targets the gene encoding the 

translocated actin-recruiting phosphoprotein of C. trachomatis were used. Amplification was 

performed on the Quant StudioTM 5 real-time polymerase chain reaction (PCR) detection system 

(Thermo-Fisher Scientific, USA). Briefly, each reaction was performed in a final volume of 10 

µL and included: 1 µL FAM-labelled probe/primer mix for individual targets, 5 µL Fast Start 4x 

probe master mix (Ba04646249_s1, Thermo-Fisher Scientific, USA), 1.5 µL template DNA and 

nuclease-free water. The runs included non-template control reactions. Amplification was 

performed under the following conditions: 1 cycle at 95C for 30 seconds followed by 45 cycles 

of denaturation at 95C for 3 seconds and annealing at 60C 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 Quant StudioTM 5 real-time PCR system software. 

C. trachomatis genotyping 

Molecular genotyping of C. trachomatis positive samples was performed by an omp1 semi-nested 

PCR followed by restriction fragment length polymorphism (RFLP) analysis. The first product of 

1033 base pairs (bp) was amplified using the following paired primers: forward (SERO1A) (5’-

ATGAAAAAACTCTGAAATCGG-3’) and reverse (SERO2A) (5’-TTTCTAGATCTTCATTCTTGTT-3’).7 The 

reaction was performed in a final volume of 50 μL containing 16 μL of nuclease-free PCR water, 

25 μL of the DreamTaq PCR Master Mix (Thermo-Fisher Scientific, USA), 2 µL of each primer 

and 5 μL template DNA. PCR was performed with the following cycling conditions: initial 

denaturation 94ºC for 7 minutes, followed by 40 cycles of denaturation at 95ºC for 1 minute, 

annealing at 45ºC for 3 minutes and extension at 72ºC for 3 minutes. An additional 7-minute 

extension at 72ºC was performed at the end of the 40 cycles.  

 

Following the first round PCR, 1 μL 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 
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reagents and conditions as the first round and with the following primers: reverse primer 

(SERO2A) from the first round and PCTM3 (5’-

TCCTTGCAAGCTCTGCCTGTGGGGAATCCT-3’).7 After the PCR step, the amplified 

product was digested with either AluI, DdeI or HinfI restriction enzymes and visualised after 

electrophoresis on a 2% agarose gel. Chlamydia 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 (𝑥2) tests. All statistical 

analyses were conducted using RStudio, version 3.6.3. All p-values were considered significant 

at < 0.05. 

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 BiosystemsTM TaqMan® Assays. The prevalence of C. trachomatis in the study 

population was 12.2%. All no-template controls did not produce any amplicons. 

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, (42/47) - 89.4% had a secondary 

educational level, while (4/47) - 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 (40/47) - 85.1% compared to being employed (7/47) - 

14.9%. Nearly all participants who tested positive for C. trachomatis were unmarried (46/47) - 

97.9% compared to being married (1/47) - 2.1%, (p < 0.001).  

Approximately, (42/47) - 89.0% of the participants who tested positive had a regular sex partner, 

compared to (5/47) - 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 (38/47) - 80.9% compared to participants who had uncircumcised partners (9/47) - 

19.1%.  
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bp were observed for sample C. trachomatis (CT) 22 and this pattern showed the presence of 

serovar F (Figure 2, Table II, Supplementary Figure 4, Supplementary Figure 5). 

 

Figure 2: The AluI RFLP pattern of the digested omp1 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 CT 

22. Sample CT 21 was the only positive amplicon that showed no restriction banding profile for 

AluI. 

DdeI profile 

A total of 42 samples produced banding patterns for DdeI. 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 I was detected using the DdeI enzyme. The expected band sizes for serovar 

I included: 110 bp, 183 bp, 285 bp and 323 bp (Table II, CT 2 and CT 17).  
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Figure 3: The DdeI RFLP pattern of the digested omp1 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 CT 47. 

Sample CT 21 was the only positive amplicon that showed no restriction banding profile for DdeI. 

HinfI profile 

A total of 42 samples produced banding patterns for HinfI. Different banding patterns were 

observed across the samples, (Figure 4, Supplementary Figure 8, Supplementary Figure 9), 

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 HinfI enzyme. The expected band size for serovar 

J included: 540 bp; however, this band size was not detected throughout the Hinf profile.  
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pregnant women was 12.2% which is similar to the prevalence rate of 12.5% among a study 

population in Tanzania.17 

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%.16,18-31-38 Pooled 

prevalence rates in east and southern Africa are 6.9% and 6.1%, respectively.16,18-31-38 In a study 

conducted using urine samples, the prevalence rate was higher than the present study with 15% 

of the study population infected with C. trachomatis.39 In Brazilian studies, the rates of C. 

trachomatis infection in urine samples from pregnant women ranges from 6.9% to 18%.40 Other 

countries report prevalence rates of 6.4%-18.1%.41 The current study showed a higher prevalence 

rate compared to studies conducted among pregnant women from regions such as Iran (8.74%),1 

China (10.1%),42 and Saudi Arabia (10.5%).43 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.44  

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.45 Similar studies have shown that C. trachomatis infection was 

found predominantly in pregnant women around 25 years of age.46-48 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.49 Education has been considered a protective factor against 

engagement in high-risk sexual behaviour and STI diagnosis.50 Studies have shown that the 

highest rates of C. trachomatis infection are found in developing countries, among the poorer, 

unemployed and uneducated women.46-49,51,52 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.46,48,53 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,54 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, 

limited data is available for South Africa. Genotyping approaches, using the omp1, are more 

precise than previous techniques such as immunotyping,55 which has many limitations in 

determining C. trachomatis variations within serovars.55 Serovars D to K are chiefly responsible 
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for urogenital infections.56 Currently, the PCR-RFLP technique based on the omp1 amplification 

provides a sensitive and reliable method for typing of C. trachomatis isolates.29 In this study, five 

different serovars of C. trachomatis were identified by PCR-RFLP of the omp1. The clinical 

samples could have been discriminated by restriction endonuclease digestion with AluI alone. 

However, digestion with DdeI and HinfI 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 (20/43) - 46.5%, followed by serovar F (9/43) - 20.9%, serovar G (6/43) - 14.0%, 

serovar D (5/43) - 11.6% and serovar I (2/43) - 4.7%.   

The current study correlates with other European and American studies conducted among 

pregnant women, which show serovars E and F as the predominant urogenital serovars, 

accounting for up to 60%-70% of cases.57-63 These serovars have been reported to be the globally 

dominant strains.59,60,64 In Taiwan, the top three serovars among pregnant women were E, D and 

F.65 Similar results were found in Japan and Korea.65 In Thailand, serovar F (25%-60%) was the 

most prevalent serovar among pregnant women, followed by E (9%-20%) and D (7%-23%).66 A 

study conducted among pregnant Japanese women reported the most prevalent serovars to be D 

(12/40) - 30%, F (5/40) - 12.5% and E (3/40) - 7.5%.57 In a previous study of C. trachomatis in 

Mexico, serovar F was most frequent (13/24 - 54.2%), followed by serovars E, G and K (2/24 -

8.3% each). Serovars D and I were detected at a frequency of (1/24 - 4.2% each).9 In a study 

conducted in India, serovar D (135/280 - 48%) was found to be the most prevalent serovar, 

followed by serovars E (96/280 - 34%), F (34/280 - 12%) and I (17/280 - 6%) from urogenital 

samples.7 Similar, to the study conducted in India,7 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.56,66,67 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 (100.0%), E (80.0%), F 

(88.9%), G (100.0%) and I (50.0%) 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.2,3 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, 20.0% 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.68 In another 
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study, it was observed that C. trachomatis serovar F has also been associated with reduced 

mucopurulent endocervical discharge.69 

Serovars D, E, F, G and I were present in small proportions of women who were treated for STIs 

in the past. Therefore, the majority of women positive for C. trachomatis were not treated for 

STIs in the past. Individuals with C. trachomatis should be treated to avoid damaging effects on 

their reproductive system and ongoing sexual transmission.70 Additionally, treating their sex 

partners helps prevent reinfection and infection of other partners. Treating pregnant women 

reduces C. trachomatis from being transmitted to new-borns 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.55 Most studies 

investigating the association between C. trachomatis serovars and clinical factors of infection 

show contradictory results. This can be explained by geographical variations and differences in 

study size and population composition.55,70 

Study limitations  

In this study, the omp1 was not shown to be present in all the swab samples which tested C. 

trachomatis positive by the TaqMan® Assays. Other C. trachomatis genotyping studies which 

have been based on the omp1 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 
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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 material 

 

Supplementary Figure 1: The 1.5% agarose gel showing 16 positive amplicons generated for 

the outer omp1. 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 amplified clinical samples. A 

product size of 1033 bp of the outer omp1 was only present in 43 out of 47 samples tested. 

 

Supplementary Figure 2: The 1% agarose gel showing 5 positive amplicons generated for the 

outer omp1. 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 6 out of the 47 amplified clinical samples. A 

product size of 1033 bp of the outer omp1 was only present in 43 out of 47 samples tested. 
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Supplementary Figure 3: The 1% agarose gel showing 5 positive amplicons generated for the 

outer omp1. 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 5 out of the 47 amplified clinical samples. A 

product size of 1033 bp of the outer omp1 was only present in 43 out of 47 samples tested. 

 

Supplementary Figure 4: The AluI RFLP pattern of the digested omp1 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 seven out of the 43 

clinical samples that generated positive amplicons. Size fragments of 95 bp and 225 bp were 

observed for sample CT 29. Sample CT 21 was the only positive amplicon that showed no 

restriction banding profile for AluI. 
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Supplementary Figure 5: The AluI RFLP pattern of the digested omp1 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 CT 47. Sample CT 21 was the only positive amplicon that showed no restriction 

banding profile for AluI. 

 

Supplementary Figure 6: The DdeI RFLP pattern of the digested omp1 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 CT 22. Sample CT 21 was the only positive amplicon that showed no 

restriction banding profile for DdeI. 
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Supplementary Figure 7: The DdeI RFLP pattern of the digested omp1 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 43 clinical 

samples that generated positive amplicons. Size fragments of 86 bp, 100 bp, 207 bp, 295 bp and 

486 bp were observed for sample CT 29. Sample CT 21 was the only positive amplicon that 

showed no restriction banding profile for DdeI. 

 

Supplementary Figure 8: The HinfI RFLP pattern of the digested omp1 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 200 bp, 400 bp and 900 bp were 

observed for sample CT 29. Sample CT 21 was the only positive amplicon that showed no 

restriction banding profile for HinfI. 
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Supplementary Figure 9: The HinfI RFLP pattern of the digested omp1 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 CT 47. Sample CT 21 was the only positive amplicon that showed no 

restriction banding profile for HinfI. 
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CHAPTER 4 

Discussion  

Chlamydia trachomatis is one of the most frequent sexually transmitted infections (STIs) that can 

cause significant complications in pregnant women and their new-borns. Despite the fact that C. 

trachomatis can result in pelvic inflammatory disease (PID), infertility, ectopic pregnancy, 

preterm labour, early membrane rupture and low birth weight babies, the clinical course is 

typically asymptomatic, and the microbe is infrequently found in women who do not show any 

obvious signs of infection [19]. In women, up to 80% of C. trachomatis infections are 

asymptomatic [2]. Pregnant women with C. trachomatis have the risk of transmitting this 

infection during labour through the vaginal canal to their new-borns, causing conjunctivitis and 

pneumonia [20]. Prior to this study, limited data existed on the prevalence and circulating serovars 

of C. trachomatis in pregnant South African women.  

With a total of 34 million cases occurring in Sub-Saharan Africa (SSA) and south to southeast 

Asia, the World Health Organization (WHO) estimates that 50 million women worldwide have 

contracted C. trachomatis for the first time [21]. Sub-Saharan Africa is thought to have a high 

prevalence of C. trachomatis, with approximately 10 million new infections recorded each year 

[21]. The prevalence of C. trachomatis in pregnant South African women ranges from 6.5%-

36.8% [22]. In the current study which was conducted in the KwaZulu-Natal province of South 

Africa, the prevalence rate of C. trachomatis in pregnant women was (47/385) - 12.2% which is 

similar to another African study population in Tanzania, with a prevalence rate of 12.5% [23]. 

Previous studies revealed global variations in the prevalence of C. trachomatis among pregnant 

women. In a study conducted in southern Iran, the data revealed that 15.5% of pregnant women 

were infected with C. trachomatis [24] and this is higher than the prevalence of the current study. 

According to studies conducted in 2021, the estimated prevalence of C. trachomatis infection 

amongst pregnant women in the USA (7.4%) [25] and Guangdong; China (6.7%) [26] was lower 

than the prevalence of the current study. The current South African study correlates with the 

estimated global prevalence in Africa, which is between 5.2%-18.6% [27]. The current study is 

also within the global prevalence ranges in Asia (9%-14.9%), Oceania (10.9%-30.6%) [27] and 

Europe (1.6%-16.4%) [27, 28].  

According to the findings of the current study, the median age of C. trachomatis infected pregnant 

women was 26 years of age. A study conducted in Australia reported young pregnant women 

ranging from 16-25 years old to be infected with C. trachomatis [29]. Majority of studies have 

shown that C. trachomatis infection was found predominantly reported in pregnant women up to 

25 years old [30-33]. However, a study conducted in Tanzania showed that pregnant women 
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infected with C. trachomatis had a median age of 28 years old [23]. These findings show that 

young, sexually active women are at a high risk of acquiring C. trachomatis. Furthermore, these 

findings suggest the need for targeted testing of young, sexually active women in the development 

of C. trachomatis prevention strategies.  

The factors associated with C. trachomatis infection in the current study were low levels of 

education, being unemployed, not being married, not cohabiting, having first sex at a young age, 

having numerous lifetime partners, not knowing whether their partner has other partners, not using 

condoms, not showing symptoms of STIs, and not having received STI treatment in the past. In a 

study conducted in Brazil, the main risk factor for C. trachomatis infection among women was 

having many lifetime partners, with a prevalence of 44.4% [34]. The current study correlates with 

other studies showing greater infection rates of C. trachomatis in unmarried women and women 

who have multiple partners [30, 32, 35]. A protective factor against engaging in high-risk sexual 

behaviour and STI diagnosis has been education [36, 37]. Studies have demonstrated that the 

poorest and least educated individuals in developing countries, are those with the highest 

prevalence of C. trachomatis infection, and our results are consistent with these findings [27, 30, 

38].  

The correlation between low income, lack of education and positive chlamydia infection, may be 

explained by inadequate health literacy and inability to pay for healthcare or screening due to 

financial restrictions. Women visiting antenatal clinics may not have previously sought treatment 

for C. trachomatis due to socioeconomic factors, and they may be receiving care for the first time 

at those clinics for health issues [39]. In the current study, the majority of the women (66.0%) did 

not report having abnormal vaginal discharge and were therefore asymptomatic for C. trachomatis 

infection. This is consistent with research from South Africa and international studies suggesting 

that the actual incidence of C. trachomatis infections is much higher since many infections are 

asymptomatic and go unreported [2, 3].  

In the current study, the majority of the women who tested positive for C. trachomatis did not 

receive STI treatment in the past. Pregnant women who receive treatment have a lower risk of 

passing on C. trachomatis to their new-borns at birth. Furthermore, treating their sex partners 

prevents reinfection and infection of other partners. A study conducted in Guangdong; China 

reported a prevalence of 85% for asymptomatic C. trachomatis infections [26] and this is 

consistent with the findings of the current study which showed a high prevalence of asymptomatic 

C. trachomatis infections. In the current study, having a circumcised partner and having a regular 

sex partner were associated with testing positive for C. trachomatis. This correlates with a 

systematic review conducted by Morris et al. (2019), reporting that partner medical circumcision 
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reduces a women’s risk for Trichomonas vaginalis infection, however, this is not always the case 

for C. trachomatis [40].  

The prevalence of C. trachomatis serovars has been determined for several countries, however, 

this data is lacking for South Africa. The Omp1 genotyping is more accurate and sensitive than 

immunotyping in revealing C. trachomatis variations within serovars as well as in possible 

recombinants between serovars [41-43]. Urogenital infections are mostly caused by serovars D to 

K. Of these, serovars E, F and D are responsible for up to 60%-70% of these infections [44-47]. 

In this study, five distinct serovars of C. trachomatis were identified by digestion of the omp1. 

By digesting with AluI alone, the clinical samples were distinguished. However, digestion with 

DdeI and HinfI were also carried out to help with further C. trachomatis serovar differentiation 

in this study. Serovar E (46.5%) was the most prevalent serovar in the study population, followed 

by serovars F (20.9%), G (14.0%), D (11.6%) and I (4.7%).  

This study correlates with studies conducted in other countries showing serovars E and F as the 

dominant types [48-50]. In a study conducted in Brazil that included 141 women, the most 

frequent serovar detected was E (39.7%), followed by F (17.7%) [51]. Serovar E was also the 

most prevalent (31%), followed by F (21%), in a Costa Rican study that included 806 C. 

trachomatis-positive samples [52]. Serovar F was most prevalent (54.2%) in a previous study 

conducted in Mexico [15]. In addition, both of the above-mentioned studies, showed serovar D 

as the third most common serovar [51, 52]. This differs from the current study which showed 

serovar G as the third most common serovar in the studied population. Another study detected 

serovar F as the more frequent type in pregnant women [53]. Finally, a study conducted in India 

showed serovar D (48%) as the most prevalent serovar, followed by serovars E (34%), F (12%) 

and I (6%) in the urogenital samples [14]. Sociodemographic characteristics, the various 

sensitivity levels of the diagnostic techniques utilized, and specimen types collected could all be 

used to explain the differences in serovars amongst pregnant women throughout the globe [54, 

55]. 

Potential correlations between C. trachomatis serovars and certain clinical factors have not been 

fully described amongst South African pregnant women. In the current study, 20% of pregnant 

women who harboured serovar E showed symptoms of abnormal vaginal discharge. This study 

correlates with another study conducted in Mexico which showed that serovar E was associated 

with green abnormal vaginal discharge [56]. The current study showed that 11.1% of pregnant 

women who harboured serovar F had symptoms of abnormal vaginal discharge. Another study 

revealed that serovar F has been associated with reduced mucopurulent endocervical discharge 
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[53]. In a previous study, C. trachomatis serovar K was associated with abnormal vaginal 

discharge [57].  

Conclusion  

In this study, C. trachomatis was present in vaginal samples from pregnant women in South Africa 

at a prevalence rate of 12.2%. Low levels of education, being unemployed, not being married, not 

cohabiting, having first sex at a young age, having numerous lifetime partners, not knowing 

whether their partner has other partners, not using condoms, not showing symptoms of STIs, and 

not having received STI treatment in the past were factors significantly associated with C. 

trachomatis infection. These factors demonstrate the value of prenatal clinics in screening women 

for vaginal infections during routine check-ups and providing ongoing risk reduction counselling 

to this high-risk population.  

 

In this study, five different serovars of C. trachomatis were identified, with serovars E and F 

being the most prevalent. This study also provided evidence for the genetic diversity of C. 

trachomatis. This study demonstrated that genotyping using uncultured vaginal swabs is possible. 

For upcoming chlamydia vaccine design and development, the documented diversity of serovars 

and the many clinical variables described within certain populations can be challenging. However, 

several of the prevalent serovars identified in South Africa correlated with serovars identified in 

other parts of the world. Given the possibility of conserved C. trachomatis strains from various 

geographic locations, this offers some promise and may offer some encouragement for future 

vaccine development and diagnostic research that focuses on the entire C. trachomatis population. 

Future research resulting from this study should examine the relationship between this pathogen’s 

serovars and patterns of drug susceptibility to azithromycin. The distribution of the serovars in 

pregnant and non-pregnant populations should also be compared, and the serovars should be 

further investigated in relation to the presence or absence of clinical symptoms, perhaps by 

investigating the virulence genes in these particular serovars. 
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Limitations of the study: 

• Participants in the study self-reported their clinical symptoms, which could have introduced 

biases in the reporting process. 

• This study was cross-sectional, therefore, the effects of infection on pregnancy and neonatal 

outcomes could not be determined.  

• Participants in the study were chosen from one hospital, the King Edward VIII hospital and is 

not representative of the Durban population. For future studies on genotyping in Durban or 

KwaZulu-Natal, a wider population will need to be sampled from different clinics or hospitals.  

• Lastly, since the study only analysed samples from pregnant women, it is not a representation 

of the overall population.  

Strengths of the study: 

• This study addresses a gap in the literature about the prevalence and the risk factors associated 

with C. trachomatis infection amongst pregnant South African women.  

• The study also provides data on the serovars present in our study population, an under-studied 

area in South Africa. 
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