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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. C. trachomatis is one of the most common
bacterial sexually transmitted infection (STI) pathogen, resulting in an estimated 106 million new infections each year. C. trachomatis
infections are prevalent in pregnant women and their neonates in 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
of the risks of C. trachomatis in developing countries like South Africa. Professionals in public health ought to use these strategies in

addition to continuing initiatives to create effective vaccines that are safe to be administered to pregnant women.
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Introduction

The physiological changes that occur during pregnancy induce
a weakened immune system in pregnant women, which renders
them more susceptible to infections and ailments.’ Reproductive
tract infections rank among the most significant public health
concerns in both developed and developing nations, including
South Africa2 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 among
young women worldwide?* The prevalence of C. trachomatis
infection is rising worldwide.! The World Health Organization
(WHO) has highlighted the increase in STl cases in recent years,
with C. trachomatis being one of the most prevalent bacterial
STl pathogens, causing an estimated 106 million new infections
annually on a global scale.?

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.* The prevalence of C. trachomatis is thought to be high
in SSA, with more than 10 million new infections reported
annually.# In South Africa, it was projected that 6% of men and
14.7% of women had C. trachomatis in 2017.> Amongst South
African pregnant women, the prevalence of C. trachomatis ranges

from 6.5% to 36.8%.° Up to 80% of C. trachomatis infections in
women are asymptomatic.? Therefore, the true number of new
infections is probably much higher because many infections
are asymptomatic and go unreported.> 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.”

Problems caused by C. trachomatis colonisation in the
reproductive tract of pregnant women include infertility, chronic
pelvic pain, ectopic pregnancy, early membrane rupture, preterm,
spontaneous abortion, and perinatal death. Furthermore,
newborns can develop lung and eye infections if exposed to
C. trachomatis during the gestation period.! Approximately,
10-20% of infants born to mothers with untreated chlamydial
infections may develop pneumonia.? Additionally, it has been
demonstrated that C. trachomatis vaginal infections increases
the risk of cervical cancer caused by the human papillomavirus
(HPV) and human immunodeficiency virus (HIV) by a factor of
three to four.? Chlamydia during pregnancy can be harmful to
both the mother and the unborn child. According to Ngobese et
al., the range in SSA is 3.1% to 36.8% and 6.5% to 36.8% in South
Africa.® Therefore, the prevalence of C. trachomatis infections
amongst South African pregnant women is high and pregnant
women are more susceptible to C. trachomatis infections and co-
infections such as HIV. This review article highlights the impact
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of C. trachomatis infections in South African pregnant women,
and their neonates.

C. trachomatis biology and pathogenesis

C. 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.'
C. trachomatis is an obligate, aerobic, intracellular pathogen,
of eukaryotic cells (Figure 1). It is a rod-shaped, coccoid Gram-
negative bacterium. C. trachomatis is categorised as a Gram-
negative bacterium because it shares the same cytoplasmic
membrane and outer membrane, but it lacks peptidoglycan cell
walls. 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."" 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 significantly 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 because
they are not encoded in the organism.'

C. 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.'® Reticulate bodies (RBs)
are only present inside host cells and range in size from 600 to
1 500 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.™ The vast majority
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Figure 2: The life cycle of C. trachomatis (Adapted from Schust et al.)'¢
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Figure 1: Human Papanicolaou smear showing eukaryotic cells infected
with C. trachomatis at 500x magnification, stained with haematoxylin
and eosin (Adapted from Britannica)'

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 are released from
the female vaginal tract’s epithelial cells then bind to fresh host
cells’ (Figure 2).'¢

Components of the innate immune system are capable of quickly
detecting the presence of chlamydial EBs in the extracellular
(Figure 3)."7
patterns (PAMPs) on the surface of EBs bind to Toll-like receptors

environment Pathogen-associated molecular
(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.’® Pathogen-
associated molecular patterns on the newly integrated EB are
also identified by the cytoplasmic pattern recognition receptor,
nucleotide-binding oligomerisation domain protein 1, once
it invades the host cell cytoplasm, leading to additional pro-
inflammatory gene activation.' Chlamydial antigen-specific, cell-
mediated, and humoral immunity are produced as a result of the
phagocytosis of C. trachomatis and the subsequent production
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Figure 3: Mechanism of the immune response to C. trachomatis
(Adapted from Agrawal et al.)'”

of distinct antigens on the cell surface. In some infected women,
the organism migrates to the uterus and fallopian tubes, leading
to chronic infection.?

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 percent-
age of women.?' These cervical infections have the potential to
progress and result in pelvic inflammatory disease (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,
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endocervical friability, or oedematous ectopy of the cervix, are
evident when clinical indications of the condition are present.??
The impact of chlamydia on pregnancy is a topic of debate since
this disease is asymptomatic in the 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 loss or recurrent pregnancy loss by
activating the immune system. Chlamydia is strongly associated
with ectopic pregnancy and tubal factor infertility (Figure 4).23
C. trachomatis infection rates amongst pregnant women range
from 2-35%.%* 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 premature rupture of
membranes (PROM).? In a past study, women with a history of
PID experienced chronic pelvic pain in 21.4% (49/229) of cases,
ectopic pregnancy in 9% (9/100) of cases, and tubal scarring in
8.2% (10/122) of cases.?® If symptoms do exist, they are typically
associated with a urinary tract infection, including frequent
urination and dysuria.?’

Unmarried status, low socioeconomic level and a high number
of sexual partners are all established risk factors for chlamydial
infection amongst pregnant women.” The usage of oral
contraceptives has also been linked to cervical chlamydial
infections.?? 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).® Family planning clinics (8%), prenatal clinics
(7.2%), national employment training programmes for women
(11.4%), and detention centres (14.5%) have the greatest rate of
chlamydia infections amongst pregnant women.3' Additionally,
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
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Figure 4: C. trachomatis infection — symptoms and possible impact on fertility?®
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in the third trimester.2'2232 While age 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.??

According to several studies, HIV is a co-infection of chlamydial
genital infections amongst pregnant women around the
world.343¢ The mixed epidemiology of this infection may in part
be explained by the shared sexual and behavioural risk factors
shared by STDs like C. trachomatis and HIV. But regardless of
the risk factors for STDs, C. trachomatis and HIV have a link
with one another.3” The vaginal epithelial layer is susceptible to
significant damage from the invasive intracellular pathogenesis
of C. trachomatis, which may make it easier for HIV to infect
the host. Immunological alterations brought on by HIV may
increase the rate of chlamydial infections.3* Additionally, those
who are infected with HIV may experience more severe clinical
features like PID. To reduce the risk of HIV and its clinical effects,
it is crucial to diagnose and treat chlamydial infections early.
Furthermore, there is concern that STIs may raise the risk of HIV
mother-to-child transmission (MTCT), as preliminary research
suggests that genital infections like C. trachomatis may increase
the amount of HIV that is shed in the cervicovaginal region and
cause chorioamnionitis.33° However, only a small number of
published studies have examined the potential impact of STls
such as C. trachomatis during pregnancy on HIV MTCT. In an HIV
prevention trial conducted in 2015 of 1 373 HIV-infected pregnant
women, the rates of HIV MTCT among women infected with C.
trachomatis (27/249, 10.7%), were significantly higher than those
in the uninfected women (8/98, 8.1%).%° Upon further analysis,
this study suggested a possible correlation between chlamydial
infection and increased HIV MTCT in pregnant women.#

Perinatal healthcare 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.*!
Patient education is essential because the expectant mother
has to understand that even after receiving treatment, she is
still susceptible to reinfection from a sexual partner. Advanced
practice nurses must promote healthy sexual behaviour and, if
necessary, make a treatment offer to the woman'’s sexual partner.
It is essential to obtain a thorough sexual history along with a
health history.# There is proof that prenatal screening results in
better outcomes. So, 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 medical treatment if pregnant
women are aware of the perinatal implications and undergo
routine testing for chlamydia.*®

Neonatal implications of C. trachomatis infection

Infection with C. trachomatis has been linked to a variety of
clinical symptoms in newborns, including low birth weight,
nasopharyngitis, conjunctivitis (inflammation of the outer eye)

Figure 5: An infant with chlamydial conjunctivitis (Adapted from
Pickering & Prober)*'

(Figure 5), and pneumonia.* Infants infected with C. trachomatis
have a conjunctivitis risk of 20-50% and a pneumonia risk of
5-30%.* During vaginal delivery, the newborn is exposed to
untreated maternal cervical chlamydial infection. However,
transmission can also occur after a caesarean section when
membranes are ruptured.* The infection rate in neonates of
infected mothers ranges from 23-70%.% The most often infected
anatomical site in newborns is the nasopharynx, which causes
nasal stuffiness. After birth, conjunctivitis can start a few days
to a few weeks later. Approximately 35-50% of newborns
of untreated mothers develop inclusion conjunctivitis, and
11-20% of these newborns develop pneumonia.® 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 newborn may show
symptoms such as sneezing, vomiting, cyanosis, nasal blockage,
and discharge. Chest films may show diffuse interstitial or patchy
infiltrates and hyperinflation.#” Other respiratory conditions
associated with C. trachomatis include newborn gastroen-
teritis, otitis media, bronchiolitis, rhinitis, and pharyngitis.*’ C.
trachomatis can cause genitourinary tract infections or invasive
lymphogranuloma venereum in older children and adults.*
Conjunctivitis that affects newborn infants after delivery is
known as neonatal conjunctivitis.®® To prevent ophthalmia
neonatorum which is caused by C. trachomatis, antibiotic
ointment is typically applied to a newborn's eyes within an
hour of birth.#> 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).464°
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.*®
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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.* The CDC recommends treating women with
500 milligrams (mg) tetracycline, orally four times per day.>2%3
Damage to the fallopian tubes of women occurs if the infection
has spread, ascending the reproductive tract, and developing
PID. It is advised to treat the mother of a newborn who has
conjunctivitis, which can progress to pneumonia.*> The CDC
recommends taking 500 mg of erythromycin, orally four
times a day for seven days during pregnancy.’>33 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.?> Throughout the course of the
pregnancy, screening may be performed if the risk of reinfection
is significant.®® It is also possible to retest three weeks after
treatment. The CDC advises treating C. trachomatis-infected
newborns with oral erythromycin (50 mg), per day divided
into four daily doses for 14 days if they have conjunctivitis or
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).*

Prevention of C. trachomatis infection

The prevention of STls is a public health priority, and during
the past ten years, HIV co-transmission has grown, especially in
African countries such as South Africa, therefore the significance
of C. trachomatis has become more apparent.*? The CDC
guidelinesforthe prevention and control of STDs are based on five
major concepts: (i) Persons at risk should receive education and
counselling on safer sexual behaviour; (i) Immunisation 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.>* 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.*' Primary,
secondary, and tertiary prevention strategies for C. trachomatis
infection are all possible. Through lifestyle counselling and
health education, chlamydial infection is prevented from being
acquired as well as from being exposed to.>* Inquiring about
risk-taking sexual behaviour, encouraging screening tests for
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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 programmes. Sadly, primary STI
prevention has not gained much attention, particularly amongst
pregnant women in developing countries such as South Africa.*®
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.®
Recent developments such as non-invasive specimen testing
and azithromycin single-dose therapy may improve attempts
to prevent chlamydial infection, but the 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.>

C. trachomatis vaccines

In comparison to other biomedical therapies, vaccination may
be significantly more efficient at containing chlamydia infection
epidemics in Africa. Many attempts to create awareness of
chlamydia, including making visual posters at clinics and by
educating people on the dangers of STls, exists. 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, admin-
istering a preventive vaccine to women before their first
sexual experience could result in a considerable decline in the
prevalence that could not be achieved by screening.’” 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
immunological properties.*? 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.* The fundamental immunological 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.*'
However, significant progress must be made in the creation and
development of creative and efficient delivery mechanisms,
like vectors and adjuvants.’® 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
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knowledge in the development of vaccines. More research must
be conducted in order to find innovative immunogen candidates
and delivery systems that are secure, immunogenic, and produce
the necessary protective immunity.>

Conclusion

It has been established that C. trachomatis is a significant STI
pathogen, particularly amongst pregnant South African women
and their newborns. Infantile pneumonia and newborn 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 lookinto the pathological function of C. trachomatis
during the perinatal period and co-infections such as HIV
amongst pregnant women. Even though the current antibiotic
treatment is very effective when used, the majority of women
with C. trachomatis exhibit no symptoms, making it difficult to
diagnose and cure 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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