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Abstract

Chlamydia trachomatis (C. trachomatis) is the most common bacterial sexually
transmitted pathogen worldwide, especially in low- and middle-income countries,
including South Africa. Although frequently asymptomatic, C. trachomatis infections in
women cause pronounced genital inflammation. Given that genital inflammation
increases women'’s risk for human immunodeficiency virus (HIV) infection, treating and
preventing chlamydia is vital. Thus, there is an urgent need for effective interventions
to curb chlamydia infection. Although vaccines are currently in development, none are
yet approved for use. New drugs should also be developed and tested given the
general rise of antimicrobial resistance. To advance such interventions, expertise in
the basic microbiology of C. trachomatis is required. Techniques have indeed
advanced over time; however, the standard methods of culture and quantification of
C. trachomatis in vitro remain challenging. In South Africa, expertise in C. trachomatis
culture and in vitro manipulation is particularly limited. Therefore, | aimed to establish
a method to quantify laboratory-adapted stocks of C. trachomatis in in vitro cell culture,
to develop research capacity and set the stage for the important future research
needed to combat this pathogen. In this study, C. trachomatis was cultured from
existing laboratory stocks and used to optimise and compare microscopy-based

guantification methods.

First, representative C. trachomatis urogenital serovars (E, H) and lymphogranuloma
venereum (LGV) serovars (L1 and L2) were propagated in McCoy cells, using an
established centrifugation protocol. These stocks were used for all assays comparing
three commercially available reagents: (1) Pathfinder's C. trachomatis monoclonal
antibody, (2) Invitrogen’s C. trachomatis major outer membrane protein (MOMP)

antibodies, and (3) Trinity Biotech MicroTrak C. trachomatis culture confirmation Kit.

In the research setting, fluorescent microscopy techniques are widely used for
guantification of C. trachomatis due to their high sensitivity. However, this study
showed the Pathfinder C. trachomatis monoclonal antibody kit and Invitrogen’s C.
trachomatis MOMP Monoclonal Antibody kits had poor sensitivity with high
background fluorescent signals. Invitrogen’s polyclonal antibody yielded inconsistent

results, being either very weakly fluorescent or giving extremely bright signals. Thus,

Vi



counting bacteria using this polyclonal antibody had limited success and results were
not reproducible. MicroTrak’s kit, in contrast, allowed for clear visualisation of
inclusions and allowed for consistent and successful counting of C. trachomatis

bacteria.

This study reports inconsistent and/or unreliable results from the kits tested, with two
of the three reagents performing poorly. The last, effective kit manufactured by
MicroTrak was since discontinued. Thus, molecular methods, particularly gPCR-
based methods should be utilised to quantify C. trachomatis in future in vitro cell

culture studies.
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Chapter 1: Literature Review
1. Introduction

Today, Chlamydia trachomatis (C. trachomatis) is one of the most common bacterial
sexually transmitted pathogens worldwide (1) and associated with severe reproductive
pathologies (2). A meta-analysis conducted in 2020 estimated the pooled prevalence
of C. trachomatis was 2.9% in the general population (3.1% for females and 2.6% for

males) worldwide (3).

Chlamydia is highly prevalent in South Africa, which also has a high incidence of HIV
infection, especially in young women (4,5). Although there is limited C. trachomatis
surveillance data in South Africa, three recent cohort studies have estimated
Chlamydia prevalence in South African adolescent girls and young women to be 18-
42% depending on geographical location (6-8). Chlamydia prevalence in South
African males, ages 15-49 years is estimated to be lower than females, at ~6% (95%
Cl: 3.8-10.4%) (9). C. trachomatis infections are also frequently asymptomatic, leading
to many cases being missed and untreated in regions like South Africa where
syndromic management of sexually transmitted infections (STIs) is practiced (10).
Studies suggest that HIV risk is significantly higher after or during infection with an STI
(11) and/or bacterial vaginosis (BV) (12). Mechanisms for increased HIV risk include
inflammation associated with the STI or BV in the female genital tract (13) or disrupted
mucosal barrier function (14). Due to the significant public health burden of C.
trachomatis, and its association with HIV infection, there is an urgent need to develop
successful and practical interventions to prevent this disease and associated

reproductive sequalae.

The field of C. trachomatis microbiology has been active since the 1960s (15). Despite
this, there is still no vaccine available for use. Clearly, more research is needed that
will ultimately lead to effective interventions. This literature review will discuss C.
trachomatis as a human pathogen, with a focus on laboratory research and diagnostic

methods pertinent to this thesis.



1.1 Chlamydia trachomatis: the organism

1.1.1 Chlamydia trachomatis classification

Bacteria of the genus Chlamydia are obligate intracellular pathogens as they cannot
synthesise their own ATP and are therefore dependent on host cells (2). There are
nine families of Chlamydia that infect an estimated 400 host species, including humans
and animals such as birds, fish, reptiles and amphibians (41,42). Recently, chlamydial
lineages have been discovered in deep anoxic marine sediments from the Arctic Mid-

ocean ridge (18).

In humans, the two main species that have been found are C. trachomatis which
targets columnar conjunctival or urogenital epithelial cells (19), and Chlamydia
pneumoniae, which preferentially infects the epithelial tissue of the respiratory tract
(20). Historically, C. trachomatis bacteria have been classified into biovars, based on
tissue tropism, pathogenesis and biological characteristics in culture (21), or serovars,
based on the major outer membrane protein (MOMP) that confers antibody specificity
and is determined by serology (22). C. trachomatis biovars A-C infect the eye, causing
trachoma, biovars D-K are urogenital, infecting the genital epithelium, while biovars
L1-L3 cause lymphogranuloma venereum (LGV) (23-25) (Table 1.1). Furthermore,
there are 15 distinct serovars of C. trachomatis, based on MOMP serology, which have
been grouped into three serogroups based on serological relatedness (Table 1.2;
(22,26,27). These include group B serovars (which contain serovars B, Ba, D, E, L1,
and L2), the intermediate group (which contain serovars F, G, K and L3), and group C
(which contain serovars A, C, H, I and J). The majority of the amino acid sequence of
MOMP is conserved between serovars, although there are four variable domains (VD)

which confer the differences between the serovars (27).



Table 1.1 Chlamydia trachomatis classification by biovar

C. trachomatis Biovar Group | Included Serovars References
Trachoma A-C (23-25)
Urogenital D-K (23-25)
Lymphogranuloma venereum | L1-L2 (23-25)

Table 1.2 Chlamydia trachomatis classification by serogroup

C. trachomatis Serogroup | Included Serovars References
Group B B,Ba, D, E,L1,and L2 (22,26,27)
Intermediate Group F, G,Kand L3 (22,26,27)
Group C A, C,H landJ (22,26,27)

1.1.2 Chlamydia lifecycle

Chlamydia undergoes a biphasic developmental cycle within host cells, consisting of
a non-metabolically active but infectious elementary body (EB) phase; and a
metabolically-active but less infectious reticulate body (RB) phase (28,29) (Figure
1.1). The EB is the infectious form of C. trachomatis that enters epithelial cells through

attachment to host cell receptors, such as heparan sulphate (19).

Internalisation of the EB occurs during the first four hours (30). The C. trachomatis EB
becomes incorporated into a phagosome where it moves to the distal region of the
host Golgi apparatus. The C. trachomatis EB, contained within the host phagosome,
is resistant to fusion or maturation into fusion with lysosomes by enabling the exit from
the host endocytic pathway. This mechanism has similarities to Mycobacterium
tuberculosis intracellular bacterium’s survival strategy (31). As a result of this exit from
the normal host endocytic pathway, C. trachomatis EBs protect themselves from the
low pH, cytolytic and toxic environment of the host lysosome (32). C. trachomatis’s
ability to survive phagocytosis and the host endocytic pathway may be due to its
cysteine and lipopolysaccharide (LPS) rich cell wall which makes up the chlamydial
outer membrane complex, protecting the bacteria (2,33). Within 6-12 hours after

endocytosis, C. trachomatis EBs differentiate into the metabolically-active RB form,



which undergo many rounds of binary fission, and result in the formation of large
vacuoles known as the inclusion bodies (26,34) (Figure 1.1). Finally, the RBs retro-
differentiate into the infectious EB form which is released. When the infected host cell
bursts (cytolysis), after 48-72h of infection, the EBs are able to infect neighbouring
host cells (35).

During the infection cycle, the C. trachomatis EB use their type lll secretion system
(T3SS) to deliver over 100 bacterial effector proteins into the host cell (36). Once the
EB makes contact with the host cell, the pre-packaged T3SS effector proteins are
delivered into the phagosome triggering host cell cytoskeletal rearrangement, and
promoting EB internalisation (37). C. trachomatis infection can become persistent
where aberrant bodies (persistent form) may develop (38). Under stressful growth
conditions (including nutrient starvation, IFN-y exposure or antibiotic treatment (48,
49)), EBs convert into enlarged more persistent aberrant RB bodies, disrupting the
developmental cycle (39). These bodies contain many inclusions that are viable but

culture-negative, and can last for long periods of time in the infected host cells (39,40).
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Figure 1.1 The developmental cycle of Chlamydia trachomatis. Infectious elementary bodies (EB)
attach and enter the host cell. After internalisation, an initial body is formed by the endosomal
membrane surrounding the EB. By 6-12 hours an inclusion body forms containing metabolically active
reticulate bodies (RB) that differentiated from EBs. The RBs undergo fission and inclusion growth until
they retro-differentiate into EBs after 48-72 hours post infection. The infected cell bursts, releasing
infectious EBs that attach and enter neighbouring host cells. Under stressful growth conditions, a
persistent form, aberrant bodies, may develop and can last long periods of time in the host cell. Figure
adapted from Brunham and Rey-Ladino, 2005 (26).

1.1.3 Chlamydia trachomatis genome and major antigens

The highly conserved genome of C. trachomatis comprises of 1.0Mb, with a 7.5Kb
plasmid (41,42). Despite the genomic conservation of C. trachomatis in both the
chromosome and plasmid, different serovars of C. trachomatis present dissimilar
tissue tropism, with different disease outcomes and clinical prevalence (43). The
chlamydial EB contains several major antigens including MOMP, a 40-kDa protein,
which comprises over 60% of the chlamydial outer membrane complex (Figure 1.2)
(22). C. trachomatis MOMP functions as an adhesin protein in the EB form and as a
porin in the RB form (44,45). MOMP has been shown to induce both T and B cell
responses making it a promising antigen for vaccine development (46). The
polymorphic membrane proteins (Pmps) are type V secretion system autotransporters
and are involved in EB attachment to the host cell (47). These proteins are encoded
by the nine pmp genes. Pmps are thought to aid in immune evasion by the bacteria
and may play a role in tissue tropism (30,48). Other important proteins of the
chlamydial outer membrane complex include the outer membrane complex protein B
(OmcB) and porin protein B (PorB). These highly conserved, cysteine-rich proteins
play structural and specific roles during the differentiation of EBs into RBs and during
EB infection (49).
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Figure 1.2 Diagram of the chlamydial outer membrane complex. The major outer membrane
complex (MOMP) comprises of over 60% of the chlamydial outer membrane complex where it acts as
an adhesin protein in the EB form and as a porin in the RB form. The polymorphic membrane proteins
(Pmps) are involved in EB attachment to the host cell and are thought to aid in immune evasion by the
bacteria and may play a role in tissue tropism. The outer membrane complex protein B (OmcB) and
porin protein B (PorB) are highly conserved, cysteine-rich proteins that play structural and specific roles
during the differentiation of EBs into RBs and during EB infection. Adapted from Frohlich, 2014 and
Christensen, 2019 (209,210). Created with BioRender.com

1.2 Chlamydia trachomatis disease and pathology

C. trachomatis infections manifest differently in men versus women. Chlamydia
urogenital infections in men occur mainly in those younger than 35 years of age and
have been found to be asymptomatic in up to 50% of cases (50). Similarly, women
frequently experience asymptomatic infections, or mild symptoms such as dysuria,
bleeding and vaginal discharge (51). Although there are major consequences of
chlamydial infection, due to inflammation (26), in both males and females,
complications in the male genital tract are infrequent and cheaper to treat than in
women. As a result, the consequences of infection on sperm quality and infertility in
men has been poorly studied and current screening and research efforts are

predominantly focused on women (50).



1.2.1 Chlamydia trachomatis serovar specific disease

Human biovars of C. trachomatis infect ocular, genital tract and respiratory epithelia
(19,20). C. trachomatis serovars A, B and C are the etiological agent for trachoma, the
world’s leading cause of infectious blindness (52). Within endemic regions, repeated
C. trachomatis infection results in chronic inflammation and damage to the conjunctiva
leading to trichiasis, scarring and ultimately blindness (53). Sexually transmitted C.
trachomatis serovars L1-L3 are thought to initially infect mucosal macrophages and
monocytes, and pass through epithelial surfaces to regional lymph nodes causing
disseminated infection (54). C. trachomatis pathology after infection with LGV strains
begin as genital ulcers, and may result in blockage of lymphatic drainage and the
development of painful buboes (2,55). The urogenital biovars (C. trachomatis serovars
D-K) are the most prevalent worldwide, specifically serovars D, E and F (56). Infection
with these may be asymptomatic or lead to symptomatic, clinically complex syndromes
such as pelvic inflammatory disease (PID), tubal factor infertility (TFI) and ectopic

pregnancies (57).

1.2.2 Urogenital Chlamydia trachomatis-related pathology in men

C. trachomatis EBs enter the penis and begin infection in the single-cell columnar layer
of epithelium located in the penile urethra. Once inside the epithelial cells, the bacteria
replicate and infect neighbouring cells causing ascending infection. As a result of male
genital tract chlamydial infection, urethritis, epididymitis, epididymo-orchitis and even
prostatitis can occur (58,59). Thus, C. trachomatis infection can affect most of the male
reproductive system, including the prostate, seminal vesicles, epididymis, and testis.
Studies have indicated that infection also results in increased inflammatory markers
such as IL-8, CXCL9 and CXCL1 in semen (60,61). Infertility as a result of chlamydial
infection can occur in 5% of men, however the exact cause remains unknown. There
IS some controversy as some studies suggest C. trachomatis infection is associated
with poor semen quality and motility, while other reports show no association. This
indicates the need for further research into the consequences of C. trachomatis

infection in men.



1.2.3 Urogenital Chlamydia trachomatis-related pathology in women

As complications of infection are more severe in women, and so majority of research
efforts have focused on infection in the female genital tract. C. trachomatis EBs enter
the columnar epithelium of the endocervix where the bacteria begin to replicate and
infect neighbouring cells. At the site of infection, inflammation occurs leading to
cervicitis (26). Left untreated, the bacteria ascend from the lower genital tract to the
upper genital tract (Figure 1.3) (62). Consequences of untreated or recurrent
chlamydia infections include PID, fallopian tube injury and TFI due to damage and
scarring of the upper reproductive tract (63). In fact, chlamydial DNA was detected by
polymerase chain reaction (PCR) and in-situ hybridization in the endometrium,
fallopian tubes and ovaries in women presenting with ectopic pregnancies or TFI
demonstrating ascension from the vagina into the upper reproductive tract when left
untreated (64). A meta-analysis showed that infection during pregnancy was
associated with a higher risk of preterm birth, stillbirth, preterm premature rupture of
membranes and low birthweight babies (65). Women repeatedly exposed to C.
trachomatis through persistent infection or reinfection could develop severe damage
to the upper genital tract induced by cell-mediated immunological reactions
(inflammation), leading to the perpetuation of chlamydial sequelae (63). In the United
States of America, the Centre for Disease Control estimates that the lifetime medical
cost of STIs acquired through sexual contact is $15.9 billion. In sub-Saharan Africa, a
costing study conducted in 2017 estimated that this low-to-middle income region
covers 44% of the need for STI services (including prevention services, which were
costed based on adult population sizes), and 30% of global STI control cost, despite
having 40% of global STI burden (66). Clearly, C. trachomatis infection, particularly in

women, has major medical, social, and economic consequences.
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Figure 1.3 Chlamydia trachomatis ascension from the lower to upper genital tract in women.
The bacteria begin infection in the columnar epithelium cells of the lower genital tract. Left untreated,
the bacteria ascend to the uterus and fallopian tubes of the upper genital tract. Consequences of
untreated infection include pelvic inflammatory disease (PID), fallopian tube injury, tubal factor infertility
(TFI) due to damage and adhesions. Figure taken from Wiesenfeld, 2017 (67)

1.2.4 Immunity to Chlamydia trachomatis infection

Early studies using congenitally athymic nude mice (lacking a thymus) highlighted the
importance of a cell-mediated immune responses in control of chlamydia infections,
where mice were infected intravaginally with murine Chlamydia muridarum (C.
muridarum). Infection became chronic in nude mice and persisted for as long as 147
days, however heterozygous mice resolved infection in 17-20 days (68),
demonstrating the importance of T cells in immunity to Chlamydia.

Both CD4+ and CD8+ T cell subsets have been detected at the site of infection in the
genital tract in animal models of C. trachomatis infection and in human studies (69,70).
In particular, CD4+ T helper (Th) 1 responses, characterised by production of
interferon (IFN)-y, are believed to be important for the generation of a protective



response against chlamydia and considered the best correlate of protection (71). Mice
deficient in IFN-y were confirmed to be more susceptible to C. trachomatis infection
(72). The mechanism for IFN-y mediated protection against C. trachomatis relates to
the role of IFN-y in inducing host cell indoleamine 2,3-dioxygenase (IDO), an enzyme
that catabolizes tryptophan, which is needed for C. trachomatis survival (C.
trachomatis is a tryptophan auxotroph) (73). IFN-y-mediated induction of IDO is
therefore thought to be the primary protective innate response against C. trachomatis,

whereby intracellular C. trachomatis are starved of tryptophan.

Due to the obligate intracellular nature of C. trachomatis, there has been an increased
focus on CD8+ T cells and their contribution in controlling infection, which is likely
driven by the production of IFN-y (74). CD8+ immune responses were detectable
during C. trachomatis infection of mice and adoptive transfer experiments of C.
trachomatis-specific CD8+ T cells into naive mice suggest that these cells can mediate
protection (75). CD8+ responses have also been detected during human infection.
These include HLA class 1 restricted CD8+ CTLs specific for MOMP as well as non-
conventional CTLs (76,77).

Interestingly, there is some evidence that C. trachomatis serovar type may influence
host-pathogen interactions including immune responses and pathology (78). A study
by Verweij et al. (79), from the Netherlands, that measured serological responses in
510 women with PCR-confirmed C. trachomatis infections, showed that serovar D and
E elicited the highest IgG responses, followed by serovar H (79). Other studies have
reported an association between different serovars and possibility of C. trachomatis
infections being asymptomatic (80). Specifically, serovars D, E and | were more likely
to be associated with asymptomatic infections, while serovar G were more likely to be
associated with symptomatic infections (59). Although correlates of protection are not
fully understood, there is some evidence for partial-protective immunity in humans

from previous infections, which is thought to be mediated by T-cells (82).

Partial protective immunity to C. trachomatis in humans was first suggested in highly
exposed sex workers, where younger aged women were at an increased risk of
chlamydia infection (11), with prevalence in women declining with age. The probability

of reinfection was estimated to be three times more likely in women younger than 25
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compared to older women (83). With repeated exposure to C. trachomatis, and
acquired immunity to infection during each exposure to C. trachomatis over time, it
has been proposed that protection from C. trachomatis infection occurs with age
because of the accumulation of acquired immunity (84,85). Further evidence that has
been proposed to support this partial protection model comes from the clinical
observation that C. trachomatis re-infection rates are common after treatment with
antibiotics (occurring in about 10-20% of individuals within a 12-month period; (86).
The “arrested immunity hypothesis” has suggested that early treatment with antibiotics
can blunt the development of adaptive immunity against C. trachomatis (87). With
early C. trachomatis detection and treatment, the duration of infection is reduced. This
would be considered a good outcome as the damaging effects to the female genital
tract depend on the duration of infection (88). Interestingly, some patients undergo
spontaneous resolution where untreated C. trachomatis infections resolve
spontaneously. However, this observation and the potential contributing host factors
are not well defined (83,89).

1.3.1 Chlamydia culture systems for microbiological research and

diagnostics

Although diagnostic methods were not a focus of this thesis, there is an overlap
between older diagnostic methods using culture, and current microbiological research
methods. Historically, chlamydia was isolated and propagated using the yolk sack of
embryonated hen eggs, until the introduction of a tissue culture system in 1965 (15).
Subsequently, the standard diagnostic approach for C. trachomatis was propagation
cell culture, whereby monolayers were infected with inoculum prepared from
urogenital specimens. Both McCoy and HelLa cell lines were most commonly used

during the propagation of Chlamydia species (90).

Previous studies have documented the difficulty in obtaining substantial chlamydia
yields from propagation in cell lines (91), since chlamydia is cytotoxic (92), resulting in
host cell death and consequently lower yields. Throughout the replication cycle, C.
trachomatis bacteria depend on the viability of host cells, therefore studies have

focused on methods to optimize C. trachomatis propagation to obtain better yields.
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The important role of cycloheximide, a eukaryote protein synthesis inhibitor (93), in
large scale culture of chlamydia was first demonstrated by Ripa and Mardh who
showed that cycloheximide led to an increase in chlamydia yield by supressing, but

not completely inhibiting, host cell metabolism (94).

While culture methods for diagnostics are specific, they have been shown to exhibit
low sensitivity with detection rates ranging between 60-80%, even when performed by
experienced technicians (95). Culture is also labour intensive and time consuming and
has been phased out of use in diagnostic laboratories. However, C. trachomatis
culture is still required in surveillance laboratories to monitor C. trachomatis virulence
changes, antimicrobial susceptibility and as a positive control for diagnostic tests (96).
Tissue culture systems have allowed researchers to culture, isolate and purify both
clinical specimens and laboratory-adapted bacteria, for further investigations (15).
Recently, a three-dimensional bead culture system has been developed where C.
trachomatis-infected cells are polarized on collagen-coated microcarrier beads (31).
This novel culture method was shown to yield more infectious C. trachomatis, with a
higher bacterial titre than the flask culture method (97).

Though rarely used today, Giemsa and iodine stains have been used for detection of
C. trachomatis cultured for research and diagnostic purposes. However, these staining
methods lack sensitivity in comparison to immunofluorescence (98). Stamm et al.
showed immunofluorescence staining detected eightfold more inclusions per
monolayer than iodine staining and exhibited higher overall sensitivity (98% versus
84%) (99). Similarly, other studies have demonstrated direct immunofluorescence
staining techniques are more sensitive and specific than the Giemsa staining method
(100). Even though these methods are now outdated, they are cheaper than
immunofluorescence techniques and are therefore useful to consider in resource-

limited settings.

Immunofluorescence staining using anti-MOMP antibodies, is the preferred method
for culture confirmation nowadays (101). In addition to MOMP, which is highly
conserved, antibodies against Chlamydial LPS are also used. However, due to the
uneven distribution of LPS on the surface of EBs, it exhibits inferior staining

characteristics when compared to those against MOMP (102).
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1.3.2 Molecular diagnostic methods

Although not the focus of this thesis, it is important to evaluate diagnostic methods for
C. trachomatis infections, since there have been major developments since the late
1990’s (103).

1.3.2.1 Nucleic acid amplification tests (NAATS)

Nucleic acid amplification tests (NAATSs) have replaced culture as the diagnostic ‘gold
standard’ (103). NAATs are highly sensitive and specific and can be performed on
several clinical specimens including cervical, urethral, anorectal, and ocular swabs
(96). Non-culture methods such as this offer several advantages over culture, since
amplification of nucleic acids require less invasive methods of sample collection, lower
starting concentrations of C. trachomatis and have higher detection rate success
(104). However, NAATs amplify target DNA originating from both viable and non-
viable bacteria, resulting in possible overestimation of quantitative test positivity (105).

The near-point of care (POC) a 90-minute real-time PCR-based Cepheid GeneXpert
platform is well-established and used for the diagnosis of tuberculosis (TB) (106). In
addition to the GeneXpert C. trachomatis NAAT (Cepheid, Sunnyvale, California), the
US Food and Drug Administration (FDA) has approved 53 microbial tests for the
detection of C. trachomatis and Neisseria gonorrhoea (N. Gonorrhoea). These include
the commonly used Abbott RealTime CT/NG and Roche AMPLICOR CT/NG test for
Chlamydia trachomatis test (Table 1.3). In 2012, the FDA approved the use of the
GeneXpert CT/NG assay for the detection of C. trachomatis and N. gonorrhoea (107).

Although South Africa utilises syndromic management for the control and treatment of
C. trachomatis infection, the National Institute for Communicable Diseases (NICD)
does offer NAAT testing on request. These tests use PCR or transcription mediated
amplification (TMA) methodology and have a 10-day turnaround time (Table 1.3).
Appropriate samples include urethral, vaginal or endocervical swabs and first-void

urine, and must be transported on ice or frozen (108).
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1.3.2.2 Point-of-Care (POC) antigen testing for Chlamydia

trachomatis

POC diagnostic tests (Table 1.3) are intended to be performed at primary health care
clinics. Test results are intended to be rapidly obtained (10 minutes) for faster patient
management and improved clinical management outcomes (109). The World Health
Organization (WHO) criteria for POC use in resource-limited settings state that an
ideal POC test must be affordable, sensitive, specific and also user-friendly, rapid and
equipment-free (110,111). POC tests are generally based on antibody and antigen
binding detection and as lateral flow technology, including those used to detect C.
trachomatis. However, most of these antigen tests have demonstrated significantly
lower specificity and sensitivity compared to NAATs (112). This lack of sensitivity in
antigen-directed POCs has led to a shift to the more sensitive near-POC testing, that
include NAATs (113).
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Table 1.3 Molecular diagnostic methods for the diagnosis of Chlamydia trachomatis infection

Positive and

AMPLICOR CT/NG
test for Chlamydia
trachomatis (115)

Roche Molecular
Systems, Inc.

Female: Vaginal swab,
endocervical and urine

Estimated Sensitivity and Negative predictive
Test type Examples of tests Manufacturers turnaround Specimen Specificity 9 P
time range* values (PPV and
NPV) range*t
APTIMA Combo 2 Hologic, Inc. Male: Urethral swab, Male: Sensitivity Male: PPV: 92.9%-
Assay urine, prostatic and of 95.9%-97.9% 95.8%
seminal liquid
Specificity of NPV: 98.6%-99.3%
NICD tests Chlamydia SACACE Female: Endocervical 97.5%-98.5%
trachomatis real-TM Biotechnologies swab, vaginal swab Female: PPV: 87.4%-
(approved for 10 Days . 0
use in SA) _ Fema_ll_e._ 93.8%
Note: Only Chlamydia Sensitivity of
In-house Multiplex NICD trachomatis real-TM can 94.2%-94.7% NPV: 99.1%-99.0%
PCR be performed on prostatic
and seminal liquid. Specificity of
97.6%-98.9%
Diagnostic Abbott RealTime Abbott Molecular 6 hours — 2 Male: Urethral swab and Male: Sensitivity Male and Female:
laboratory tests | CT/NG (114) Inc. days urine of 93.4%-96.6%
(NAATS) PPV: 22.5%-98.3%

Specificity of
98.3%-99.3%

Female:
Sensitivity of
91.3%-98.4%

Specificity of
94.7%-100%

NPV: 98.0%-100%
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(RAPID test)

(117)

Chlamydia Rapid Test
Device (118)

Abon Biopharm
(Hangzhou) Co.,
Ltd.

urine
Female: Cervical swab

Note: Only Chlamydia
Rapid Test Device can
only be performed on
male urine.

Near point of | Xpert CT/NG (116) Cepheid 90 Minutes Male: Pharyngeal swabs, | Male: Sensitivity Male: PPV: 57.2%-
care tests rectal swabs and male of 86%-98.5% 99.8%
first catch urine
Specificity of NPV: 87.7%-100%
Female: Patient collected | 99.4%-99.8%
vaginal swabs, Female: PPV: 53.6%-
endocervical swabs, Female: 99.8%
pharyngeal swabs, rectal | Sensitivity of
swabs, and female first 86%-99.5% NPV: 87.7%-100%
catch urine
Specificity of
99.1%-99.8%
Point of care | Chlamydia Rapid Test | Creative Diagnostics | 10 mins Male: Urethral swab and Male: Sensitivity Male: PPV: 100%

of 20%-90.9%

Specificity of
92.9%-100%

Female:
Sensitivity: 88.5%

Specificity: 96.7%

NPV: 91.8%

Female: PPV: Not
given

NPV: Not given

* Specimen-dependent

T Prevalence-rate % dependent
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1.3.3 Chlamydia trachomatis evolution and diagnostic testing

C. trachomatis is generally considered highly conserved and genetically stable (119).
However, new variants of the bacteria have recently emerged with the Swedish new
variant (nvCT), named by Ripa and Nilsson (120), being the most well documented
after first being reported in 2006. Interestingly, the nvCT appeared to have higher
infectivity rates than the non-variants in the Swedish population. The nvCT was shown
to carry a 377 bp deletion within its plasmid, including the targets used by the Roche
and Abbott diagnostic systems. Wildtype C. trachomatis and nvCT appeared to have
similar biological fitness in vitro which suggests the rapid nation-wide transmission of
nvCT was probably due to the favourable diagnostic selective advantage (121). A
South African study by Venter et al. sequenced 459 C. trachomatis positive clinical
specimens and found no evidence of nvCT strains, indicating this new variant was not
yet present in this South African cohort (122). In 2019, another C. trachomatis variant
was described in Finland, that had a nucleotide substitution in the 23S rRNA (C1515T
mutation) of C. trachomatis (123). Importantly, it is widely believed that the emergence
of these new C. trachomatis variants may be a bigger problem than currently
appreciated, since there may be numerous undiscovered variants escaping detection
in many populations globally. Such variants will only be detected through widespread

sequencing and surveillance.

1.4.1 Syndromic management for the treatment Chlamydia

trachomatis infections

C. trachomatis infection is readily treatable at the individual level with antibiotics (103),
however at the population level, it is more difficult to control the spread of infection due
to stigma and behavioral factors (124). Public health intervention approaches include
1) health promotion, access to condoms and education; 2) diagnosis and management
services, partner notification and treatment 3) provision of opportunistic testing,
especially for at risk populations and 4) provision of population screening. In order for

these strategies to have a significant effect, this combination should be employed

simultaneously (124).
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Due to the difficulties in treating STIs in low resource settings, syndromic management
which relies on patient’'s signs and symptoms (syndromes) to treat infection, was
introduced into guidelines of low-income countries, such as South Africa, in the early
1990’s upon WHO recommendation (125). The following specific syndromes are
outlined in the Department of Health’s STI management guidelines for C. trachomatis
infection: vaginal discharge syndrome, male urethritis syndrome, lower abdominal
pain, genital ulcer syndrome and bubo (126). Once specific syndromes have been
identified, the appropriate medication is administered, and patients referred for
gynecological or surgical assessment if necessary. Syndromic management on a
national scale has many advantages such as low cost and only requires a single
patient visit, reducing the risk of loss to follow up. Patients receive treatment
immediately avoiding potential issues that may be experienced in limited laboratory

facilities and limited sensitivity of certain tests (127,128).

1.4.2 Improving Chlamydia trachomatis diagnostics and treatment

Although syndromic management can be expected to decrease prevalence of curable
STIs that present as symptomatic, this strategy has been shown to be less effective
in decreasing the prevalence of asymptomatic infection, such as C. trachomatis
(6,129-131). On the other hand, some symptomatic women are incorrectly or
unnecessarily treated with antibiotics in a syndromic approach. This is a concern as
this may lead to a possible increase in antimicrobial resistance over time (132) and is
a risk factor for BV (133), a shift in the vaginal microbiome away from being

Lactobacillus-dominant (134).

A cross-sectional study conducted in South Africa evaluated the performance of three
different guidelines for the management of vaginal discharge syndrome. Findings
showed that majority of women with C. trachomatis or other curable STIs would not
receive treatment with the syndromic approach as they presented with asymptomatic
infections (135). In fact, a study by Kaida et al. comparing genital tract infection
prevalence by syndromic-based and laboratory assessment among young sexually-
experienced South Africans, reported that 77.8% of females and 100% of males with
laboratory-diagnosed genital tract infections were asymptomatic and would not

receive treatment in a syndromic approach (136). In an observational cohort study
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also conducted in South Africa, pregnant women living with HIV were enrolled to
receive either aetilogical testing using Xpert C. trachomatis/NG or standard syndromic
management. The prevalence of C. trachomatis was 30% at baseline, and at postnatal
care the prevalence of STIs was lower among those that received aetiological care in
comparison to those receiving syndromic management (14% and 23% respectively;
aRR 0.61; 95% CI 0.35-1.05) (137). Although syndromic management has been
ineffective in decreasing prevalence of C. trachomatis, until a vaccine becomes
available, other low-cost strategies for enhanced STI care must be considered and

implemented, especially in countries like South Africa.

One such study with a different approach to STI care was conducted by Garrett et al.,
among a cohort of young women at high HIV risk in South Africa, using a care model
comprising of POC STI testing with immediate treatment, and expedited partner
therapy (EPT). The EPT packs included appropriate medication for partners as well
as male condoms and an information leaflet. This study showed that this strategy was
acceptable to young South African women and larger studies observing feasibility and
cost-effectiveness should be conducted in the future (7). If successful, this treatment
format could be an effective alternative to syndromic management as partners are

also treated for infection.

Chlamydia control programmes predominantly focused on screening sexually active
young women, have been implemented across the globe to reduce the burden of C.
trachomatis infection and related sequalae (138). Early diagnosis and treatment are
essential to reduce risk of complications and prevent further disease transmission,
however, in low resource settings, there are long delays between testing and
treatment. These delays are due to physical distance from laboratories and difficulties

with patient follow-up, contact tracing and treatment adherence (139).

Another common issue with screening is low uptake of STI testing by young sexually
active individuals (140). Thus, screening in non-medical settings has been proposed
as a method to improve uptake (141). A British ‘Test n Treat’ trial was conducted where
on-site rapid C. trachomatis tests were offered with same day treatment to sexually

active students attending further education colleges. Although this pilot study showed
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54% acceptance (142), the feasibility trial still had a low uptake of testing (<15%),
despite high rates of C. trachomatis (6%) at baseline and follow-up (143). Low uptake
was attributed to limited knowledge on STls, stigma and not feeling at risk. Therefore,
future studies should include STI education and engagement of peer influencers to

increase uptake and acceptance (140).

More recently a study by Estcourt et al. employed the eSexual Health Clinic system
(eSHC) in England for management and control of STIs such as C. trachomatis. Their
findings showed that roughly 75% of eligible people chose to access the online
chlamydia pathway and about 60% of patients managed their care completely online
(144). Studies like these highlight the need for more innovative strategies to tackle

programme uptake and adherence.

1.4.3 Behavioral interventions to manage Chlamydia trachomatis
risk

Behavioral interventions are designed to encourage high-risk individuals to change
their actions to improve their health outcomes (145). Behavioural interventions tailored
to psychological and behavioural characteristics of individuals have the potential to be
more effective than generic interventions to reduce C. trachomatis prevalence (146).

However, there is conflicting data as to whether such programmes are effective or not.

A community-based intervention trial was conducted in China targeting female sex
workers where clinic-based outreach activities, such as awareness-raising, condom
promotion, and sexual health care, were developed. As a result of the intervention, an
increase in condom use (55.2% at baseline to 67.5% at 12 months) and a decrease
in C. trachomatis prevalence (41% at baseline to 26% at 12 months) were reported
(147). Another trial conducted in the United States targeting minority women used
behavioural-cognitive intervention strategies, or enhanced intervention which included
weekly support group meetings to the goal of having participants recognize their risk
and commit to behaviour change. This study showed those in the intervention arm
were significantly less likely to have repeat C. trachomatis infections than controls
(148). Although successful, other behavioural intervention trials focussing on

adolescents in Sub-Saharan Africa (SSA) have been ineffective in decreasing

20



prevalence of curable STIs (149). As SSA youth bears a disproportionate burden of
HIV and curable STIs where four out of five new HIV infections are in young women
aged 15-19 years (150), other primary prevention approaches should be investigated

until a vaccine has been developed.

1.4.4 Considerations for designing Chlamydia trachomatis

interventions

Epidemiological trends have been well documented in many countries such as
Finland, where case rates have risen by 60% but the population seroprevalence rates
have fallen by 50% (151). Some evidence suggests that early treatment may be
interfering with the natural development of protective immune responses (87). This
idea can also provide a reason for declining sequelae rates as early treatment would
result in a shorter duration of infection. As the development of an adequate immune
response is hindered, susceptibility to reinfection is increased further reducing herd
immunity and resulting in a further increase in prevalence (64,152). The arrested
immunity hypothesis, coined by Brunham et al. (88), provided a suggestion as to why
despite numerous intervention programmes, antimicrobial treatment and contact

tracing, case rates continue to rise.

1.4.5 Chlamydia trachomatis vaccines

The goal of a successful preventative C. trachomatis vaccine is to reduce upper genital
tract sequelae in women and reduce the risk of inflammation in this area or to prevent
acquisition and transmission of infection. Genital C. trachomatis vaccine efforts have
been in the preclinical stage of testing for many years and have focused on animal
models specifically mice and non-human primates. Live-attenuated, subunit and
recombinant protein vaccines have been explored in these well-established animal
models (153). One such study showed live-attenuated (plasmid-deficient) C.
muridarum retained the ability to infect murine genital tracts without causing disease.
This model was used to demonstrate that mice previously infected with plasmid-
deficient mutants were in fact protected against disease and oviduct pathology upon

challenge with wild-type C. muridarum (154,155). This favourable result using a live-
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attenuated vaccine prompted scientists to evaluate this model in non-human primates
(156). However, Qu et al. showed that macaques that underwent cervical inoculation
with either wildtype C. trachomatis serovar D or a plasmid-deficient derivative
expressed similar inflammation levels. Notably, both groups also exhibited the same
level of pathology after five challenges with C. trachomatis. The authors suggested
this result may be due to genetic differences between the individual animals (157), but
this failure highlighted the shortcomings of live-attenuated chlamydia as a vaccine

candidate due to the immunopathology induced.

Subunit vaccines have been shown to be safer than live-attenuated vaccines in
numerous vaccine studies that focused on the Chlamydia MOMP (46,158). MOMP
has been the most widely researched candidate of subunit vaccines in multiple animal
models to date. However, studies show that MOMP-based vaccines alone provide
incomplete protection, and effectiveness is highly dependent on the conformational
structure of the protein (159). As MOMP is an integral membrane protein it is extremely
difficult to stabilise its native conformation (71). This prompted researchers to evaluate
other candidate vaccine antigens such as OMP2, HSP60, Pmp2 and CPAF (26,160).
A vaccine study, that has recently entered clinical trials, tested a multivalent vaccine
containing the variable domain 4 (VD4) region and surrounding constant segments of
MOMP from C. trachomatis serovars D, E and F adjuvanted with CAF01 (161). The
VD4 region contains the highly conserved species-specific epitope “LNPTIAG”, which
can elicit a broadly cross-reactive immune response with a high titre antibody
response able to neutralize multiple serovars of C. trachomatis. Promisingly, the
construct induced immune responses in mice, some serovar specific, and neutralized
serovars D, E and F. Mice vaccinated with this construct were protected against
challenge and exhibited reduced bacteria in the vagina due to a robust T cell response
induced by the construct. Pathological changes in the upper genital tract were also

prevented after challenge (162,163).

Subunit vaccines generally require the inclusion of adjuvants to improve
immunogenicity and replicate the robust immune responses elicited by whole-
organism vaccine candidates. Stary et.al (164) utilizing charge-switching synthetic

adjuvant nanoparticles conjugated to ultraviolet (UV) light—inactivated C. trachomatis
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demonstrated the following: uterine exposure to UV-C. trachomatis generated
tolerogenic C. trachomatis -specific regulatory T cells resulted in exacerbated bacterial
burden upon rechallenge with C. trachomatis. However mucosal immunization with
UV- C. trachomatis -cSAP elicited long-lived protection with a robust systemic memory
T cell response. They also emphasised the need to consider route of injection as their
study showed only mucosal vaccination induced a wave of effector T cells that seed
the uterine mucosa during week one of vaccination and establish resident memory T
cells. This study highlights the importance of a strong adjuvant to induce robust
immunological responses (164). A new approach to reduce bacterial or viral load and
enhance immunogenicity simultaneously is the use of therapeutic vaccines (165).
These vaccines can also be used as alternative treatment to antibiotics. Therapeutic
vaccine research targeting Chlamydia pecorum in Koalas showed positive therapeutic
effects at infected anatomical sites as well as a reduction in infectious load of the
bacteria (166). A promising result that can be extended to other species of animal and

humans.

As of 2017, vaccine development for Chlamydia has moved into the phase 1 stage of
testing, focusing on vaccinations containing rMOMP, with cationic adjuvant
formulation 1 (CAF01) (162). This phase 1, first-in-human, double-blind, parallel,
placebo-controlled trial was done with healthy women aged 19-45 years of age. The
participants were randomly assigned to one of three groups in a 3:3:1 ratio: CTH522
adjuvanted with CAF01, CTH522 adjuvanted with aluminium hydroxide (AH), or
placebo (saline). The vaccine schedule comprised of three intramuscular injections
followed by two intranasal administrations over a period of 5 months. For this study
the primary outcome was safety, and the secondary outcome was humoral
immunogenicity measured by anti-CTH522 IgG seroconversion. Both vaccine groups
showed an immune response compared with none in the placebo arm and the
CTH522:CAF01 vaccine showed a better immunologic profile (5.6-fold higher antibody
count) than that of the CTH522:AH candidate. No serious adverse events were
recorded in any group. Both candidates appear to be safe and immunogenic (167) and
there is indication of additional candidates entering clinical trials in the near future
(168).

23



1.5 Aims and Rationale

The overall objective of this study was to evaluate the performance of the following
three fluorescent reagents to quantify C. trachomatis in McCoy cells: (1) the
Pathfinder® Chlamydia trachomatis monoclonal antibody kit, (2) Invitrogen Chlamydia
trachomatis MOMP polyclonal and monoclonal antibodies and (3) the MicroTrak®

Chlamydia trachomatis Culture Confirmation Kit.

The specific aims of this project were:

Aim 1: to propagate and store representative C. trachomatis serovars E, H, L1 and
L2.

Aim 2: to compare the performance of commercial fluorescent reagent kits to detect
C. trachomatis in vitro.

Aim 3: to determine the concentration of bacteria in C. trachomatis stocks generated

for Aim 1, using the optimal kit determined in Aim 2.

Rationale

C. trachomatis is the most common bacterial sexually transmitted pathogen
worldwide, especially in Sub-Saharan Africa. Experience and skill in C. trachomatis
culture methods and in vitro manipulation is limited in South Africa, where research
into new biological interventions would make the most impact. The ability to culture
and manipulate C. trachomatis in the laboratory is an essential first step to develop
and test new interventions. This study establishes expertise in basic C. trachomatis
microbiological techniques and considers different methods to confirm the propagation
of C. trachomatis in in vitro cell culture. The ultimate goal of this study was to establish
a robust method for the detection and counting of C. trachomatis bacteria in cell
culture. Serovars E and H were chosen as representative urogenital serovars as E is
the second most common serovar in South Africa and we had access to E and H
previously isolated stocks in our laboratory. Serovars L1 and L2 were chosen as
representative LGV serovars and are less cytotoxic than the urogenital serovars,
resulting in less McCoy cell death and ultimately an increased yield of bacteria after

propagation.

24



Chapter 2. Materials and Methods

2.1 McCoy cell culture

Cryopreserved McCoy cells (American type culture collection; ATCC®; CRL-1696™)
were kindly provided by Dr Leonard Damelin from the NICD (Johannesburg, South
Africa). One vial of cryopreserved cells (~2 x 108 million) was thawed rapidly at 37°C
for 2 minutes and transferred to a 15ml centrifuge tube. Prewarmed E10 media (12ml,
Table 2.1) was added slowly to avoid shocking the cells. The cell suspension was
centrifuged for 7 minutes at 200 x g and the cell pellet was resuspended in fresh 5mi
E10 media and transferred to a 75cm? tissue culture flask containing 20ml of E10. Cell

attachment was checked using an inverted light microscope after 24 hours.

Table 2.1 Components of E10 Media

Component Manufacturer

10% Heat-inactivated foetal calf serum (HI-FCS) Hyclone, USA
Gentamicin solution (4ug/ml) Sigma-Aldrich., USA
Fungin (4pg/ml) Invivogen
L-glutamine (3mM) Sigma-Aldrich., USA
Eagle’s Minimum Essential Medium (EMEM) Sigma-Aldrich., USA

McCoy cells were subcultured every 72h when they had reached ~90% confluency.
To begin the subculturing process, media was removed from the tissue culture flask
and the cell monolayer was washed twice with 5ml Hanks Basic Salt Solution (HBSS;
HyClone, USA). Prewarmed Trypsin/EDTA (2.5ml; Sigma-Aldrich, USA) solution was
incubated with the cell monolayer for 2-3 minutes to detach the cells. The flask was
washed with warm E10 media (3ml), and the cell suspension was transferred to a 15ml
centrifuge tube. The flask was washed out to collect any remaining cells. The cells
were centrifuged for 7 minutes at 200 x g and the cell pellet was thoroughly
resuspended in 5ml of E10. To count the cells, 10ul of a 1:1 dilution of cell suspension
and Trypan blue (Sigma-Aldrich., USA) was loaded onto an Improved Neubauer
Chamber haemocytometer (Figure 2.1). Cells in two of the squares (indicated in blue

in Figure 2.1) were counted under a light microscope, at 40x magnification.
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Figure 2.1 An improved Neubauer chamber haemocytometer grid. Cells were counted under a light

microscope at 40x magnification. The cells observed in the squares highlighted in blue were counted.

Viability and the total number of cells were determined from these counts. McCoy cells
were consistently >99% viable, this was assessed by staining cells with trypan blue.

The following formula was used to calculate the total number of cells:

total no.cells counted

Cells/ml = X dilution factor x 10*

no.squares counted

On average, 7.6 million cells (range of 4.5-11.8 million) were obtained per 75cm? flask,
and 1 million cells were used to seed a new flask for subculture. McCoy cells were
subcultured 24h prior to any chlamydia infection experiment or every 72h for routine

maintenance.

2.2 Infection of McCoy cells and preparation of Chlamydia

trachomatis

C. trachomatis representative serovars E, H (Strain UW-43/Cx ATCC® VR-879™), L1
(strain 440 ATCC VR- 901B) and L2 (US151) were kindly provided by Drs Bronwyn

Joubert and Leonard Damelin for this dissertation (Table 2.2). To generate C.
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trachomatis stocks from previously isolated C. trachomatis, infected McCoy cell
cultures were scaled up by passage every 72h. Initially, McCoy cells were seeded in
5 wells of a 24-well plate in 500l E10 media and left for 24 hours for cells to adhere.
C. trachomatis stocks, previously prepared by Dr Rubina Bunjun (supervisor; UCT)
and provided for this study, were thawed at room temperature inside a biosafety
cabinet. E10 media (120pul) was removed from the McCoy monolayers and 120pul of
C. trachomatis stocks of unknown concentration was added to each well. A well with
no chlamydia was also included as a negative control. The 24-well plate was
centrifuged for 1h at 2500 x g at room temperature to facilitate infection (spinoculation).
The plate was immediately rested for 1h at 37°C in a 5% CO: incubator, then each
well was washed twice with 500ul sucrose-phosphate-glutamate buffer (SPG;
Appendix 1). The infected monolayers were incubated at 37°C in a 5% CO:2 incubator
for 72h in 1ml of infection media (IM; Table 2.3). Infection was monitored by the
presence of round intracellular bodies within the host cells under a light microscope
(x40) at 24 hours post infection (hpi).

Table 2.2 Origin of Chlamydia trachomatis isolates used to prepare Chlamydia trachomatis serovar E,
L1, L2 and H stocks

Chlamydia
trachomatis Type Origin of isolate
serovar
E Urogenital | Maleka et al. (169)
L1 LGV Strain 440 (ATCC VR- 901B) provided by Bronwyn
Joubert, University of KwaZulu-Natal
L2 LGV US151 provided by Bronwyn Joubert and isolated

at Prince Cyril Zulu Communicable Diseases Clinic
in Durban, South Africa.

H Urogenital | Strain UW-43/Cx [ATCC® VR-879™]

provided by Dr Leonard Damelin from the NICD.
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Table 2.3 Components of Infection Media (IM)

Component Manufacturer

E10 Described in Table 2.1
Glucose (330uM) Sigma-Aldrich., USA
Cycloheximide (0.5ug/ml) Sigma-Aldrich., USA

At 72 hpi, infected McCoy cells were scraped off the 24 well plate using a P1000
pipette tip (passage 1) and resuspended in the culture media (IM). The infected cell
culture media was split between 2 wells of fresh McCoy cell monolayers in a 6-well
plate. To ensure the cell monolayer would not dry out, the volume in each well was
adjusted to ensure a minimum of 1ml. This plate was then centrifuged at 2500 x g for
1h at room temperature and incubated for 1h at 37°C in a 5% COz2 incubator. The
monolayers were washed twice with 500ul SPG, and IM (3ml) was added to each well

and the plate incubated for 72h.

After 72h, the chlamydia culture was passaged again (passage 2), essentially as
described above. Briefly, the infected cells were lifted with a cell scraper and
resuspended in the culture media. This suspension, now referred to as C. trachomatis
stocks, was stored in 500pl aliquots in screw cap tubes, to ensure sterility. The stocks
were stored at -80°C. The step-by-step process for the preparation of C. trachomatis
stocks from initial infection to harvest is summarised in Figure 2.2, this process takes

ten days to complete.
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Four wells of a 24-well plate seeded
with McCoy cells were infected with

C. trachomatis. A mock infected well
containing no C. trachomatis was used
as a negative control. Infection was left
for 72 hours before passage 1.

QOO®-
000

Two wells of a 6-well plate seeded with
McCoy cells were infected with C.
trachomatis. Infection was left for 72
hours before passage 2.

>

A full 6-well plate seeded with McCoy
cells was infected with C. trachomatis.
Infection was left for 72 hours before
harvest.

>

00 O

HARVEST

Figure 2.2 Flow diagram for preparation of Chlamydia trachomatis stocks from previously
isolated Chlamydia trachomatis in cell culture plates. The process from initial infection of
McCoy cells with previously isolated bacteria to harvest of C. trachomatis takes ten days to

complete.
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2.3 Partial purification of Chlamydia trachomatis

Differential centrifugation was used to concentrate the chlamydia preparation. Prior to
concentrations, chlamydia stocks were cultured as described in section 2.2, with a
third passage of 4 x 6 well plates performed. The cell monolayer was scraped off the
plate and the cell suspension transferred to a 50ml centrifuge tube that was then
centrifuged at low speed for 10 minutes at 500 x g at 4°C to pellet the large host
material. The supernatant containing chlamydia, was then transferred to a 50ml high
speed centrifuge tube, and kept at 4°C while the leftover cell pellet of host material
was lysed to release any remaining C. trachomatis still within the host cell. Physical
lysis was performed by resuspending the cell pellet in 475ul SPG and passing it
through a 23G hollow needle five times. Chemical lysis was then performed by
incubating the cells with 0.25% SDS for 10 minutes at 37°C. HI-FCS (500ul) was
added to dilute out the SDS before centrifugation for 10 minutes at 500 x g at 4°C.
This supernatant was pooled with the previously collected supernatant and centrifuged
for 1 hour at 12000 x g at 4°C to pellet the chlamydia. The chlamydia pellet was then
resuspended in 1.5ml SPG, aliquoted and stored at -80°C.

2.4 Quantification of Chlamydia trachomatis infected monolayers

using microscopy

To determine the concentration of the prepared chlamydia stocks, four commercially
available C. trachomatis-specific staining kits or reagents were evaluated: (1) the
Pathfinder® Chlamydia trachomatis monoclonal antibody kit, (2) Invitrogen Chlamydia
trachomatis MOMP polyclonal antibody, (3) Invitrogen C. trachomatis MOMP
Monoclonal antibody conjugated to fluorescein isothiocyanate (FITC); and (4) the
MicroTrak® Chlamydia trachomatis Culture Confirmation Kit. Table 2.4 summarises
details for each of these kits. The Pathfinder and MicroTrak kits contained an Evans

blue counter stain whereas the Invitrogen reagents did not.
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Table 2.4 Chlamydia trachomatis culture confirmation reagents evaluated.

Kit/ Antibody | Antibody | Formulation
Manufacturer
Reagent target type
_ fluorescein-
Pathfinder® )
_ conjugated
Chlamydia ) i
_ Bio-Rad murine
trachomatis
(Hercules, MOMP Monoclonal | monoclonal
monoclonal , ,
_ CA, USA). antibody with
antibody
Evans  Dblue
counter stain
PA1-73073
Invitrogen ) antibody
_ Invitrogen ,
Chlamydia conjugated
_ (Thermo '
trachomatis _ with FITC
Fischer;
MOMP MOMP Polyclonal
Waltham,
Polyclonal
_ Massachusett
Antibody,
s, USA).
FITC
Invitrogen Invitrogen MA1-10666
Chlamydia (Thermo antibody
trachomatis | Fischer; conjugated
MOMP Monoclonal
MOMP Waltham, with LYNX kit
Monoclonal | Massachusett
Antibody s, USA).
Monoclonal
MicroTrak® o
_ antibodies
Chlamydia _
_ S labelled with
trachomatis | Trinity Biotech
MOMP Monoclonal | FITC, and
Culture (Ireland).
: . counter
Confirmation . .
_ stained  with
Kit
Evans blue
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2.4.1 Chlamydia trachomatis infection of McCoy monolayers

cultured on coverslips

Sterile Poly-L-Lysine Cellware 12mm round coverslips (Corning, USA) were placed in
24-well cell culture plates. McCoy cells were seeded at 0.1x10° in 1ml E10 per
coverslip and each staining condition set up in duplicate. After 24 hours, McCoy cell
attachment was confirmed and monolayers were infected with 120ul chlamydia at
different dilutions with SPG (1:2, 1:5 or 1:10). The plate was centrifuged for 1 hour at
2500 x g at room temperature and incubated for one hour at 37°C in a 5% CO:
incubator. The wells were washed with 1ml SPG, and 1ml infection media was added
to each well. Coverslips were stained after 48 hours of C. trachomatis infection. In all

experiments, a mock infected control was always included as a negative control.

2.4.2 Staining chlamydia-infected coverslips

A standard staining protocol was optimised for comparing the four different staining
kits and/or reagents. After 48 hpi, coverslips were gently washed twice with room
temperature 1ml phosphate-buffered saline (PBS: Sigma-Aldrich., USA). The infected
coverslips were fixed by incubation with 1ml of 95% ethanol (Sigma-Aldrich., USA) for
10 minutes at room temperature. The relevant staining reagent (30ul) was pipetted
onto parafilm (Bemis Company Inc.; United States). Coverslips were carefully lifted
from the culture plate using a needle and forceps and placed cell side down onto the
drop of reagent. Coverslips were stained in the dark for 30 minutes at room
temperature (25°C) or 37°C. Afterwards, the stained coverslips were rinsed well with
PBS, then reverse osmosis water, before mounting (Prolong Diamond mounting
reagent, Invitrogen) on a clean microscope slide. Due to the mounting reagent chosen,
the slides were left to cure overnight at room temperature in the dark. Slides were
visualised within 24h on a Zeiss LMS 510 confocal microscope (ZEISS, Germany) or
an Olympus IX71 inverted fluorescent microscope (Olympus Corporation, Japan),
where indicated. If it was not possible to image immediately, slides were temporarily
stored in the dark at 4°C and were left to equilibrise to room temperature before

imaging.
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2.4.3 4',6-diamidino-2-phenylindole (DAPI) staining

DAPI, a nuclear DNA stain, was used identify the McCoy cells in the absence of
another counterstain. Infected cell monolayers cultured on coverslips were first stained
with the C. trachomatis culture confirmation reagent as described in section 2.4.1.
Coverslips were then washed with PBS and placed cell side down on 100ul of DAPI
working stock and left to incubate for 5 minutes at room temperature. The coverslips

were washed, then mounted as previously described.

2.4.4 HI-FCS blocking

In some experiments, when troubleshooting and where indicated, HI-FCS was used
to block cell monolayers prior to staining in certain experiments to reduce non-specific
binding of antibody reagents. After fixing monolayers with ethanol, 1ml of 10% HI-FCS
in PBS was added to each well and incubated for 5 minutes at 37°C. The coverslips
were then stained, washed, and mounted as previously described in section 2.4.2. For
these experiments, C. trachomatis-specific staining antibodies were diluted in HI-FCS
instead of SPG.

2.5 Microscopy

For the Zeiss LMS 510 confocal microscope, a 100x magnification was used for
scanning the slide to choose which section of the monolayer to image, and images
were captured at 250x or 400x magnification. Tile scans (representing consecutive
fields) were generated (9x9 panels from the centre of the coverslip) to visualise a
larger area. Z-stacks were also created to better visualise inclusions within the
monolayer, four or five z-stack images were taken, and a maximum intensity projection
was generated from the z-stacks. For all confocal images taken, a scale bar was
added after capture. For the Olympus IX71 inverted fluorescent microscope, images

were captured at 60x magnification with tile scans also generated (7x7 panels).
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2.6 Data analysis

Where staining was determined successful after visualization under the microscope,
Image J software (FIJI, developed at the National Institutes of Health, Bethesda, MD)
was used to count the number of C. trachomatis inclusions from the images. First, the
images were split into the red, green, and blue colour channels, resulting in individual
black and white images for each channel. Since we were only interested in C.
trachomatis, the green fluorescent channel image was used for analysis. A threshold
was set empirically to count the C. trachomatis inclusion bodies and exclude low level
background fluorescence. This threshold was kept constant for each experiment (low-
end threshold was 60-65 and high-end was 255). Once the threshold was established,
the number of particles (i.e., inclusion bodies) was counted using the Image J “analyze

particles” algorithm.

The concentration of chlamydia (in infectious units per ml; IFU/ml) was calculated
using the following equation adapted from Scidmore (15), where Fields per coverslip
corresponds to the area of the tile scan and was calculated using the scale bar to
convert pixels to ym.

IFU/mI= average no. inclusions x dilution factor x fields/coverslip volume inoculum (ml)

Where: fields/coverslip= cover slip surface area (mm) area of field/tile scan (mm)

AND: 12mm coverslip surface area = Tir2 = 3.142 x 62 = 113.11mm?
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Chapter 3: Results
3.1 Propagation of Chlamydia trachomatis

Before comparing the ability of the different kits to detect and count C. trachomatis
bacteria, laboratory stocks of each C. trachomatis representative serovar were
prepared and stored at -80°C. All serovars of C. trachomatis were cultured in McCoy

cells.

3.1.1 Morphological features of CT infected cells

Visible changes were evident in the McCoy monolayers using a light microscope,
including changes in the shape of McCoy cells (from spindle-shaped to rounded with
visible inclusions present) and lifting of the monolayer on the edges of the well (Table
3.1). Compared to L1 and L2, infection with the urogenital C. trachomatis strains E
and H tended to cause more cytopathicity, with McCoy cells lifting more and the cell
membrane no longer intact. C. trachomatis serovars E, L1 and L2 were subsequently
used for all further experiment to evaluate reagents for the detection and quantification

of C. trachomatis in vitro.

Table 3.1 Laboratory stocks of Chlamydia trachomatis generated from previously isolated serovars
(urogenital or LGV) and their effect on the McCoy cell monolayer during infection.

Chlamydia
trachomatis Type Effect on McCoy cell monolayer
serovar

E Urogenital Caused monolayer to lift on edges and middle of
the well and cells to become rounded, cell
membranes no longer intact.

L1 LGV Did not cause monolayer to lift and cells were
more spindle-shaped than serovar E and H.

L2 LGV Did not cause monolayer to lift and cells were
more spindle-shaped than serovar E and H.
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H Urogenital Caused monolayer to lift at edges of the well and

cells to become rounded, cell membranes no

longer intact.

3.2.1 Pathfinder® Chlamydia trachomatis direct specimen kit

The Pathfinder® C. trachomatis direct specimen kit (Bio-Rad, United States),
consisted of a FITC-conjugated murine monoclonal antibody against MOMP, with an
Evans Blue counterstain. McCoy cells were infected with C. trachomatis serovar E
stocks, stained after 48h by confocal microscopy. Using the Pathfinder® C.
trachomatis direct specimen kit, green fluorescent inclusions typical of C. trachomatis
growth in culture were evident within McCoy cells infected with C. trachomatis serovar
E at both 1:20 and 1:50 dilution of the antibodies while mock infected cells exhibited
little green fluorescence (Figure 3.1). In addition, morphological differences were
evident between infected cells and mock infected cells, with infected cells being
rounded with inclusions present and the mock infected cells being spindle shaped.
The monolayer was more even in mock infected than C. trachomatis-infected McCoy
cells. Although C. trachomatis was detected using the Pathfinder® kit, monolayers had
high backgrounds in the green channel at both 1:20 and 1:50 dilutions, likely due to
non-specific binding. Although the 1:20 antibody dilution allowed for better
visualization of inclusion bodies when compared to the 1:50 dilution, individual

inclusion bodies were difficult to distinguish in this assessment of the reagent.
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Infected Cells Infected Cells
(Antibody Dilution 1:20) (Antibody Dilution 1:50)

Mock Infected Cells

Red
(Evans Blue)

Green
(Fluorescein)

Merge

Figure 3.1 Fluorescent microscopy images of Chlamydia trachomatis serovar E infected McCoy cells
after staining with the Pathfinder kit, indicating high levels of background at 1:20 and 1:50 Ab dilution.
Cells are represented in red and Chlamydia trachomatis serovar E in green. A 40x objective was used

to take these images. Scale bar = 20um for infected cells and 100um for uninfected cells.

To reduce the background, temperature of staining was compared (25°C versus 37°C)
and green fluorescence was detected at both 25°C and 37°C (Figure 3.2A and 3.2B).
However, C. trachomatis inclusions were dim and blurry at both temperatures and the
contrast between McCoy cells and inclusions were similar at both staining

temperatures and the background remained high.
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Figure 3.2 Fluorescent microscopy images of Chlamydia trachomatis serovar E infected McCoy cells after
staining with the Pathfinder kit at different incubation temperatures (A) room temperature and at (B) 37°C.
Images were captured using a confocal microscope. Circles indicate Chlamydia trachomatis inclusion
bodies within an infected McCoy cell. A 40x objective was used to take these images. Scale bar = 20um

for all conditions.
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3.2.2 Invitrogen Chlamydia trachomatis MOMP antibodies

The next reagents evaluated were the Invitrogen C. trachomatis MOMP polyclonal and
monoclonal antibodies, which recognised C. trachomatis MOMP. Dilutions of 1:25 and
1:50 were compared to determine the optimal concentration of antibody. Since no
counterstain was included, DAPI was used to stain the nuclear DNA of the host McCoy
cells. All staining was performed at room temperature. Using these polyclonal
antibodies, C. trachomatis serovar E inclusion bodies were visible at both 1:25 and
1:50 dilution (Figure 3.3A and B, respectively). Although signal was detectable, C.
trachomatis inclusions were poorly visible and individual inclusions were difficult to

detect. Therefore, accurate counting of bacteria was not possible with this approach.

Figure 3.3 Representative fluorescent microscopy images after staining serovar E infected McCoy cells

with Invitrogen polyclonal antibody at a dilution of (A) 1:25 and (B) 1:50 (green fluorescent channel only).
Chlamydia trachomatis serovar E inclusions are visible in green (FITC) and the nuclear DNA in blue

(DAPI). A 40x objective was used to take these images.

With the rationale that cytopathicity of the C. trachomatis isolates and McCoy cell
death may be contributing to high backgrounds and non-specific binding of the
reagents, the less cytotoxic LGV serovars L1 and L2 were next used to infect
monolayers using the same staining protocol and antibody dilution Figure 3.4 shows
few inclusions within the cells after infection with serovar L2. However, individual
discrete inclusions were difficult to visualize. These images, although clear with low

levels of background, could not be counted.
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A/-

Figure 3.4 Fluorescent microscopy images after staining Chlamydia trachomatis infected McCoy cells

with Invitrogen polyclonal antibody at a dilution of 1:25. Chlamydia trachomatis serovar L2 inclusions
are visible in green (FITC) and the nuclear DNA in blue (DAPI). Arrow A representing a distinct inclusion

body and arrow B representing diffuse inclusion bodies. A 40x objective was used to take these images.

Because the DAPI counterstain fluorescence signal was bright compared to the
fluorescence of the C. trachomatis inclusions, the experiment was next repeated using
serovars E and L2 but without DAPI. Under these conditions, chlamydia inclusions
were more clearly visible and background fluorescence was minimal (Figure 3.5).
Using the equation adapted from Scidmore (4, Section 2.6), the concentration of C.
trachomatis serovar E were determined to be 6.1x10° IFU/ml (for the partially purified
batch) and 1.34x10° IFU/ml (for the stock) (Table 3.2). C. trachomatis serovar L2 was
determined to have a concentration of 5.9x10% IFU/ml. Although the polyclonal
antibody method allowed quantification, this could not be reproduced in subsequent
experiments, and was considered unreliable (temperamental) as a detection method

for further quantification experiments.
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Figure 3.5 Representative fluorescent microscopy images of Chlamydia trachomatis infected McCoy cells

stained with Invitrogen polyclonal antibody at a dilution of 1:25. (A) Partially purified Chlamydia trachomatis
Serovar E (B) Chlamydia trachomatis Serovar E stock (C) Chlamydia trachomatis Serovar L2 stock.
Chlamydia trachomatis is visible in green (FITC). A 40x objective was used to take these images. Scale
bar = 100um.

Table 3.2 Quantification of Chlamydia trachomatis serovar E and L2 stocks after staining with
Invitrogen polyclonal antibody

Chlamydia
) o Area of ) )
Chlamydia | No. Dilution ) Fields/cove | trachomatis
) ) Image Pixel to um . )
trachomatis | Inclusions factor ) rslip Concentrati
(Pixels)
on (IFU/ml)
C.
trachomatis
) 623 5 956x956 1.25 195 6.1x10°
E partial
purification
C.
trachomatis | 356 2 1004x1004 | 1.3 188.5 1.3x10°
E stock
C.
trachomatis | 144 2 968x968 1.3 205.7 5.9x10*
L2 stock
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Next, the Invitrogen monoclonal antibody was tested, with the rationale that a
monoclonal would bind more specifically to MOMP as it only recognises one unique
epitope. Despite this, high background fluorescence and non-specific binding was
observed with this reagent which interfered with counting of the inclusion bodies. Due
to high background and non-specific staining, the monoclonal antibody reagent was

abandoned as a method of quantification.

3.2.3 MicroTrak® Chlamydia trachomatis culture confirmation kit

The final reagent evaluated was the Trinity Biotech MicroTrak C. trachomatis culture
confirmation kit, which has been the most widely used kit in research settings (170—
174). Using the Micro Trak system, C. trachomatis serovar L1 and E inclusions were
visible as bright green, fluorescent dots in the infected cells (Figure 3.6 and 3.7,
respectively), which were clearly absent in the mock infected cells. Low levels of
background were present and individual inclusions were clear and distinct from one
another. There was also a clear distinction between the green of the inclusion bodies

and the red counterstain of the McCoy cells.
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Chlamydia Mock
infected cells infected cells

Figure 3.6 Representative confocal microscopy images of Chlamydia trachomatis serovar L1 infected

Red (Evans Blue)

Green (FITC)

Merge

cells after staining with the MicroTrak kit. Cells are visible in red (Evans Blue) and Chlamydia
trachomatis serovar L1 bacteria are visible in green (FITC). The merged panel contains transmitted
light. A 40x water objective was used to take these images. Multiple images were captured as tile scans
to examine a larger area. The resolution of the tile scans was reduced to count Chlamydia trachomatis

inclusions. Scale bar = 200um for infected cells and 20um for the uninfected cells.
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Figure 3.7 Confocal microscopy images of Chlamydia trachomatis serovar E infected McCoy cells.
Cells are visible in red (Evans Blue) and Chlamydia trachomatis serovar E bacteria are visible in green

(FITC). A 40x water objective was used to take these images. Scale bar = 20um

Using the Micro Trak staining system, the concentration of C. trachomatis serovar L1
stocks and partially purified serovar E was calculated to be 2.3x10° IFU/ml and 5.1
x10° IFU/ml, respectively (Table 3.3).

Table 3.3 Quantification of Chlamydia trachomatis serovar L1 and E using the MicroTrak kit

Chlamydia | No. Dilution | Area of | Pixel | Fields/coverslip | IFU/mI
trachomatis | inclusions | factor | Field to

Serovar (pixels) gm

L1 1091 12 795x530 0.8 171.9 2.3x10°
E 1116 2 1143x1143 | 5 2262.2 5.1x10°

At higher magnification, clear morphological differences between C. trachomatis
serovar E infected and uninfected cells were observed (Figure 3.8). The infected
McCoy cells were more rounded in shape when compared to the more intact, spindle-
shaped, mock infected cells. C. trachomatis inclusions within the McCoy cells were
evident. Many C. trachomatis bacteria were visible within the inclusion bodies, which

were intact at 48hpi. No background fluorescence was seen in the mock control.
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Figure 3.8 Confocal microscopy images of Chlamydia trachomatis infected McCoy
cells stained with the MicroTrak kit. Cells are visible in red (Evans blue) and
Chlamydia trachomatis serovar E in green (FITC). A 40x water objective was used to

take these images. Scale bar = 10um for infected cells and 20um for uninfected cells.
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Despite the MicroTrak staining kit producing robust and reproducible results (with low
background, clear cells and bright, discrete staining of C. trachomatis inclusion
bodies), the commercial kit was discontinued in South Africa and internationally in
2018.

Although the MicroTrak kit performed most reliably, |1 conclude that the Invitrogen
polyclonal antibody could be explored as an alternative for routine microscopic C.
trachomatis quantification, with further optimization and standardisation. The most
common technical issue that hampered microscopic quantitation of C. trachomatis in
this study was the high levels of background green fluorescence, seen in both the

Pathfinder Kit and Invitrogen monoclonal antibodies.
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Chapter 4. Discussion

C. trachomatis remains the most common bacterial STI worldwide, with a high
prevalence in SSA women (175). C. trachomatis infection is typically characterised by
genital inflammation (176), particularly if untreated, which increases HIV risk (13,177).
Despite decades of research, many aspects of the pathogenesis of C. trachomatis and
disease in women are not fully understood about pathogenicity and immune
protection. Comprehending the impact of C. trachomatis strain variation in
pathogenicity and symptoms in women is therefore a major priority. To better
understand and compare C. trachomatis serovars intracellular pathways within host
cells, this dissertation compared several commercially available fluorescent
microscopy reagents to visualise and quantify C. trachomatis cultured in McCoy cell
culture. At the initiation of this project, the objective was to establish a laboratory
method to quantitatively evaluate C. trachomatis strain-associated differences in
intracellular pathogenicity of C. trachomatis laboratory strains compared to novel
clinical isolates. The COVID-19 pandemic significantly restricted access to core lab
infrastructure needed for this project and resulted in modifications to the original aims
as it was not possible to expand the project to include novel clinical isolates as initially
proposed. Despite these unforeseen restrictions, this dissertation compared four
different commercially available fluorescence imaging-based C. trachomatis kits for
their ability to visualise and quantitate laboratory C. trachomatis strains. Findings
presented in this study showed significant differences in both the specificity and
reproducibility of the commercially available C. trachomatis kits. Although the
MicroTrak kit performed significantly better than the other three kits, ultimately global
access to reagents to enable accurate visualisation of C. trachomatis in culture

represented a major hurdle that needs to be considered.

In the past, giemsa and iodine stains were routinely used for detection of C.
trachomatis cultured for diagnostic purposes (102), requiring trained technicians to
interpret results as inclusion bodies were difficult to differentiate microscopically.
These methods are rarely used today due to lack of sensitivity in comparison to
fluorescent staining (98), which has increased sensitivity significantly (99) as inclusion
bodies are clearer and easier to distinguish even with an untrained eye. Fluorescence-

based methods to estimate C. trachomatis concentrations and intracellular trafficking
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have increasingly been replaced by NAATs. These are more sensitive and specific
than any of the previous microscopic based methods (2), which typically use qPCR
primers for the quantification of the ompA gene that codes for MOMP (178,179). Since
there is only one copy of ompA in the C. trachomatis genome, this specific sequence
is considered a good target (180). Although NAATS have significant advantages, this
dissertation focused on evaluating fluorescence-based methods only, as an aim was

to visualise intracellular inclusions and cytopathogenicity of C. trachomatis isolates.

4.1 Only one out of three tested reagents enabled Chlamydia

trachomatis quantification

To quantify C. trachomatis stocks as well as study the pathobiology of C. trachomatis
in vitro, this dissertation compared several commercially available fluorescent
microscopy reagents to visualise and quantify intracellular C. trachomatis propagated
in tissue culture, including the Pathfinder® C. trachomatis direct specimen kit, the
Invitrogen Chlamydia trachomatis anti-MOMP monoclonal and polyclonal antibodies,
and the Trinity Biotech MicroTrak® Chlamydia trachomatis culture confirmation kit. Of
these, the MicroTrak kit performed consistently and reliably allowing for clear

fluorescent visualisation of chlamydia.

Pathfinder and Invitrogen

Staining with the Pathfinder kit and Invitrogen monoclonal antibodies resulted in high
background fluorescence, likely due to non-specific binding of the antibodies (181).
Individual C. trachomatis inclusion bodies within McCoy cells were difficult to
distinguish. Non-specific binding of antibodies occurs when an antibody binds to an
alternate protein epitope, different to that of the specifically targeted epitope, which
creates difficulty in observing the intended protein target due to high background
observed. As non-specific binding can be reduced by altering staining temperature,
antibody concentrations and addition of exogenous protein, staining with the
Pathfinder kit was compared at various temperatures, dilutions, and added protein
concentrations. None of these adjustments to antibody staining conditions reduced

the background fluorescence or improved resolution of specific C. trachomatis
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inclusion bodies, so the Pathfinder kit and reagents was not considered appropriate

for further testing.

In addition to the monoclonal antibody reagents tested, the Invitrogen polyclonal
antibody was also compared. The Invitrogen polyclonal antibody allowed for
successful quantification of C. trachomatis in initial experiments with serovar E, but

these results were not reproducible in subsequent experiments.

MicroTrak C. trachomatis kit

C. trachomatis quantification was found to be reproducible with the MicroTrak kit
although the kit was discontinued in 2018 by the manufacturers. Images of C.
trachomatis infected McCoy cells were clear, with low background and distinct
inclusions. Compared to the other reagents, the MicroTrak kit for C. trachomatis
detection was more widely used in previous studies for C. trachomatis culture
confirmation (Trinity Biotech). Quantification of C. trachomatis with the MicroTrak kit

was reproducible, regardless of cell condition and infecting serovar.

4.2 Cell culture considerations and pathogenicity associated with

Chlamydia trachomatis infection

C. trachomatis is known to be cytotoxic in cell culture (92), although it does require
survival of the host cell in order to replicate and produce high yields of progeny (185).
In the experiments presented here, it was evident that host cells had undergone
apoptosis, as they were visibly “fluffy”, without distinct borders. Despite cytotoxicity,

individual C. trachomatis inclusions remained clear using the MicroTrak system.

Cycloheximide, a protein synthesis inhibitor in eukaryotes (93), is routinely added to
C. trachomatis culture experiments because it increases C. trachomatis yield by
partially inhibiting host cell metabolism (94). As cycloheximide has been reported to
be toxic to host cells under certain conditions and for prolonged culture (94), the
concentration of cycloheximide added to the cultures was considered as a factor
contributing to cytopathicity in this study. The concentration of cycloheximide used

during cell culture in this study was always adjusted to be less than 1ug/ml. Thus, it
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was unlikely that the concentration of cycloheximide played a role in the unsuccessful
guantification attempts where high background prevented discrimination of individual
bacteria for counting. The intention was to balance the concentration of cycloheximide
added and the seeding cell concentration to ensure optimal C. trachomatis

propagation without high cytotoxicity.

4.3 Limitations and alternative approaches

While microscopy and other immunofluorescence techniques allow for single-cell
analysis and quantification of viable chlamydia, there are important limitations to these
methods that need to be acknowledged. Microscopic approaches are sometimes
difficult to optimise, are reagent dependent and require infrastructure, equipment and
well-trained personnel (186). Although this study compared various commercial
reagents for microscopic visualisation of C. trachomatis, only the MicroTrak was
reproducible, unfortunately manufacturers discontinued this kit in 2018. Therefore,
access to reproducible and accurate reagents to stain intracellular C. trachomatis was
one of the biggest challenges identified. Trinity Biotech (the company that supplied the
MicroTrak kit), based in Ireland, now only supplies a C. trachomatis IgG ELISA and
no C. trachomatis antigen-based tests. Trinity Biotech was contacted during this study,
although the company did not provide more detail as to why the kit was discontinued

globally.

Flow cytometry based methods can be used for bacterial quantification (187), and has
been successfully used to study larger, rod-shaped bacteria such as E.coli [(196)
which has a length of ~1-2 ym (190)] and Mycobacterium tuberculosis (with a length
of 1.5-4.0 ym (191,192)]. Flow cytometric assays are commonly used to study
intracellular M. tuberculosis where host cells are permeabilised and stained with anti-
mycobacteria antibodies (193,194). Similar assays for chlamydia are also in
development, using monoclonal antibodies against C. trachomatis serovar D LPS,
although a relatively high multiplicity of infection (MOI) is required which may cause
apoptosis of host cells and consequent high background (195). However, similarly to

immunofluorescence microscopy, flow cytometry for C. trachomatis requires well-
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trained technicians and expensive equipment, making it less accessible in low-middle

income settings.

Although this study intentionally compared imaging based reagents for C. trachomatis
guantification following tissue-culture infection, a method that should be explored in
future is gPCR (196). qPCR has been used to diagnose infections, including
chlamydia, due to the high specificity and sensitivity. In cell culture, qPCR has been
successfully used to amplify and detect nucleic sequences unique to C. trachomatis
with specificity and high sensitivity (2). In addition to indicating the presence or
absence of a pathogen, the absolute or relative quantities of a known sequence in a
sample can be determined by qPCR (197).

Another approach is to use genetically modified C. trachomatis strains, that are
fluorescently tagged with FITC, mCherry or GFP (198,199). These fluorescent C.
trachomatis strains have also been used in studies to confirm presence of infection,
the bacteria’s response to cytokines such as IFN-y, and even allow for real-time
monitoring of the infection cycle as well as screen for agents that block C. trachomatis
replication (198-200). Transfection experiments using laboratory strains could be
investigated for quantification purposes. However, this method is limited since clinical
strains would have to be modified, which defeats the purpose of studying clinical vs
laboratory strains. Similarly, the immunofluorescence In-Cell Western (ICW) assay
could also be used to quantify C. trachomatis in future experiments. This novel
approach quantifies immunofluorescence signals, using specific primary antibodies,
from proteins in fixed cultures. The Odyssey CLx imager is then used to quantify the
fluorescence signal intensity. This method is sensitive, reproducible and operator
independent. The protocol only requires 4 hours work and allows for high-throughput
screening, offering a great alternative to fluorescent microscopy (201). This method
has already been successfully applied to C. trachomatis antimicrobial susceptibility
testing and has the potential to be applied to cell proliferation, gene expression and

viral titration assay in the future (202).

Lastly, another approach that minimises operator bias, utilising an automated
microplate ImmunoSpot reader can be explored for quantification purposes. Wang et.

al (203) developed this novel approach, which uses anti-C. trachomatis LPS
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monoclonal antibody and a biotinylated secondary antibody to detect the bacteria.
Individual inclusion bodies are counted using the Immunospot Series 1l Analyzer and
are comparable to those determined by traditional microscopic counting methods.
Similarly, Keck et al. (204) has utilised the Immunospot S6 Universal Analyzer and
Immunospot Easy-Count software for quantification of C. muridarum, indicating this
automated approach’s potential for future microbiological research using various

chlamydia biovars or serovars.

4.4 Importance of continued laboratory research for chlamydial drug

and vaccine development

Although efficacious treatments exist for STI management, antimicrobial resistance
(AMR) has become a particular threat to the control of STIs globally (141). AMR
specifically to N. Gonorrhoea is a huge public health issue, as the bacteria has become
a superbug resistant to both previously and currently recommended antimicrobials
(205). Currently AMR to C. trachomatis is rare, however evidence from clinical
treatment failures indicate that some bacterial isolates have demonstrated drug
resistance in vitro, highlighting the concern with possible AMR and current treatment
options (206). Thus, research into antimicrobial susceptibility testing for the detection
of possible drug resistance is of importance and C. trachomatis propagated in the
laboratory can be used for such experiments(207). Laboratory propagated bacteria
can also be utilised to determine the therapeutic index of potential drugs for pre-clinical
studies (208).

With the rise of AMR and the increasing prevalence of C. trachomatis infections
despite public health interventions, the development of a C. trachomatis vaccine is
paramount for the control of disease. Microbiological research will aid in the evaluation
of vaccine responses for different antigen preparations in vitro before pre-clinical trials
can begin (46).
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Conclusion

In conclusion, this study clearly demonstrates that the C. trachomatis MicroTrak kit
was the most reproducible kit for detecting and quantifying C. trachomatis in tissue
culture, compared to three other commercially available fluorescent detection
reagents. The other reagents gave inconsistent and/or unreliable results. Although this
dissertation focused exclusively on immunofluorescence staining and microscopy as
a method to confirm and quantify C. trachomatis propagation in McCoy cells, the
inconsistent results from this study suggest that future studies should explore

alternative molecular methods to quantify C. trachomatis, such as qPCR.

53



10.

11.

References

Poston TB, Gottlieb SL, Darville T. Status of vaccine research and development of vaccines
for Chlamydia trachomatis infection. Vaccine [Internet]. 2017; Available from:
http://dx.doi.org/10.1016/j.vaccine.2017.01.023

Manavi K. 7 A review on infection with Chlamydia trachomatis. Best Pract Res Clin Obstet
Gynaecol [Internet]. 2006 [cited 2020 Apr 13];20(6):941-51. Available from:
http://www.sciencedirect.com

Huai P, Li F, Chu T, Liu D, Liu J, Zhang F. Prevalence of genital Chlamydia trachomatis
infection in the general population: a meta-analysis. BMC Infect Dis [Internet]. 2020 Dec
8;20(1):589. Available from: https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-
020-05307-w

de Oliveira T, Kharsany ABM, Graf T, Cawood C, Khanyile D, Grobler A, et al. Transmission
networks and risk of HIV infection in KwaZulu-Natal, South Africa: a community-wide
phylogenetic study. Lancet HIV. 2017 Jan 1;4(1):e41-50.

Dellar RC, Dlamini S, Karim QA. Adolescent girls and young women: Key populations for HIV
epidemic control. Vol. 18, Journal of the International AIDS Society. International AIDS
Society; 2015. p. 64-70.

Barnabas SL, Dabee S, Passmore J-AS, Jaspan HB, Lewis DA, Jaumdally SZ, et al.
Converging epidemics of sexually transmitted infections and bacterial vaginosis in southern
African female adolescents at risk of HIV. Int J STD AIDS [Internet]. 2017;095646241774048.
Available from: http://journals.sagepub.com/doi/10.1177/0956462417740487

Garrett NJ, Osman F, Maharaj B, Naicker N, Gibbs A, Norman E, et al. Beyond syndromic
management: Opportunities for diagnosis-based treatment of sexually transmitted infections in
low- and middle-income countries. PLoS One [Internet]. 2018 [cited 2019 May 18];13(4).
Available from: https://doi.org/10.1371/journal.pone.0196209

Jongen VW, Schim van der Loeff MF, Botha MH, Sudenga SL, Abrahamsen ME, Giuliano AR.
Incidence and risk factors of C. trachomatis and N. gonorrhoeae among young women from
the Western Cape, South Africa: The EVRI study. Peters RP, editor. PLoS One [Internet].
2021 May 3;16(5):e0250871. Available from: http://dx.doi.org/10.1371/journal.pone.0250871
Kularatne RS, Niit R, Rowley J, Kufa-Chakezha T, Peters RPH, Taylor MM, et al. Adult
gonorrhea, chlamydia and syphilis prevalence, incidence, treatment and syndromic case
reporting in South Africa: Estimates using the Spectrum-STI model, 1990-2017. PLoS One.
2018;13(10):1-22.

Buckner LR, Amedee AM, Albritton HL, Kozlowski PA, Lacour N, McGowin CL, et al.
Chlamydia trachomatis Infection of Endocervical Epithelial Cells Enhances Early HIV
Transmission Events. Dean D, editor. PLoS One [Internet]. 2016 Jan 5 [cited 2018 Apr
2];11(1):e0146663. Available from: http://dx.plos.org/10.1371/journal.pone.0146663

Galvin SR, Cohen MS. The role of sexually transmitted diseases in HIV transmission [Internet].

54



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Vol. 2, Nature Reviews Microbiology. 2004 [cited 2018 Apr 3]. p. 33—42. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/15035007

Thurman AR, Kimble T, Herold B, Mesquita PMM, Fichorova RN, Dawood HY, et al. Bacterial
Vaginosis and Subclinical Markers of Genital Tract Inflammation and Mucosal Immunity. AIDS
Res Hum Retroviruses. 2015;31(11):1139-52.

Masson L, Passmore JAS, Liebenberg LJ, Werner L, Baxter C, Arnold KB, et al. Genital
Inflammation and the Risk of HIV Acquisition in Women. Clin Infect Dis [Internet]. 2015 Jul 15
[cited 2018 Mar 26];61(2):260-9. Available from: https://academic.oup.com/cid/article-
lookup/doi/10.1093/cid/civ298

Arnold KB, Burgener A, Birse K, Romas L, Dunphy LJ, Shahabi K, et al. Increased levels of
inflammatory cytokines in the female reproductive tract are associated with altered expression
of proteases, mucosal barrier proteins, and an influx of HIV-susceptible target cells. Mucosal
Immunol. 2016;9(1):194—205.

Scidmore MA. Cultivation and Laboratory Maintenance of Chlamydia trachomatis. In: Current
Protocols in Microbiology [Internet]. Hoboken, NJ, USA: John Wiley & Sons, Inc.; 2005. p. 1—
25. Available from: http://doi.wiley.com/10.1002/9780471729259.mc11a01s00

Borel N, Polkinghorne A, Pospischil A. A Review on Chlamydial Diseases in Animals: Still a
Challenge for Pathologists? Vet Pathol [Internet]. 2018 May 8 [cited 2021 Mar 24];55(3):374—
90. Available from: http://journals.sagepub.com/doi/10.1177/0300985817751218

Burnard D, Polkinghorne A. Chlamydial infections in wildlife—conservation threats and/or
reservoirs of ‘spill-over’ infections? [Internet]. Vol. 196, Veterinary Microbiology. Elsevier B.V.;
2016 [cited 2021 Mar 24]. p. 78-84. Available from:
http://dx.doi.org/10.1016/j.vetmic.2016.10.018

Dharamshi JE, Tamarit D, Eme L, Jgrgensen SL, Spang A, Correspondence TJGE. Marine
Sediments Illluminate Chlamydiae Diversity and Evolution. Curr Biol [Internet]. 2020 [cited
2021 Mar 24];30. Available from: https://doi.org/10.1016/j.cub.2020.02.016

Su H, Raymond L, Rockey DD, Fischer E, Hackstadt T, Caldwell HD. A recombinant
Chlamydia trachomatis major outer membrane protein binds to heparan sulfate receptors on
epithelial cells. Proc Natl Acad Sci U S A [Internet]. 1996 Oct 1 [cited 2019 May
28];93(20):11143-8. Available from: http://www.ncbi.nIm.nih.gov/pubmed/8855323

Haranaga S, Yamaguchi H, Friedman H, Izumi S-I, Yamamoto Y, 33612 F. Chlamydia
pneumoniae Infects and Multiplies in Lymphocytes In Vitro. Infect Immun. 2001;69(12):7753—
9.

Kuo C, Stephens RS, Bavoil PM, Kaltenboeck B. Chlamydia. In: Bergey’s Manual of
Systematics of Archaea and Bacteria [Internet]. Wiley; 2015. p. 1-28. Available from:
https://iwww.jaypeedigital.com/book/9789352500185/chapter/ch24

Caldwell HD, Kromhout J, Schachter J. Purification and partial characterization of the major
outer membrane protein of Chlamydia trachomatis. Infect Immun [Internet]. 1981 Mar [cited
2018 Oct 20];31(3):1161-76. Available from:
https://www.ncbi.nIm.nih.gov/pmc/articles/PMC351439/pdf/iai00167-0327.pdf

55



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Ossewaarde JM, Rieffe M, de Vries A, Derksen-Nawrocki RP, Hooft HJ, van Doornum GJ, et
al. Comparison of two panels of monoclonal antibodies for determination of Chlamydia
trachomatis serovars. J Clin Microbiol [Internet]. 1994 Dec 1 [cited 2018 Jul 29];32(12):2968—
74. Available from: http://www.ncbi.nlm.nih.gov/pubmed/7883884

Bandea ClI. Typing of Chlamydia trachomatis strains from urine samples by amplification and
sequencing the major outer membrane protein gene (ompl). Sex Transm Infect [Internet].
2001 Dec 1;77(6):419-22. Available from: https://sti.bmj.com/lookup/doi/10.1136/sti.77.6.419
Bébéar C, de Barbeyrac B. Genital Chlamydia trachomatis infections. Clin Microbiol Infect
[Internet]. 2009 Jan 1 [cited 2019 Jun 20];15(1):4-10. Available from:
https://www.sciencedirect.com/science/article/pii/S1198743X14605978

Brunham RC, Rey-Ladino J. Immunology of Chlamydia infection: implications for a Chlamydia
trachomatis vaccine. Nat Rev Immunol [Internet]. 2005 Feb 1 [cited 2018 Jun 23];5(2):149.
Available from: http://www.nature.com/doifinder/10.1038/nri1551

Yuan Y, Zhang Y-X, Watkins NG, Caldwell HD. Nucleotide and Deduced Amino Acid
Sequences for the Four Variable Domains of the Major Outer Membrane Proteins of the 15
Chlamydia trachomatis Serovars [Internet]. Vol. 57, INFECTION AND IMMUNITY. 1989 [cited
2018 Oct 20]. Available from: http://iai.asm.org/

Litwin J, Officer JE, Brown A, Moulder JW. A Comparative Study of the Growth Cycles of
Different Members of the Psittacosis Group in Different Host Cells [Internet]. Vol. 109, Source:
The Journal of Infectious Diseases. [cited 2019 May 19]. Available from:
https://www.jstor.org/stable/pdf/30099350.pdf?refreqid=excelsior%3A54df90ac8ac32461ccOce
0ee8186d869

AbdelRahman YM, Belland RJ. The chlamydial developmental cycle. Vol. 29, FEMS
Microbiology Reviews. No longer published by Elsevier; 2005. p. 949-59.

Nunes A, Gomes JP, Mead S, Florindo C, Correia H. Comparative Expression Profiling of the
Chlamydia trachomatis pmp Gene Family for Clinical and Reference Strains. PLoS One
[Internet]. 2007 [cited 2019 May 19];2(9):878. Available from:
http://www.fruitfly.org/seq_tools/promot-

Guseva N V., Dessus-Babus S, Moore CG, Whittimore JD, Wyrick PB. Differences in
Chlamydia trachomatis serovar E growth rate in polarized endometrial and endocervical
epithelial cells grown in three-dimensional culture. Infect Immun. 2007;75(2):553—-64.
Linhares IM, Witkin SS. Immunopathogenic consequences of Chlamydia trachomatis 60 kDa
heat shock protein expression in the female reproductive tract. Cell Stress Chaperones.
2010;15(5):467-73.

Liu X, Afrane M, Clemmer DE, Zhong G, Nelson DE. Identification of Chlamydia trachomatis
Outer Membrane Complex Proteins by Differential Proteomics 1. J Bacteriol.
2010;192(11):2852-60.

Liechti GW, Kuru E, Hall E, Kalinda A, Brun Y V., Vannieuwenhze M, et al. A new metabolic
cell-wall labelling method reveals peptidoglycan in Chlamydia trachomatis. Nature.
2014;506(7489):507-10.

56



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Sixt B, Valdivia R, Kroemer G. Chlamydia trachomatis’ struggle to keep its host alive. Microb
Cell [Internet]. 2017;4(3):101—4. Available from:
http://microbialcell.com/researcharticles/chlamydia-trachomatis-struggle-to-keep-its-host-alive
Bugalhdo JN, Mota LJ. The multiple functions of the numerous chlamydia trachomatis
secreted proteins: The tip of the iceberg [Internet]. Vol. 6, Microbial Cell. 2019 [cited 2021 Mar
22]. p. 414-49. Available from: www.microbialcell.com

Ford C, Nans A, Boucrot E, Hayward RD, Welch MD. Chlamydia exploits filopodial capture
and a macropinocytosis-like pathway for host cell entry Author summary. 2018 [cited 2021 Mar
22]; Available from: https://doi.org/10.1371/journal.ppat.1007051

Zhong G. Killing me softly: chlamydial use of proteolysis for evading host defenses [Internet].
Vol. 17, Trends in Microbiology. 2009 [cited 2018 Mar 26]. p. 467—74. Available from:
https://ac-els-cdn-com.ezproxy.uct.ac.za/S0966842X09001607/1-s2.0-S0966842X09001607-
main.pdf?_tid=25c8757e-45bf-41d7-a392-

alb925359fe7&acdnat=1522066168 e73043a130c7a6bd12f3764c581363f0

AbdelRahman YM, Belland RJ. The chlamydial developmental cycle: Figure 1. FEMS
Microbiol Rev [Internet]. 2005 Nov [cited 2019 Jan 29];29(5):949-59. Available from:
www.fems-microbiology.org

Beatty WL, Morrison RP, Byrne Gl. Persistent chlamydiae: From cell culture to a paradigm for
chlamydial pathogenesis [Internet]. Vol. 58, Microbiological Reviews. 1994 [cited 2020 Aug 2].
p. 686—99. Available from: http://mmbr.asm.org/

Stephens RS, Kalman S, Lammel C, Fan J, Marathe R, Aravind L, et al. Genome sequence of
an obligate intracellular pathogen of humans: Chlamydia trachomatis. Science (80- ).
1998;282(5389):754-9.

Joseph SJ, Didelot X, Rothschild J, De Vries HIC, Morré SA, Read TD, et al. Population
genomics of chlamydia trachomatis: Insights on drift, selection, recombination, and population
structure. Mol Biol Evol. 2012;29(12):3933-46.

Borges V, Pinheiro M, Antelo M, Sampaio DA, Vieira L, Ferreira R, et al. Chlamydia
trachomatis In Vivo to In Vitro Transition Reveals Mechanisms of Phase Variation and Down-
Regulation of Virulence Factors. Ojcius DM, editor. PLoS One [Internet]. 2015 Jul
24;10(7):e0133420. Available from: https://dx.plos.org/10.1371/journal.pone.0133420

Bavoil P, Ohlin A, Schachter J, Shaltiel ; L, Thesis Z. Role of Disulfide Bonding in Outer
Membrane Structure and Permeability in Chlamydia trachomatis. Vol. 44, INFECTION AND
IMMUNITY. 1984.

Su H, Watkins NG, Zhang Y-X, Caldwell HD. Chlamydia trachomatis-Host Cell Interactions:
Role of the Chlamydial Major Outer Membrane Protein as an Adhesin. INFECTION AND
IMMUNITY. 1990.

Yu H, Karunakaran KP, Jiang X, Brunham RC. Subunit vaccines for the prevention of mucosal
infection with Chlamydia trachomatis. Expert Rev Vaccines. 2016;15(8):977-88.

Becker E, Hegemann JH. All subtypes of the Pmp adhesin family are implicated in chlamydial

virulence and show species-specific function. Microbiologyopen. 2014;3(4):544-56.

57



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Jeffrey BM, Suchland RJ, Quinn KL, Davidson JR, Stamm WE, Rockey DD. Genome
Sequencing of Recent Clinical Chlamydia trachomatis Strains Identifies Loci Associated with
Tissue Tropism and Regions of Apparent Recombination. Infect Immun [Internet]. 2010 Jun 1
[cited 2019 May 19];78(6):2544-53. Available from: http://people.oregonstate.edu/rockeyd
Newhall WJ. Biosynthesis and Disulfide Cross-Linking of Outer Membrane Components during
the Growth Cycle of Chlamydia trachomatis. Vol. 55, INFECTION AND IMMUNITY. 1987.
Mackern-Oberti JP, Motrich RD, Breser ML, Sanchez LR, Cuffini C, Rivero VE. Chlamydia
trachomatis infection of the male genital tract: an update. J Reprod Immunol [Internet]. 2013
Nov;100(1):37-53. Available from: http://dx.doi.org/10.1016/}.jri.2013.05.002

Cates W, Wasserheit JN. Genital chlamydial infections: Epidemiology and reproductive
sequelae. Am J Obstet Gynecol [Internet]. 1991;164(6 PART 2):1771-81. Available from:
http://dx.doi.org/10.1016/0002-9378(91)90559-A

Abdelsamed H, Peters J, Byrne Gl. Genetic variation in Chlamydia trachomatis and their
hosts: impact on disease severity and tissue tropism. Future Microbiol [Internet]. 2013
Sep;8(9):1129-46. Available from: https://www.jstor.org/stable/2800087 ?origin=crossref
Miyairi I, Mahdi OS, Ouellette SP, Belland RJ, Byrne GI. Different Growth Rates of Chlamydia
trachomatis Biovars Reflect Pathotype [Internet]. 2006 [cited 2019 Jun 20]. Available from:
https://academic.oup.com/jid/article-abstract/194/3/350/901498

D Mabey RWP. Lymphogranuloma venereum Differential diagnosis. Sex Transm Infect.
2002;78:90-3.

White JA. Manifestations and management of lymphogranuloma venereum. Curr Opin Infect
Dis. 2009;22(1):57—66.

Byrne GI. Chlamydia trachomatis strains and virulence: Rethinking links to infection
prevalence and disease severity. J Infect Dis. 2010;201(SUPPL. 2).

Morré SA, Rozendaal L, Van Valkengoed IGM, Boeke AJP, Van Voorst Vader PC, Schirm J,
et al. Urogenital Chlamydia trachomatis serovars in men and women with a symptomatic or
asymptomatic infection: An association with clinical manifestations? J Clin Microbiol.
2000;38(6):2292-6.

Mackern-Oberti JP, Motrich RD, Damiani MT, Saka HA, Quintero CA, Sanchez LR, et al. Male
genital tract immune response against Chlamydia trachomatis infection. Reproduction.
2017;154(4):R99-110.

Redgrove KA, McLaughlin EA. The Role of the Immune Response in Chlamydia trachomatis
Infection of the Male Genital Tract: A Double-Edged Sword. Front Immunol [Internet]. 2014 Oct
27;5(0CT):1-22. Available from:
http://journal.frontiersin.org/article/10.3389/fimmu.2014.00534/abstract

Hakimi H, Zainodini N, Khorramdelazad H, Arababadi MK, Hassanshahi G. Seminal levels of
pro-inflammatory (CXCL1, CXCL9, CXCL10) and homeostatic (CXCL12) chemokines in men
with asymptomatic Chlamydia trachomatis infection. Jundishapur J Microbiol. 2014;7(12):10—
3.

Kokab A, Akhondi MM, Sadeghi MR, Modarresi MH, Aarabi M, Jennings ROY, et al. Raised

58



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Inflammatory Markers in Semen from Men with Asymptomatic Chlamydial Infection. J Androl.
2010;31(2):114-20.

Haggerty CL, Ness RB. Epidemiology, pathogenesis and treatment of pelvic inflammatory
disease. Vol. 4, Expert Review of Anti-Infective Therapy. Taylor & Francis; 2006. p. 235-47.
Haggerty CL, Gottlieb SL, Taylor BD, Low N, Xu F, Ness RB. Risk of Sequelae after
Chlamydia trachomatis Genital Infection in Women. J Infect Dis [Internet]. 2010 Jun 15 [cited
2018 Apr 2];201(S2):134-55. Available from: https://academic.oup.com/jid/article-
lookup/doi/10.1086/652395

Menon S, Timms P, Allan JA, Alexander K, Rombauts L, Horner P, et al. Human and
Pathogen Factors Associated with Chlamydia trachomatis-Related Infertility in Women. Clin
Microbiol Rev [Internet]. 2015 Oct 26;28(4):969-85. Available from:
https://cmr.asm.org/content/28/4/969

He W, Jin Y, Zhu H, Zheng Y, Qian J. Effect of Chlamydia trachomatis on adverse pregnancy
outcomes: a meta-analysis. Arch Gynecol Obstet [Internet]. 2020 Sep 8;302(3):553-67.
Available from: https://doi.org/10.1007/s00404-020-05664-6

Korenromp EL, Wi T, Resch S, Stover J, Broutet N. Costing of national sti program
implementation for the global sti control strategy for the health sector, 2016-2021. PLoS One.
2017;12(1):2016-21.

Wiesenfeld HC. Screening for Chlamydia trachomatis Infections in Women. Solomon CG,
editor. N Engl J Med [Internet]. 2017 Feb 23;376(8):765—-73. Available from:
http://www.nejm.org/doi/10.1056/NEJMcp1412935

Rank RG, Soderberg LSF, Barron AL. Chronic chlamydial genital infection in congenitally
athymic nude mice. Infect Immun [Internet]. 1985 [cited 2020 Aug 8];48(3):847-9. Available
from: http://iai.asm.org/

Kinnunen A, Molander P, Laurila A, Rantala |, Morrison R, Lehtinen M, et al. Chlamydia
trachomatis reactive T lymphocytes from upper genital tract tissue specimens. Hum Reprod.
2000;15(7):1484-9.

Van Voorhis WC, Barrett LK, Sweeney YTC, Kuo C-C, Patton DL. Analysis of Lymphocyte
Phenotype and Cytokine Activity in the Inflammatory Infiltrates of the Upper Genital Tract of
Female Macaques Infected with Chlamydia trachomatis [Internet]. Vol. 174, The Journal of
Infectious Diseases. 1996 [cited 2020 Aug 23]. Available from:
https://academic.oup.com/jid/article/174/3/647/902796

De La Maza LM, Zhong G, Brunham RC. Update on Chlamydia trachomatis vaccinology. Vol.
24, Clinical and Vaccine Immunology. 2017. p. 1-25.

Wang S, Fan Y, Brunham RC, Yang X. IFN-gamma knockout mice show Th2-associated
delayed-type hypersensitivity and the inflammatory cells fail to localize and control chlamydial
infection. Eur J Immunol [Internet]. 1999 Nov;29(11):3782-92. Available from:
http://doi.wiley.com/10.1002/%28SIC1%291521-
4141%28199911%2929%3A11%3C3782%3A%3AAID-IMMU3782%3E3.0.CO%3B2-B

Bea WL, Belanger TA, Desai AA, Morrison RP, Byrne Gl. Tryptophan Depletion as a

59



74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Mechanism of Gamma Interferon-Mediated Chlamydial Persistence [Internet]. Vol. 62. 1994
[cited 2018 Oct 20]. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC303021/pdf/iai00009-0119.pdf

Nogueira C V., Zhang X, Giovannone N, Sennott EL, Starnbach MN. Protective Immunity
against Chlamydia trachomatis Can Engage Both CD4 + and CD8 + T Cells and Bridge the
Respiratory and Genital Mucosae. J Immunol [Internet]. 2015 Mar 1;194(5):2319-29. Available
from: http://www.jimmunol.org/lookup/doi/10.4049/jimmunol.1402675

Starnbach MN, Loomis WP, Ovendale P, Regan D, Hess B, Alderson MR, et al. An inclusion
membrane protein from Chlamydia trachomatis enters the MHC class | pathway and
stimulates a CD8+ T cell response. J Immunol [Internet]. 2003 [cited 2018 Oct
20];171(9):4742-9. Available from:
http://www.jimmunol.org/content/171/9/4742http://lwww.jimmunol.org/content/171/9/47 42 full#r
ef-list-1

Kim SK, Angevine M, Demick K, Ortiz L, Rudersdorf R, Watkins D, et al. Induction of HLA
class I-restricted CD8+ CTLs specific for the major outer membrane protein of Chlamydia
trachomatis in human genital tract infections. J Immunol. 1999;162(11):6855—-66.

Gervassi AL, Grabstein KH, Probst P, Hess B, Alderson MR, Fling SP. Human CD8 + T Cells
Recognize the 60-kDa Cysteine-Rich Outer Membrane Protein from Chlamydia trachomatis . J
Immunol. 2004;173(11):6905-13.

Byrne GI. Chlamydia trachomatis Strains and Virulence: Rethinking Links to Infection
Prevalence and Disease Severity. J Infect Dis [Internet]. 2010 Jun 15;201(S2):126-33.
Available from: https://academic.oup.com/jid/article-lookup/doi/10.1086/652398

Verweij SP, Lanjouw E, Bax CJ, Quint KD, Oostvogel PM, Dorr PJ, et al. Serovar D and E of
serogroup B induce highest serological responses in urogenital Chlamydia trachomatis
infections. BMC Infect Dis. 2014;14(1):1-7.

Lan J, Melgers |, Meijer CILM, Walboomers JMM, Roosendaal R, Burger C, et al. Prevalence
and serovar distribution of asymptomatic cervical Chlamydia trachomatis infections as
determined by highly sensitive PCR. J Clin Microbiol. 1995;33(12):3194-7.

Gao X, Chen XS, Yin YP, Zhong MY, Shi MQ, Wei WH, et al. Distribution study of Chlamydia
trachomatis serovars among high-risk women in china performed using PCR-restriction
fragment length polymorphism genotyping. J Clin Microbiol. 2007;45(4):1185-9.

Bakshi RK, Gupta K, Jordan SJ, Chi X, Lensing SY, Press CG, et al. An Adaptive Chlamydia
trachomatis-Specific IFN-y-Producing CD4+ T Cell Response Is Associated With Protection
Against Chlamydia Reinfection in Women. Front Immunol [Internet]. 2018 Sep 7 [cited 2020
Aug 9];9(SEP):1981. Available from:
https://www.frontiersin.org/article/10.3389/fimmu.2018.01981/full

Geisler WM, Lensing SY, Press CG, Hook EW. Spontaneous resolution of genital chlamydia
trachomatis infection in women and protection from reinfection. J Infect Dis [Internet]. 2013
Jun 15 [cited 2018 Mar 28];207(12):1850-6. Available from:
https://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jit094

60



84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Arno JN, Katz BP, McBride R, Carty GA, Batteiger BE, Caine VA, et al. Age and clinical
immunity to infections with Chlamydia trachomatis. Sex Transm Dis [Internet]. 1994;21(1):47—
52. Available from:
https://journals.lww.com/stdjournal/Abstract/1994/01000/Age_and_Clinical_Immunity_to_Infect
ions_With.10.aspx

Batteiger BE., Xu F, Johnson RE., Rekart ML. Protective Immunity to Chlamydia trachomatis
Genital Infection: Evidence from Human Studies. J Infect Dis. 2010;201(S2):178-89.
Hosenfeld CB, Workowski KA, Berman S, Zaidi A, Dyson J, Mosure D, et al. Repeat infection
with chlamydia and gonorrhea among females: A systematic review of the literature. Sex
Transm Dis [Internet]. 2009 [cited 2018 Mar 26];36(8):478—89. Available from:
http://www.ipp.jsi.com/Docs/Repeat_Infection_With _Chlamydia_and_Gonorrhea.3.pdf
Brunham RC, Pourbohloul B, Mak S, White R, Rekart ML. The unexpected impact of a
Chlamydia trachomatis infection control program on susceptibility to reinfection. J Infect Dis
[Internet]. 2005 Nov 15 [cited 2020 Aug 2];192(10):1836—44. Available from:
https://pubmed.ncbi.nim.nih.gov/16235186/

Brunham RC, Rekart ML. The arrested immunity hypothesis and the epidemiology of
chlamydia control. Sex Transm Dis [Internet]. 2008 Jan;35(1):53—4. Available from:
https://insights.ovid.com/crossref?an=00007435-200801000-00012

Parks KS, Dixon PB, Richey CM, Hook EW. Spontaneous clearance of chlamydia trachomatis
infection in untreated patients. Sex Transm Dis. 1997;24(4):229-35.

Lees MI, Newnan DM, Garland SM. Simplified Culture Procedure for Large-Scale Screening
for Chlamydia trachomatis Infections. J Clin Microbiol [Internet]. 1988 [cited 2018 Oct
26];26(7):1428-30. Available from:
http://europepmc.org/backend/ptpmcrender.fcgi?accid=PMC266630&blobtype=pdf

Kuo CC, Grayston JT. Factors affecting viability and growth in HeLa 229 cells of Chlamydia
sp. strain TWAR. J Clin Microbiol [Internet]. 1988 [cited 2018 Oct 27];26(5):812-5. Available
from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC266465/pdf/jicm00077-0044.pdf

Belland RJ, Scidmore MA, Crane DD, Hogan DM, Whitmire W, McClarty G, et al. Chlamydia
trachomatis cytotoxicity associated with complete and partial cytotoxin genes. Proc Natl Acad
SciU S A. 2001;98(24):13984-9.

Kerridge BD. The Effect of Actidione and other Antifungal Agents on Nucleic Acid and Protein
Synthesis in Saccharomyces carlsbergensis [Internet]. Vol. 19, J. gen. Mierobiol. 1958 [cited
2019 Mar 24]. Available from: www.microbiologyresearch.org

Ripa KT, Mardh PA. Cultivation of Chlamydia trachomatis in cycloheximide treated McCoy
cells. J Clin Microbiol [Internet]. 1977 [cited 2018 Oct 27];6(4):328-31. Available from:
http://jicm.asm.org/

Robinson AJ, Ridgway GL. Modem diagnosis and management of genital Chlamydia
trachomatis infection. Br J Hosp Med [Internet]. 1996 [cited 2020 Apr 14];55(7):388-93.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/8730560

Meyer T. Diagnostic Procedures to Detect Chlamydia trachomatis Infections. Microorganisms

61



97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

[Internet]. 2016 Aug 5;4(3):25. Available from: http://www.mdpi.com/2076-2607/4/3/25

Tam JE, Knight ST, Davis CH, Wyrick PB. Eukaryotic cells grown on microcarrier beads offer
a cost-efficient way to propagate Chlamydia trachomatis. Biotechniques [Internet]. 1992 Sep 1
[cited 2021 May 17];13(3):374—8. Available from: https://europepmc.org/article/med/1389171
Schachter J, Rose L, Dawson CR, Barnes M. Comparison of Procedures for Laboratory
Diagnosis of Oculogenital Infections with Inclusion Conjunctivitis Agents. Am J Epidemiol
[Internet]. 1967 May;85(3):453-8. Available from: https://academic.oup.com/aje/article-
lookup/doi/10.1093/oxfordjournals.aje.a120707

Stamm WE, Tam M, Koester M, Cles L, Brunham B Irwin RB, Stamm WE, et al. Detection of
Chlamydia trachomatis Inclusions in McCoy Cell Cultures with Fluorescein-Conjugated
Monoclonal Antibodies Downloaded from [Internet]. Vol. 17, JOURNAL OF CLINICAL
MICROBIOLOGY. 1983 [cited 2018 Oct 26]. Available from: http://jcm.asm.org/

Asadi-Amoli F, Nozarian Z, Mehrtash V, Beheshtnejad H, Shabani A. Comparison of Direct
Immunofluorescence and Giemsa Staining in Chlamydia trachomatis Follicular Conjunctivitis.
Zahedan J Res Med Sci. 2015;17(10):0-4.

Newhall WJ, Johnson RE, Delisle S, Fine D, Hadgu A, Matsuda B, et al. Head-to-Head
Evaluation of Five Chlamydia Tests Relative to a Quality-Assured Culture Standard [Internet].
Vol. 37, JOURNAL OF CLINICAL MICROBIOLOGY. 1999 [cited 2020 Apr 14]. Available from:
http://jcm.asm.org/

Black CM. Current methods of laboratory diagnosis of Chlamydia trachomatis infections. Clin
Microbiol Rev [Internet]. 1997 Jan [cited 2020 Apr 14];10(1):160-84. Available from:
http://cmr.asm.org/

Reyburn H. WHO Guidelines for the Treatment of Chlamydia trachomatis. Who [Internet].
2016 [cited 2018 Mar 26];340(may28 1):c2637—c2637. Available from:
http://apps.who.int/iris/bitstream/handle/10665/246165/9789241549714-
eng.pdf;jsessionid=7EDA0B673861E121DBF1465EEA5F9953?sequence=1

Papp JR, Schachter J, Gaydos CA, Van Der Pol B. Recommendations for the Laboratory-
Based Detection of Chlamydia trachomatis and Neisseria gonorrhoeae-2014. Vol. 63, MMWR
Recomm Rep. 2014.

Trembizki E, Costa AMG, Tabrizi SN, Whiley DM, Twin J. Opportunities and pitfalls of
molecular testing for detecting sexually transmitted pathogens. Pathology [Internet]. 2015 Apr
1 [cited 2020 Apr 14];47(3):219-26. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/25714587

Kohli M, Schiller I, Dendukuri N, Yao M, Dheda K, Denkinger CM, et al. Xpert MTB/RIF Ultra
and Xpert MTB/RIF assays for extrapulmonary tuberculosis and rifampicin resistance in adults.
Vol. 2021, Cochrane Database of Systematic Reviews. John Wiley and Sons Ltd; 2021.
Gaydos CA. Review of use of a new rapid real-time PCR, the Cepheid GeneXpert ® (Xpert)
CT/NG assay, for Chlamydia trachomatis and Neisseria gonorrhoeae: Results for patients
while in a clinical setting. Expert Rev Mol Diagn. 2014;14(2):135-7.

NICD. NICD Laboratory Test Handbook [Internet]. 2020. Available from:

62



109.

110.

111.

112.

113.

114.

115.

116.
117.

118.

119.

120.

121.

122.

123.

124.

https://www.nicd.ac.za/wp-content/uploads/2020/11/NICD-Laboratory-Handbook_V18.pdf
Peng L, Chen JL, Wang D. Progress and perspectives in point of care testing for urogenital
chlamydia trachomatis infection: A review. Med Sci Monit. 2020;26:1-8.

Peeling RW, Holmes KK, Mabey D, Ronald A. Rapid tests for sexually transmitted infections
(STIs): The way forward. Sex Transm Infect. 2006;82(SUPPL. 5):1-6.

Huppert J, Hesse E, Gaydos C a. What's the Point? How Point-of-Care STI Tests Can Impact
Infected Patients. Point care. 2010;9(1):36—46.

Van Dommelen L, Van Tiel FH, Ouburg S, Brouwers EEHG, Terporten PHW, Savelkoul PHM,
et al. Alarmingly poor performance in Chlamydia trachomatis point-of-care testing. Sex Transm
Infect. 2010;86(5):355-9.

Turner KME, Round J, Horner P, Macleod J, Goldenberg S, Deol A, et al. An early evaluation
of clinical and economic costs and benefits of implementing point of care NAAT tests for
Chlamydia trachomatis and Neisseria gonorrhoea in genitourinary medicine clinics in England.
Sex Transm Infect [Internet]. 2014 Mar;90(2):104-11. Available from:
https://sti.bmj.com/lookup/doi/10.1136/sextrans-2013-051147

Abbott. Abbott RealTime Chlamydia trachomatis/Neisseria gonorrhoeae (CT/NG). 2013.
Roche. Amplicor CT/NG Test for Chlamydia trachomatis Package Insert. 2006.

Cepheid. Xpert® CT/NG IFU. (August 2019).

Creative Diagnostics. Chlamydia Rapid Test Device [Internet]. Available from:
https://v3.globalcube.net/clients/beldico/content/medias/images/producten/imp/serologie__am
p__virologie/chlamydia_rapid_test device_dipro_international_medical_products.pdf
Abbai-Shaik NS, Reddy T, Govender S, Ramjee G. Poor Performance of the Chlamydia
Rapid Test Device for the Detection of Asymptomatic Infections in South African Men: A Pilot
Study . J Sex Transm Dis. 2016;2016:1-3.

Unemo M, Clarke IN. The Swedish new variant of Chlamydia trachomatis. Curr Opin Infect
Dis. 2011;24(1):62-9.

Ripa T, Nilsson P. A variant of Chlamydia trachomatis with deletion in cryptic plasmid:
implications for use of PCR diagnostic tests. Euro Surveill [Internet]. 2006 Nov 9 [cited 2020
Apr 13];11(11):E061109.2. Available from: http://www.ncbi.nim.nih.gov/pubmed/17213548
Unemo M, Seth-Smith HMB, Cutcliffe LT, Skilton RJ, Barlow D, Goulding D, et al. The
Swedish new variant of Chlamydia trachomatis: Genome sequence, morphology, cell tropism
and phenotypic characterization. Microbiology [Internet]. 2010 [cited 2020 Apr
13];156(5):1394—-404. Available from: http://mic.sgmjournals.org

Venter JME, Muller EE, Maseko V, Lewis DA. Is the new variant of Chlamydia trachomatis
present in South Africa? . South African J Epidemiol Infect. 2011;26(1):36—7.
Rantakokko-Jalava K, Hokynar K, Hieta N, Keskitalo A, Jokela P, Muotiala A, et al. Chlamydia
trachomatis samples testing falsely negative in the Aptima Combo 2 test in Finland, 2019.
[cited 2020 Apr 13];1. Available from: www.eurosurveillance.org

Shaw K, Coleman D, O’'Sullivan M, Stephens N. Public health policies and management

strategies for genital chlamydia trachomatis infection. Risk Manag Healthc Policy. 2011;4:57—

63



125.

126.

127.

128.

129.

130.

131.

132.

133.

134.
135.

136.

65.

Redwood-Campbell L, Plumb J. THE SYNDROMIC ApPROACH TO TREATMENT OF
SEXUALLY TRANSMITTED DISEASES IN Low-INCOME COUNTRIES: ISSUES,
CHALLENGES, AND FUTURE DIRECTIONS [Internet]. Vol. 24, Journal of Obstetrics and
Gynaecology Canada. 2002 [cited 2018 Oct 29]. Available from:
https://www.jogc.com/article/S1701-2163(16)30405-4/pdf

Republic of South Africa Department of Health. Sexually Transmitted Infections
MANAGEMENT GUIDELINES 2018 Adapted from: Standard Treatment Guidelines and
Essential Medicine List PHC. Natl Dep Heal South Africa [Internet]. 2018;1-25. Available from:
/lIwww.health.gov.za/%0A25

Bosu WK. Syndromic management of sexually transmitted diseases: Is it rational or scientific?
Trop Med Int Heal. 1999;4(2):114-9.

Garrett NJ, McGrath N, Mindel A. Advancing STI care in low/middle-income countries: Has STI
syndromic management reached its use-by date? Sex Transm Infect. 2017;93(1):4-5.
Johnson LF, Dorrington RE, Bradshaw D, Coetzee DJ. The effect of syndromic management
interventions on the prevalence of sexually transmitted infections in South Africa. Sex Reprod
Healthc [Internet]. 2011;2(1):13-20. Available from:
http://dx.doi.org/10.1016/j.srhc.2010.08.006

Romoren M, Sundby J, Velauthapillai M, Rahman M, Klouman E, Hjortdahl P. Chlamydia and
gonorrhoea in pregnant Batswana women: time to discard the syndromic approach? 2007
[cited 2021 May 10]; Available from: http://www.biomedcentral.com/1471-2334/7/27

Tann CJ, Mpairwe H, Morison L, Nassimu K, Hughes P, Omara M, et al. Lack of effectiveness
of syndromic management in targeting vaginal infections in pregnancy in Entebbe, Uganda.
Sex Transm Infect [Internet]. 2006 [cited 2021 May 10];82:285-9. Available from:
http://sti.bmj.com/

Mlisana K, Naicker N, Werner L, Roberts L, Van Loggerenberg F, Baxter C, et al. Symptomatic
Vaginal Discharge Is a Poor Predictor of Sexually Transmitted Infections and Genital Tract
Inflammation in High-Risk Women in South Africa. 2012;

Turovskiy Y, Sutyak Noll K, Chikindas ML. The aetiology of bacterial vaginosis. Vol. 110,
Journal of Applied Microbiology. 2011. p. 1105-28.

Hay P. Bacterial vaginosis. Vol. 42, Medicine (United Kingdom). Elsevier Ltd; 2014. p. 359-63.
van der Eem L, Dubbink JH, Struthers HE, Mcintyre JA, Ouburg S, Morré SA, et al. Evaluation
of syndromic management guidelines for treatment of sexually transmitted infections in South
African women. Trop Med Int Heal [Internet]. 2016 Sep 1 [cited 2020 Dec 8];21(9):1138-46.
Available from: http://doi.wiley.com/10.1111/tmi.12742

Kaida A, Dietrich JJ, Laher F, Beksinska M, Jaggernath M, Bardsley M, et al. A high burden of
asymptomatic genital tract infections undermines the syndromic management approach
among adolescents and young adults in South Africa: Implications for HIV prevention efforts.
BMC Infect Dis [Internet]. 2018 [cited 2021 Apr 29];18(1). Available from:
https://doi.org/10.1186/s12879-018-3380-6

64



137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

Peters R, Klausner J, Vos L, Feucht U, Medina-Marino A. Aetiological testing compared with
syndromic management for sexually transmitted infections in HIV-infected pregnant women in
South Africa: a non-randomised prospective cohort study. BJOG An Int J Obstet Gynaecol
[Internet]. 2020 Dec 22 [cited 2021 Mar 20];1471-0528.16617. Available from:
https://onlinelibrary.wiley.com/doi/10.1111/1471-0528.16617

Kalwij S, Macintosh M, Baraitser P. Screening and treatment of Chlamydia trachomatis
infections. BMJ. 2010;340(7752):912—7.

Guy RJ, Natoli L, Ward J, Causer L, Hengel B, Whiley D, et al. A randomised trial of point-of-
care tests for chlamydia and gonorrhoea infections in remote Aboriginal communities: Test,
Treat ANd GO- the “ TTANGO? trial protocol. BMC Infect Dis. 2013;13(1):1-9.

Fleming C, Drennan VM, Kerry-Barnard S, Reid F, Adams EJ, Sadiq ST, et al. Understanding
the acceptability, barriers and facilitators for chlamydia and gonorrhoea screening in technical
colleges: Qualitative process evaluation of the “test n Treat” trial. BMC Public Health.
2020;20(1):1-10.

Gottlieb SL, Xu F, Brunham RC. Screening and treating Chlamydia trachomatis genital
infection to prevent pelvic inflammatory disease: Interpretation of findings from randomized
controlled trials. Sex Transm Dis. 2013;40(2):97-102.

Balendra A, Cousins E, Lamplough H, Oakeshott P, Majewska W, Kerry SR. Pilot study for the
“Test n Treat” trial of on-site rapid chlamydia/gonorrhoea tests and same day treatment. Sex
Transm Infect. 2017;93(4):283.

Oakeshott P, Kerry-Barnard S, Fleming C, Phillips R, Drennan VM, Adams EJ, et al. ‘Test n
Treat’ (TnT): a cluster randomized feasibility trial of on-site rapid Chlamydia trachomatis tests
and treatment in ethnically diverse, sexually active teenagers attending technical colleges. Clin
Microbiol Infect [Internet]. 2019;25(7):865—71. Available from:
https://doi.org/10.1016/j.cmi.2018.10.019

Estcourt CS, Gibbs J, Sutcliffe LJ, Gkatzidou V, Tickle L, Hone K, et al. The eSexual Health
Clinic system for management, prevention, and control of sexually transmitted infections:
exploratory studies in people testing for Chlamydia trachomatis. Lancet Public Heal [Internet].
2017;2(4):e182-90. Available from: http://dx.doi.org/10.1016/S2468-2667(17)30034-8

De Vasconcelos S, Toskin I, Cooper B, Chollier M, Stephenson R, Blondeel K, et al. Behaviour
change techniques in brief interventions to prevent HIV, STI and unintended pregnancies: A
systematic review. PLoS One. 2018;13(9):1-27.

van Wees DA, den Daas C, Kretzschmar MEE, Heijne JCM. Modelling the impact of tailored
behavioural interventions on chlamydia transmission. Sci Rep. 2021;11(1):2148.

Rou K, Wu Z, Sullivan SG, Li F, Guan J, Xu C, et al. A five-city trial of a behavioural
intervention to reduce sexually transmitted disease/HIV risk among sex workers in China.
Aids. 2007;21(SUPPL. 8).

Shain RN, Piper JM, Holden AEC, Champion JD, Perdue ST, Korte JE, et al. Prevention of
gonorrhea and chlamydia through behavioral intervention: Results of a two-year controlled

randomized trial in minority women. Sex Transm Dis. 2004;31(7):401-8.

65



149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

Shangase N, Kharsany ABM, Ntombela NP, Pettifor A, McKinnon LR. A Systematic Review of
Randomized Controlled Trials of School Based Interventions on Sexual Risk Behaviors and
Sexually Transmitted Infections Among Young Adolescents in Sub-Saharan Africa. AIDS
Behav [Internet]. 2021;(0123456789). Available from: https://doi.org/10.1007/s10461-021-
03242-8

Unaids. GLOBAL HIV STATISTICS. 2019.

Lyytikdinen E, Kaasila M, Koskela P, Lehtinen M, Patama T, Pukkala E, et al. Chlamydia
trachomatis seroprevalence atlas of Finland 1983-2003. Sex Transm Infect [Internet]. 2008
Feb 1 [cited 2021 Apr 11];84(1):19-22. Available from: http://sti.bmj.com/

Omori R, Chemaitelly H, Althaus CL, Abu-Raddad LJ. Does infection with Chlamydia
trachomatis induce long-lasting partial immunity? Insights from mathematical modelling. Sex
Transm Infect. 2019;95(2):115-21.

Poston TB, Darville T. Chlamydia trachomatis: Protective Adaptive Responses and Prospects
for a Vaccine. In: Current Topics in Microbiology and Immunology [Internet]. 2016. p. 3.
Available from: http://link.springer.com/10.1007/82_2016_6

O’Connell CM, Ingalls RR, Andrews CW, Scurlock AM, Darville T. Plasmid-Deficient
Chlamydia muridarum Fail to Induce Immune Pathology and Protect against Oviduct Disease.
J Immunol [Internet]. 2007 Sep 15 [cited 2018 Aug 1];179(6):4027—34. Available from:
http://www.jimmunol.org/content/179/6/4027 http://www.jimmunol.org/content/179/6/4027 .full#r
ef-list-1

Riley MM, Zurenski MA, Frazer LC, O’Connell CM, Andrews CW, Mintus M, et al. The recall
response induced by genital challenge with Chlamydia muridarum protects the oviduct from
pathology but not from reinfection. Infect Immun [Internet]. 2012 Jun 1 [cited 2018 Apr
2];80(6):2194-203. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22431649

Portig |, Goodall JC, Bailey RL, Gaston JSH. Characterization of the humoral immune
response to Chlamydia outer membrane protein 2 in chlamydial infection. Clin Diagn Lab
Immunol [Internet]. 2003 Jan [cited 2018 Oct 20];10(1):103—7. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/12522047

Qu Y, Frazer LC, O’Connell CM, Tarantal AF, Andrews CW, O’Connor SL, et al. Comparable
Genital Tract Infection, Pathology, and Immunity in Rhesus Macaques Inoculated with Wild-
Type or Plasmid-Deficient Chlamydia trachomatis Serovar D. Infect Immun [Internet]. 2015 Oct
27 [cited 2018 Jul 28];83(10):4056—67. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/26216426

Sharma A. Sexually transmitted diseases vaccines: Progress and challenges. Curr Med
Issues. 2020;18(1):28.

Brunham RC, Rappuoli R. Chlamydia trachomatis control requires a vaccine. Vaccine
[Internet]. 2013;31(15):1892-7. Available from: http://dx.doi.org/10.1016/j.vaccine.2013.01.024
Yu H, Karunakaran KP, Jiang X, Brunham RC. Evaluation of a multisubunit recombinant
polymorphic membrane protein and major outer membrane protein T cell vaccine against

Chlamydia muridarum genital infection in three strains of mice. Vaccine [Internet]. 2014 Aug 6

66



[cited 2018 Aug 1];32(36):4672—-80. Available from:
https://www.sciencedirect.com/science/article/pii/S0264410X14007919

161. Olsen AW, Follmann F, Erneholm K, Rosenkrands I, Andersen P. Protection Against
Chlamydia trachomatis Infection and Upper Genital Tract Pathological Changes by Vaccine-
Promoted Neutralizing Antibodies Directed to the VD4 of the Major Outer Membrane Protein. J
Infect Dis. 2015;212(6):978-89.

162. Olsen AW, Follmann F, Erneholm K, Rosenkrands I, Andersen P. Protection Against
Chlamydia trachomatis Infection and Upper Genital Tract Pathological Changes by Vaccine-
Promoted Neutralizing Antibodies Directed to the VD4 of the Major Outer Membrane Protein.
In: Journal of Infectious Diseases [Internet]. Oxford University Press; 2015 [cited 2018 Mar
28]. p. 978-89. Available from: https://academic.oup.com/jid/article-
lookup/doi/10.1093/infdis/jiv1i37

163. Olsen AW, Lorenzen EK, Rosenkrands I, Follmann F, Andersen P. Protective effect of vaccine
promoted neutralizing antibodies against the intracellular pathogen Chlamydia trachomatis.
Front Immunol. 2017;8(DEC).

164. Stary G, Olive A, Radovic-Moreno AF, Gondek D, Alvarez D, Basto PA, et al. A mucosal
vaccine against Chlamydia trachomatis generates two waves of protective memory T cells.
Science (80-). 2015;348(6241).

165. Puls RL, Emery S. Therapeutic vaccination against HIV: Current progress and future
possibilities [Internet]. Vol. 110, Clinical Science. 2006 [cited 2021 May 28]. p. 59-71.
Available from: https://europepmc.org/article/med/16336205

166. Waugh C, Austin R, Polkinghorne A, Timms P. Treatment of Chlamydia-associated ocular
disease via a recombinant protein based vaccine in the koala (Phascolarctos cinereus).
Biologicals [Internet]. 2016;44(6):588-90. Available from:
http://dx.doi.org/10.1016/j.biologicals.2016.09.006

167. Abraham S, Juel HB, Bang P, Cheeseman HM, Dohn RB, Cole T, et al. Safety and
immunogenicity of the chlamydia vaccine candidate CTH522 adjuvanted with CAF01
liposomes or aluminium hydroxide: a first-in-human, randomised, double-blind, placebo-
controlled, phase 1 trial. Lancet Infect Dis [Internet]. 2019;3099(19):1-10. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S1473309919302798

168. Kaollipara A, Lee D, Darville T. Sexually transmitted infections and the urgent need for
vaccines: A review of four major bacterial STI pathogens [Internet]. Mucosal Vaccines:
Innovation for Preventing Infectious Diseases. Elsevier Inc.; 2019. 625-647 p. Available from:
http://dx.doi.org/10.1016/B978-0-12-811924-2.00036-5

169. Maleka, D. M., Hoosen, A. A., Sturm, A. W. & Kiepiela P (1996). The laboratory diagnosis of
lymphogranuloma venereum (LGV). University of Natal Medical School; 1996.

170. Rizzo A, Fiorentino M, Buommino E, Donnarumma G, Losacco A, Bevilacqua N. Lactobacillus
crispatus mediates anti-inflammatory cytokine interleukin-10 induction in response to
Chlamydia trachomatis infection in vitro. Int J Med Microbiol [Internet]. 2015;305(8):815-27.
Available from: http://dx.doi.org/10.1016/j.ijmm.2015.07.005

67



171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

Moncada J, Clark CB, Holden J, Hook EW, Gaydos CA, Schachter J. Stability studies on dry
swabs and wet mailed swabs for detection of chlamydia trachomatis and neisseria
gonorrhoeae in aptima assays. J Clin Microbiol [Internet]. 2017 [cited 2019 Jan 16];55(3):971—
7. Available from: https://doi.org/10.1128/

Sessa R, Di Pietro M, Filardo S, Bressan A, Rosa L, Cutone A, et al. Effect of bovine
lactoferrin on Chlamydia trachomatis infection and inflammation. Biochem Cell Biol [Internet].
2017;95(1):34-40. Available from: http://www.ncbi.nlm.nih.gov/pubmed/28094551

Pitt R, Alexander S, Ison C, Horner P, Hathorn E, Goold P, et al. Phenotypic antimicrobial
susceptibility testing of Chlamydia trachomatis isolates from patients with persistent or
successfully treated infections. J Antimicrob Chemother [Internet]. 2018 Mar 1;73(3):680-6.
Available from: https://academic.oup.com/jac/article/73/3/680/4682922

Edwards VL, Smith SB, McComb EJ, Tamarelle J, Ma B, Humphrys MS, et al. The
Cervicovaginal Microbiota-Host Interaction Modulates Chlamydia trachomatis Infection.
Clemente JC, editor. MBio [Internet]. 2019 Aug 13;10(4):90—6. Available from:
https://mbio.asm.org/content/10/4/e01548-19

Rowley J, Hoorn S Vander, Korenromp E, Low N, Unemo M, Abu-Raddad LJ, et al.
Chlamydia, gonorrhoea, trichomoniasis and syphilis: Global prevalence and incidence
estimates, 2016. Bull World Health Organ. 2019;97(8).

Brunham RC, Rey-Ladino J. Immunology of Chlamydia infection: implications for a Chlamydia
trachomatis vaccine. Nat Rev Immunol [Internet]. 2005 Feb 1;5:149. Available from:
http://dx.doi.org/10.1038/nri1551

Masson L, Mlisana K, Little F, Werner L, Mkhize NN, Ronacher K, et al. Defining genital tract
cytokine signatures of sexually transmitted infections and bacterial vaginosis in women at high
risk of HIV infection: A cross-sectional study. Sex Transm Infect [Internet]. 2014 Dec 8 [cited
2018 Mar 26];90(8):580-7. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25107710
Phillips S, Vodstrcil LA, Huston WM, Lawerence A, Timms P, Chen MY, et al. Detection of
Chlamydia trachomatis mRNA using digital PCR as a more accurate marker of viable
organism. Eur J Clin Microbiol Infect Dis. 2018;37(11):2117-22.

Huang J, DeGraves FJ, Gao D, Feng P, Schlapp T, Kaltenboeck B. Quantitative detection of
Chlamydia spp. by fluorescent PCR in the LightCycler®. Biotechniques. 2001;30(1):150-7.
Jin J, Tu J, Zhu S, Zhu X, Xue X, Zhang L. Novel real-time polymerase chain reaction assay
for quantitative detection of Chlamydia trachomatis in vaginal and cervical secretions
[Internet]. Vol. 12, Int J Clin Exp Med. 2019 [cited 2020 Apr 14]. Available from:
www.ijcem.com/

Buchwalow |, Samoilova V, Boecker W, Tiemann M. Non-specific binding of antibodies in
immunohistochemistry: Fallacies and facts. Sci Rep. 2011;1:1-6.

Joubert BC, Sturm AW. Differences in Chlamydia trachomatis growth rates in human
keratinocytes among lymphogranuloma venereum reference strains and clinical isolates. J
Med Microbiol. 2011;60(11):1565-9.

Al-Mously N, Cross NA, Eley A, Pacey AA. Real-time polymerase chain reaction shows that

68



184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

density centrifugation does not always remove Chlamydia trachomatis from human semen.
Fertil Steril [Internet]. 2009 Nov;92(5):1606—15. Available from:
http://dx.doi.org/10.1016/j.fertnstert.2008.08.128

Gallegos G, Ramos B, Santiso R, Goyanes V, Gosélvez J, Ferndndez JL. Sperm DNA
fragmentation in infertile men with genitourinary infection by Chlamydia trachomatis and
Mycoplasma. Fertil Steril. 2008;90(2):328—34.

Schachter J, Wyrick PB. Culture and Isolation of Chlamydia trachomatis. Methods Enzymol.
1994;236(C):377-90.

Miller SA. 4 Detecting Propagules of Plant Pathogenic Fungi. In: Advances in Botanical
Research. Academic Press Inc.; 1996. p. 73—-102.

Givan AL. Flow cytometry: an introduction. [Internet]. Vol. 699, Methods in molecular biology
(Clifton, N.J.). Humana Press; 2011 [cited 2021 Apr 5]. p. 1-29. Available from:
https://link.springer.com/protocol/10.1007/978-1-61737-950-5 1

Ou F, McGoverin C, Swift S, Vanholsbeeck F. Absolute bacterial cell enumeration using flow
cytometry. J Appl Microbiol [Internet]. 2017 Aug;123(2):464—77. Available from:
http://doi.wiley.com/10.1111/jam.13508

Lehtinen J, Nuutila J, Lilius EM. Green fluorescent protein-propidium iodide (GFP-PI) based
assay for flow cytometric measurement of bacterial viability. Cytom Part A. 2004;60(2):165-72.
Grossman N, Ron EA, Woldringh CL. Changes in cell dimensions during amino acid starvation
of Escherichia coli. J Bacteriol. 1982;152(1):35-41.

Cook GM, Berney M, Gebhard S, Heinemann M, Cox RA, Danilchanka O, et al. Physiology of
Mycobacteria. Adv Microb Physiol. 2009;55(09).

Norden MA, Kurzynski TA, Bownds SE, Callister SM, Schell RF. Rapid Susceptibility Testing
of Mycobacterium tuberculosis (H37Ra) by Flow Cytometry [Internet]. Vol. 33, JOURNAL OF
CLINICAL MICROBIOLOGY. 1995 [cited 2021 Jan 24]. Available from: http://jcm.asm.org/
Gonzalez-Y-Merchand JA, Zaragoza-Contreras R, Guadarrama-Medina R, Helguera-Repetto
AC, Rivera-Gutierrez S, Cerna-Cortes JF, et al. Evaluation of the Cell Growth of Mycobacteria
Using Mycobacterium smegmatis mc 2 155 as a Representative Species. J Microbiol.
2012;50(3):419-25.

Parbhoo T, Sampson SL, Mouton JM. Recent Developments in the Application of Flow
Cytometry to Advance our Understanding of Mycobacterium tuberculosis Physiology and
Pathogenesis. Vol. 97, Cytometry Part A. Wiley-Liss Inc.; 2020. p. 683-93.

Grun M, Liebisch M, Sauerwein H, Jahreis G, Sachse K. Flow cytometric quantification of
chlamydial infection in cell culture. J Microbiol Methods [Internet]. 2009;78(3):360—-2. Available
from: http://dx.doi.org/10.1016/j.mimet.2009.06.016

Ling CL, McHugh TD. Rapid detection of atypical respiratory bacterial pathogens by real-time
PCR. Vol. 943, Methods in Molecular Biology. 2013. 125-133 p.

Kralik P, Ricchi M. A basic guide to real time PCR in microbial diagnostics: Definitions,
parameters, and everything. Front Microbiol. 2017;8(FEB):1-9.

Mojica SA, Eriksson AU, Davis RA, Bahnan W, Elofsson M, Gylfe A. Red Fluorescent

69



199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

Chlamydia trachomatis Applied to Live Cell Imaging and Screening for Antibacterial Agents.
Front Microbiol. 2018;9(December):1-13.

Frickmann H, Essig A, Poppert S. Identification of lymphogranuloma venereum-associated
Chlamydia trachomatis serovars by fluorescence in situ hybridisation-a proof-of-principle
analysis. 2014;

Ibana JA, Sherchand SP, Fontanilla FL, Nagamatsu T, Schust DJ, Quayle AJ, et al. Chlamydia
trachomatis-infected cells and uninfected-bystander cells exhibit diametrically opposed
responses to interferon gamma. Sci Rep [Internet]. 2018;8(1):1-15. Available from:
http://dx.doi.org/10.1038/s41598-018-26765-y

Sarshar M, Scribano D, Tranquilli G, Di Pietro M, Filardo S, Zagaglia C, et al. A simple, fast
and reliable scan-based technique as a novel approach to quantify intracellular bacteria. BMC
Microbiol. 2019;19(1):1-9.

Filardo S, Pietro M Di, Pasqualetti P, Manera M, Diaco F, Sessa R. In-cell western assay as a
high-throughput approach for Chlamydia trachomatis quantification and susceptibility testing to
antimicrobials. PLoS One [Internet]. 2021;16(5 May):1-13. Available from:
http://dx.doi.org/10.1371/journal.pone.0251075

Wang S, Indrawati L, Wooters M, Caro-Aguilar I, Field J, Kaufhold R, et al. A novel automated
method for enumeration of Chlamydia trachomatis inclusion forming units. J Immunol Methods
[Internet]. 2007 Jul;324(1-2):84-91. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0022175907001500

Keck J, Chambers JP, Forsthuber T, Gupta R, Arulanandam BP. A modified method for rapid
quantification of Chlamydia muridarum using Fluorospot. MethodsX. 2019;6:1925-32.

Unemo M, Shafer WM. Antimicrobial resistance in Neisseria gonorrhoeae in the 21st Century:
Past, evolution, and future. Clin Microbiol Rev. 2014;27(3):587-613.

Kong FYS, Hocking JS. Treatment challenges for urogenital and anorectal Chlamydia
trachomatis [Internet]. Vol. 15, BMC Infectious Diseases. BioMed Central Ltd.; 2015 [cited
2020 Apr 14]. p. 293. Available from:
http://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-015-1030-9

Jorgensen JH, Ferraro MJ. Antimicrobial Susceptibility Testing: A Review of General
Principles and Contemporary Practices. Clin Infect Dis [Internet]. 2009 Dec;49(11):1749-55.
Available from: https://academic.oup.com/cid/article-lookup/doi/10.1086/647952

Muller PY, Milton MN. The determination and interpretation of the therapeutic index in drug
development. Nat Rev Drug Discov [Internet]. 2012;11(10):751-61. Available from:
http://dx.doi.org/10.1038/nrd3801

Christensen S, McMahon RM, Martin JL, Huston WM. Life inside and out: making and
breaking protein disulfide bonds in Chlamydia. Crit Rev Microbiol [Internet]. 2019;45(1):33-50.
Available from: https://doi.org/10.1080/1040841X.2018.1538933

Frohlich KM, Hua Z, Quayle AJ, Wang J, Lewis ME, Chou CW, et al. Membrane vesicle
production by Chlamydia trachomatis as an adaptive response. Front Cell Infect Microbiol.
2014;4(JUN):1-11.

70



Appendix |

Reagents for culture of Chlamydia trachomatis in McCoy cells.

For 100ml E10 media
80mlI EMEM

20ml FCS (filter sterilised)
40ul Gentamicin solution
40pl Fungin

1.5ml L-glutamine

For 100ml IM media

80mlI EMEM

20ml FCS (filter sterilised)
40ul Gentamicin solution
40ul Fungin

1.5ml L-glutamine

1ml glucose

50ul Cycloheximide

Cycloheximide (Img/ml)
Dissolve 10 mg cycloheximide into 10 ml 95% ethanol

Dispense into 0.5ml aliquots and store up to 6 months at -20°C

0.2M dibasic sodium phosphate
35.6g Na2HPO4

H20 to 1L

Autoclave for 20 min

Store at 4°C

0.2M monobasic sodium phosphate
31.2g NaH2PO4
H20 to 1L

Autoclave for 20 min
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Store at 4°C

Sucrose-phosphate-glutamate buffer (SPG)

759 sucrose

87ml 0.2M Na2HPO4 (dibasic sodium phosphate)
13ml 0.2M NaH2P0O4 (monobasic sodium phosphate)
0.72g L-glutamic acid

H20 to 1L

Aliquot to 100-ml bottles and autoclave for 20 min
Store up to 1 year at 4°C
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Appendix 2

Turnitin Report

Turnitin Originality Report

Processed on: 27-Jun-2021 21:26 SAST

ID: 1612846402 N sivitarity by Source

n 77 .
Word Count: 10774 Similarity Index

Submitted: 1 Internet Sources: 5%

10% Student Papers }1‘::
Irxmic020:turnitin_Thesis_Final.docx By Micaela Lurie

Appendix 3

STAINING SOP

Before staining
e 72h before staining, seed 0.1 million cells per coverslip.

e 24 hours after seeding coverslips, infect confluent monolayers with Chlamydia
trachomatis by centrifugation at 2500 x g for 1 hour.

Fixation of coverslips

e After 48h of culture post infection, check cells under an inverted microscope.

e Aspirate culture medium from 24-well plates and gently wash wells twice with 1ml PBS
and aspirate.

e Add 1ml absolute ethanol to each well. Be careful not to disrupt the cell monolayer on
the coverslip by pipetting down the side of the well. Do not allow the cell monolayers
to dry or inclusion bodies may burst and be reduced in number.

e Leave coverslips undisturbed for 10 minutes at RT.

e Aspirate the ethanol from the wells with a Pasteur pipette.
Staining

¢ Allow the mounting medium to reach room temperature.
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Remove undiluted antibody aliquot from freezer and allow to thaw in the BSL-2 hood.
Make up a 1:25 dilution of antibody with PBS with a final of 30 pl per coverslip.

Place a square of parafilm with circles drawn on where the coverslips will be placed
on a piece of firm cardboard. Carefully pipette 30ul of diluted antibody for each
coverslip in the centre of the drawn circle.

Carefully remove the coverslip with needle and forceps and touch the edge to blotting
paper.

Place the coverslip with cell side down on the drop of diluted antibody. Ensure the full
coverslip is covered.

Carefully place the tray in the BSL-2 hood and build a tinfoil tent around it to prevent
any light from getting in. Do not allow the antibodies to dry onto the cells; drying will
cause nonspecific binding.

Incubate at room temperature for 30 minutes.

Place a drop of mounting medium on an appropriately labelled, clean microscope slide.
Place your thumb directly below the coverslip and use a Pasteur pipette to rinse the
coverslip while still on the parafilm that is on the cardboard, first with PBS followed by
RO water. Your thumb should prevent the coverslip from washing away.

Remove the coverslips using forceps and carefully blot edge to get rid of excess liquid.

Carefully place the coverslip on the drop of mounting reagent. A needle may be used
to gently lower the coverslip.

Allow to cure overnight.

Store at 4°C.
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Appendix 4

InVItl‘Ogen Catalog # PA1-73073 @ Pertonincs

Chlamydia trachomatis MOMP Polyclonal Antibody, FITC

Product Details

Size 1mL

Species Reactivity Bacteria

Host/Isotype Goat / IgG

Class Polyclonal

Type Antibody

Conjugate FITC

Immunogen Purfied MOMP from strain L2

Form Liquid

Concentration 4-5 mg/mL

Purification purified

Storage butfer PBS with 10mg/mL BSA

Contains 0.1% sodium azide

Storage conditions -20° C, store in dark

RRID AB_1016832

Applications Tested Dilution Publications
Immunocytochemistry (ICC/IF) 110-1:50 1 Publication

Product Specific Information
The PA1-73073 antibody reacts with Chlamydia frachomatis MOMP. Does not react with C. psittacii or C. pneumoniae in MIF.

PA1-73073 has been successiully used in Immunofluorescence applications.

The immunogen for PA1-73073 is purified MOMP from strain L2.

Support {US): 1 800 955 6288 ThermoFisher 1
Support (Outside US): themaofisher comicontactus SCIENTIFIC
E-mail: Custome1Cale@ themmofisher com
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11 Reference

Immunocytochemistry (1)

Journal of bacterlology Species
. . . . Not Applicable
Impact of Active Metabolism on Chlamydia trachomatis Elementary
Body Transcript Profile and Infectivity. Dilution
"PA1-73073 was used in Immunocytochemistry to supports the idea that the chlamydial elementary body (EB) is an Not Cited
actively maintained cell form that responds to nutrients and environmental signals to maintain infectivity in multiple
environments, thus aiding in chlamydial pathogenesis.” ‘2"0:1“;
Authors: Grieshaber S,Grieshaber N,Yang H,Baxter B,Hackstadt T,Omsland A
o b ) FOA la made. y Eropaty nity ia lissitarl 1o
et i ‘O IMPLED, ARE " v, : s DUVERS
FOR HON-CONFORMING PROUCTS DURISG THE WARRANTY PERICO 13 o e seLLEwS S0LE DPTIOR. JGATIGN TO REPAIR, REPLAGE THE RESULT
oF FO ) WISUSE, FAUL oF I USE OF MANNER FOR WHICH THEY WERE NOT DESIGNED, OR (V) IMPROPER STORAGE AND HANDLING OF THE PRODUCTS. Unlsts offarwise
e and a nt 10 imaaon, S
Support (US): 1 800 855 6268 ThermoFisher 2
Suppon (Owutside US): themofisher.com/contactus SCIENTIFIC

E-mail: GustomerGare @ thermofisher.com
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invitrogen Catalog # MA1-10666 ) iz

Chlamydia trachomatis MOMP Monoclonal Antibody (CL12-712.3)

Product Details

Size 500 ug

Species Reactivity Bacteria

Host/Isotype Mouse / 1gG2a

Class Monoclonal

Type Antibody

Clone CL12-712.3

Conjugate Unconjugated

Immunogen C. trachomatis elementary bodies.

Form Liquid

Concentration 2.2 mg/mL

Purification purified

Storage buffer PBS, pH7.4

Contains no preservative

Storage conditions -20° C, Avoid Freeze/Thaw Cycles

RRID AB_1073634

Applications Tested Dilution Publications
ELISA (ELISA) 1-10 pg/mL -

Product Specific Information

MA1-10666 detects Chlamydia trachomatis MOMP from C. trachomatis serovars A, B, Ba, C,D,E, F, G, H, I, J, K, L1, L2, and L3
samples.

MA1-10666 has been successfully used in ELISA applications.

The MA1-10666 immunogen is C. trachomatis elementary bodies.

Mot for

yosr Buysr

ple. EXPRESS OR IMPLED, ARE GRANTED INCLUDING WITHOUT LIMITATION, 3 P’ ¥ REMEDY
FOR NON-CONFORMING PRODUCTS DURING THE WARRANTY PERIOD IS LIMITED TO REPAIR, REPLACEMENT OF OR HE AT OPTION. THERE IS NO OBLIGATION TO REPAIR, REPLACE OR REFUND FOR PRODUCTS AS THE RESULT
OF () ACCIDENT, DISASTER OR EVENT OF FORCE MAJEURE, (10 MISUSE, FAULT OR NEGLIGENCE OF O BY BUYER, (W) USE OF THE PRODUCTS IN A MANNER FOR WHICH THEY WERE NOT DESIGNED, OR (

exproasly for any other purposs, simitation, x vivo or or sny type
of consumption by or spplication to human or animals.

Support (US): 1 800 955 6288 ThermoFisher
Support (Outside US): thermofisher.com/contactus SCIENTIFIC
E-mail: CustomerCare@thermofisher.com
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