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Abstract

Sexual health is a dynamic area of medicine, with rapidly emerging issues dependent on societal
practices, and changing prevalence of diseases. The studies in this thesis contribute to the literature
on two emerging issues in sexual health; Mycoplasma genitalium (M.genitalium), a relatively
recently discovered sexually transmitted infection (STI), and ‘stealthing’, a recently described non-
consensual practice of removing a condom without consent. This thesis will be split into Section A,

discussing M.genitalium and Section B discussing ‘stealthing’.

Section A: Chapters 1 and 2 establish the background by reviewing the literature regarding
M.genitalium: the bacterium, its pathogenic effects and treatment options, and highlights the need
for further research.

Chapter 3 describes a meta-analysis which aimed to establish M.genitalium prevalence amongst
gay, bisexual and other men who have sex with men (MSM) by anatomical site. Forty-six studies
met inclusion criteria, with M.genitalium prevalence estimated to be 5.0% at the urethra, 6.2% at the
rectum, and 1.0% at the pharynx. M.genitalium was more commonly detected in symptomatic men,

and more common in HIV-positive men at the urethra.

Chapter 4 presents a cross-sectional study of consecutively collected rectal swabs from MSM, that
tested positive for Chlamydia trachomatis (C.trachomatis) (N=212) or Neisseria gonorrhoeae
(N.gonorrhoeae) (N=212), as well as consecutively collected pharyngeal samples (N=480) from
MSM. One in seven men treated for rectal-C.trachomatis or rectal-N.gonorrhoeae had undiagnosed
M.genitalium detected, that would have been potentially exposed to azithromycin during treatment
of C.trachomatis or N.gonorrhoeae. Pharyngeal M.genitalium was uncommon, detected in 2%
(95%Cl: 1-3%) of samples.

In chapter 5, | determine the prevalence of M.genitalium and macrolide-resistance, and its
association with common genital symptoms in women, to inform indications for testing and clinical
practice. Between April 2017-April 2019, 1318 women were tested for M.genitalium and answered
a questionnaire about genitourinary symptoms in the week prior to presentation. M.genitalium was
not associated with genital symptoms, but was significantly associated with cervicitis. One in two

women with M.genitalium had macrolide resistant M.genitalium.

Chapter 6 details a retrospective study of 92 women diagnosed with M.genitalium and pelvic
inflammatory disease (PID) at Melbourne Sexual Health Centre between 2006-2017. The clinical
features of M.genitalium-associated PID (M.genitalium-PID) were compared to C.trachomatis-

associated PID (C.trachomatis-PID), and treatment outcomes of women with M.genitalium-PID



were examined. Symptoms and signs in women diagnosed with M.genitalium-PID did not
significantly differ to those with C.trachomatis-PID. Ninety-five percent of women treated with

moxifloxacin were microbiologically cured.

Section B: Chapters 7 and 8 introduce the concept of ‘stealthing’ and highlight the importance of
condoms for contraception and prevention of STIs, consent, and the gaps in the literature around
non-consensual condom removal. The subsequent study in chapter 9 presents a cross-sectional
survey of 1189 women and 1063 MSM, of whom 32% of the women and 19% of the men reported

having ever experienced stealthing.

Overall, this thesis provides further evidence around the prevalence of M.genitalium in both women
and MSM, data on the clinical features of M.genitalium in women, and estimates as to the

prevalence of ‘stealthing’ in our society.
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Executive Summary

Sexual health is a dynamic area of medicine, with rapidly emerging issues, dependent on changing

prevalence’s of various infections, and changes in societal sexual behaviours and practices.

M.genitalium is a recently discovered sexually transmitted infection, and determining its prevalence

in populations within the community and examining its associations with clinical syndromes
formed the core part of my PhD. The scope of the PhD was expanded to include a research project

on non-consensual condom removal (known colloquially as ‘stealthing’), in response to public

reports of this behaviour occurring, and absence of academic evidence. This thesis will be split into

Section A, discussing M.genitalium and Section B discussing ‘stealthing’. The sections highlight
recent literature on both M.genitalium and ‘stealthing’, the projects generated by literature gaps in
these areas, and the subsequent research papers and outputs of these projects. The projects

conducted as part of this PhD were:

Study 1 / Chapter 3: The prevalence of M.genitalium in men who have sex with men.
Study 2 / Chapter 4: M.genitalium pharyngeal infection and rectal co-infection in men who
have sex with men.

Study 3/ Chapter 5: The clinical indications for testing women for M.genitalium.

Study 4 / Chapter 6: The clinical features and response to moxifloxacin of M.genitalium -
associated Pelvic Inflammatory Disease.

Study 5 / Chapter 9: How often do patients report non-consensual condom removal when

presenting to a sexual health clinic.

All compulsory ethics modules and site training has been completed. All Monash coursework
requirements have been completed. Compulsory unit ‘Translational research (TRM6002)’, and

elective unit ‘Introductory biostatistics (MPH6041)> were completed in Semester One 2017.
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1. Introduction to ‘Mycoplasma genitalium’

Mycoplasma genitalium (M.genitalium) is a bacterium: the smallest prokaryote capable of self-
replication (Fraser et al. 1995). It is a sexually transmitted infection (ST1), with a recent meta-
analysis estimating the prevalence in the general community to range from 1.3% to 3.9% (Baumann
et al. 2018). Testing for M.genitalium is recommended in the clinical syndromes of urethritis and
proctitis in men (BASHH et al. 2018; CDC 2015), and cervicitis and pelvic inflammatory disease
(PID) in women by the majority of international guidelines (BASHH et al. 2018; Slifirski et al.
2017; ASHA 2018). However, the issue of screening for M.genitalium is more complex, largely due
to the lack of clarity around it’s natural history, and increasing challenges with treatment due to
rising antimicrobial resistance (Read et al. 2019b). Due to these issues, medical guidelines do not

currently recommend screening for M.genitalium in either men or women (CDC 2015).

While a meta-analysis has been conducted to determine community estimates for the prevalence of
M.genitalium (Baumann et al. 2018), data on M.genitalium prevalence in gay, bisexual and other
men who have sex with men (MSM) have been limited. The meta-analysis of community-based
studies included only 8 studies of MSM and estimated the overall prevalence of M.genitalium in
MSM to be 3.2% (95% confidence interval (Cl): 2.1-5.1%) (Baumann et al. 2018). However, this
review excluded studies conducted in clinical settings, and estimates were predominantly derived
from urine samples (Baumann et al. 2018), failing to capture the rectum and pharynx as other
possible sites of infection. Studies in clinical settings, such as urban STI clinics in Melbourne and
Sydney, have estimated a higher overall proportion of M.genitalium infections in MSM of between
9.5 and 13.4%, respectively (Couldwell et al. 2018; Read et al. 2019a). These studies have also
shown M.genitalium to be more commonly detected at the rectum, compared with the urethra (7.0-
8.9% at the rectum, and 2.7-4.9% at the urethra)(Couldwell et al. 2018; Read et al. 2019a), meaning
deriving estimates that have only come from studies that tested the urethral site may underestimate
the true prevalence of M.genitalium in MSM. Uncertainty around the prevalence of M.genitalium in
MSM led me to conduct a meta-analysis examining the prevalence of M.genitalium in MSM by

anatomical site (pharynx, rectum and urethra) (Chapter 3).

Screening at the pharynx for the two most common bacterial STIs, Chlamydia trachomatis
(C.trachomatis) and Neisseria gonorrhoeae (N.gonorrhoeae), has been widely recommended in
MSM in the British, American and Australian STI screening guidelines (ASHA 2020; Clutterbuck
et al. 2016; CDC 2015). However, there are limited data on the prevalence of M.genitalium in the
pharynx of MSM which is needed to inform screening and testing practices. The limited published

studies on the prevalence of pharyngeal M.genitalium have been conflicting, with two Australian
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studies failing to detect M.genitalium at the pharynx in MSM (Couldwell et al. 2018; Bradshaw et
al. 2009), while one Chinese study found a high prevalence of pharyngeal M.genitalium (13.5%)
among 388 MSM recruited from gay bars in five cities across China (Jiang et al. 2015). Overall,
more data is needed to provide accurate estimates for M.genitalium prevalence in MSM at the
pharynx, to inform testing and clinical practice. This knowledge gap led me to undertake a study to
determine the proportion of MSM who are infected with pharyngeal M.genitalium (Chapter 4).

M.genitalium has a marked propensity to develop antimicrobial resistance, which has greatly
complicated its management (Bissessor et al. 2015). First line treatment of M.genitalium has
included azithromycin, a macrolide antibiotic which is used widely in the ST field to treat common
STls such as C.trachomatis and N.gonorrhoeae (CDC 2015; ASHA 2018). Resistance to
azithromycin has now detected in at least 50.8-58.0% of M.genitalium infections in many countries
(Gesink et al. 2016; Dumke et al. 2016; Read et al. 2017a), and treatment of M.genitalium with 1g
azithromycin has been shown to select macrolide resistance in at least 11.1-11.8% of M.genitalium
infections (Read et al. 2017a; Bissessor et al. 2015). The high prevalence of macrolide resistance
seen in M.genitalium is also likely to have been contributed to by inadvertent exposure of
M.genitalium to azithromycin during the treatment of C.trachomatis or N.gonorrhoeae infections
(Read et al. 2017a). It is important to understand how commonly M.genitalium is co-infected with
C.trachomatis and N.gonorrhoeae in clinic populations, particularly among MSM who are at
particular risk of STI acquisition. Furthermore, this would inform testing practices and to determine
how commonly M.genitalium is being unintentionally exposed to antibiotics administered for the
treatment of other STIs. As screening for M.genitalium is not recommended or practiced, data on
how common M.genitalium co-infection is with C.trachomatis or N.gonorrhoeae has been limited.
A Sydney study reported rectal C.trachomatis to be independently associated with anorectal rectal-
M.genitalium (Odds Ratio (OR)=5.0, 95%CI: 2.1 to 11.8, p<0.001) (Couldwell et al. 2018),
however a study at our centre did not support this finding (Read et al. 2019a). | undertook a study to
determine the proportion of rectal C.trachomatis and rectal N.gonorrhoeae infections in MSM who

are co-infected with rectal M.genitalium to inform clinical practice (Chapter 4).

While the pathogenic role of M.genitalium in male urethritis has been well established for many
years, its role in infection and sequelae in women has long been debated. A meta-analysis in 2015
found M.genitalium to be significantly associated with an increased risk of cervicitis, PID, preterm
birth, and spontaneous abortion (Lis et al. 2015). The majority of studies investigating M.genitalium
in women have focused on the association between M.genitalium and clinical syndromes, with less
published data on the association of M.genitalium with a range of genitourinary symptoms and

signs. The available evidence is conflicting, with some studies finding no association between
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M.genitalium and symptoms in women (Anagrius et al. 2005; Mobley et al. 2012), and others
finding significant associations between M.genitalium and dysuria (Mobley et al. 2012), abnormal
vaginal discharge (Vandepitte et al. 2012; Walker et al. 2011), and post-coital bleeding (Bjartling et
al. 2012). As women are disproportionately affected by the adverse consequences of sexually
transmitted infections (STIs) (Eng et al. 1997; Anderson 1995), it is important to have robust
evidence that underpins recommendations for ST1 testing in women. This knowledge gap led me to
undertake a study to determine the contribution of M.genitalium to specific genital symptoms and
signs in women, to inform indications for testing (Chapter 5).

Although M.genitalium has been proven to cause a number of urogenital syndromes in women (Lis
et al. 2015), there is little research conducted on the differences in clinical presentations between
M.genitalium and other STI such as C.trachomatis. This is particularly important for syndromes
such as PID, where serious sequelae can be averted by prompt treatment of the STI (Ness et al.
2002). Further research is needed to understand if there are clinically important differences between
PID caused by M.genitalium (M.genitalium-PID), and PID caused by C.trachomatis
(C.trachomatis-PID), the most common STI detected in women presenting with PID in most
settings. This information can assist clinicians’ decision making in terms of first line testing and
presumptive management, particularly as currently recommended regimens for PID do not
generally include antimicrobials to which M.genitalium is susceptible (Ross et al. 2011; CDC 2015;
Haggerty et al. 2008). To inform testing and clinical management of PID, I conducted a study
examining the clinical characteristics of M.genitalium-PID and its response to moxifloxacin
(Chapter 6).

In summary, with a number of commercial diagnostic assays for M.genitalium recently emerging
and increasing testing occurring in the community, it is important to understand the prevalence of
M.genitalium in specific populations and at individual anatomical sites and to define its contribution
to genital symptoms and syndromes in men and women. This is particularly important in MSM, a
population at high risk of STI, and in women, as the population most affected by the consequences
of STI. There are many gaps in the literature regarding M.genitalium and as outlined above, this

PhD will seek to address some of these.
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2. Literature Review A- Mycoplasma genitalium

2.1 Mycoplasma genitalium- The Organism

M.genitalium was discovered in 1981, when it was isolated from the urethral specimens of two men
in London (Tully et al. 1981). It belongs to a class of bacteria called mollicutes (Taylor-Robinson et
al. 2011), which are distinguishable by the absence of a bacterial cell wall. M.genitalium belongs to
a sub-class of mollicutes, mycoplasmas, which include Mycoplasma hominis and Mycoplasma
pneumonia (Tully et al. 1981). Key features of mycoplasmas include the absence of a cell wall,
filterability (ability to travel through filters sized 0.45um), lack of reversion to bacteria with cell
walls when grown in an antibiotic free medium, penicillin resistance, and production of typical
colonies on agar (Tully et al. 1981). In place of the rigid peptidoglycan cell wall bacteria usually
possess, M.genitalium has a triple-layered self-limiting membrane. M.genitalium is an aerobic
organism (Tully et al. 1981).

Figure 1. Transmission Electron Micrograph of Mycoplasma genitalium.

M.genitalium is negatively stained with ammonium molybdate. The characteristic flask shape and
the terminal truncated portion with extracellular small projections are shown. The organism size
is presented in the text (original magnification, x120,000). Image and text from Tully et al.
Mycoplasma genitalium, a New Species from the Human Urogenital Tract, 1983 (Tully et al.
1983)
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M.genitalium is the smallest prokaryote capable of self-replication, with a genome size of around
580 kilo base pairs, 517 genes and 482 predicted protein coding regions (Figure 1) (Fraser et al.
1995). It remains the smallest known organism that can be grown in pure culture (Fraser et al.
1995) and thus is often used in minimal-genome research. M.genitalium contains an important
operon named MgPa, a functioning unit of deoxyribonucleic acid (DNA), comprised of a cluster of
genes, including mg190 also known as mgpA (encoding a predicted 29-kDa protein), mg191/mgpB
(encoding the P140 protein), and mg192/mgpC (encoding the P110 protein)(Musatovova et al.
2003). Sequences of repetitive DNA elements from the MgPa operon form MgPa repeats (MgPars),
which are distributed along the M.genitalium genome, although these do not function as protein-
coding sequences (Fraser et al. 1995). MgPars represent 4.7% of the total genomic sequence, and
are 78-90% identical to the corresponding sequences of MgPa (Fraser et al. 1995). M.genitalium
adheres to host cells through its complex tip structure, known as the attachment or terminal
organelle, which are comprised of M.genitalium’s major cell adhesins, MgpB (P140) and MgpC
(P110) (Mernaugh et al. 1993), which reciprocally stabilise each other (Burgos et al. 2006).

Most mycoplasmas acquire change to their genomes through horizontal gene transfer, however
M.genitalium remains unique amongst the mycoplasmas with regards to mutation (Blanchard et al.
2011). Recombination of the MgPa operon and MgPa islands contribute to the antigenic variations
of MgPa proteins (Iverson-Cabral et al. 2006; Peterson et al. 1995). In the MgPa operon, class |
mutants have large deletions of the mg192 gene, and class Il mutants have deletions of both the
mg191 and mg192 genes(Burgos et al. 2006). There has been some evidence to suggest that the
immune system can detect proteins P140 (MgpB) and P110 (MgpC) (Baseman et al. 2004;
Svenstrup et al. 2006), the proteins which form the terminal organelle, and thus M.genitalium may
mutate to lose the terminal organelle, resulting in persistent infection (Burgos et al. 2006; Iverson-
Cabral et al. 2006). A study which investigated the M.genitalium strain(s) in cervical specimens
from a woman infected for 21 months, identified 17 mgpB variants within the single infecting
strain, and confirmed mgpB heterogeneity occurs over the course of a natural infection (lverson-
Cabral et al. 2006). This observation suggests that recombination between the mgpB gene and
MgPars sequences result in antigenically distinct MgPa variants which contribute to immune
evasion and persistence of infection. Mutations have also been detected at the region V of the 23S
ribosomal ribonucleic acid (rRNA) gene (Jensen et al. 2008). Non-mutated M.genitalium is referred

to a wild-type sequence (Touati et al. 2014; Drud et al. 2020).
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2.2 Diagnosis of Mycoplasma genitalium

M.genitalium cannot easily be cultured, and takes up to six months in a cell culture to grow due to
its extremely fastidious nature (Tully et al. 1981; CDC 2015). As a consequence, there are only a
few laboratories in the world currently consistently providing culture for M.genitalium. Enzyme-
linked immunosorbent assays are unable to provide the sensitivity required to confidently detect
M.genitalium in cervical or vaginal samples (Baseman et al. 2004). Studies were often performed
using serology prior to the introduction of Nucleic Acid Amplification Testing (NAAT), as it was
the only diagnostic measure available. Serology is however neither sensitive or specific for the

detection of M.genitalium which is a mucosal infection (Waites et al. 2012).

M.genitalium infection is best detected through NAAT (Taylor-Robinson et al. 2012; CDC 2015).
These assays were initially only available within laboratories that had adopted and validated
research assays. However, several commercial M.genitalium assays were released in 2016 and 2017
(ASHA 2016), improving access to M.genitalium testing at non-research facilities, such as
hospitals, obstetric and gynaecology clinics, and in primary care. Improved access to testing for
M.genitalium in the community may lead to an increase in availability of data from a range of

settings to inform clinical practice.

NAAT assays are usually polymerase chain reaction (PCR) assays that target either the 16S rRNA
gene (Yoshida et al. 2002) or a major surface protein gene, MgPa (Jensen et al. 2003). The assays
have comparable performance, however there are more variations in the MgPa gene than the 16S
rRNA gene (Jensen et al. 2003; Eastick et al. 2003). Specimens for NAAT are collected through
first pass urine or vaginal, cervical or anal swabs (Jensen et al. 2004). One study of heterosexual
couples (n=1627) reported that men have higher mean bacterial loads than women, p<0.001, and
women have higher mean bacterial loads in endocervical compared with urine samples (p=0.001)
(Thurman et al. 2010).

Guidelines do not recommend screening for M.genitalium in any individuals (CDC 2015) due to its
low prevalence in many populations (Andersen et al. 2007; Salado-Rasmussen et al. 2014) . Testing
is recommended for patients presenting with symptoms indicative of a genital tract infection or
those who are sexual contacts of M.genitalium patients (Oakeshott et al. 2010a; Walker et al. 2013).
The literature suggests that M.genitalium has a similar clinical presentation to C.trachomatis
(Anagrius et al. 2005), which is a predominately asymptomatic STI. The clinical syndromes and
diseases associated with M.genitalium that prompt testing will be discussed in ‘Chapter 2.6 Health

Outcomes in Men’ and ‘Chapter 2.7 Health Outcomes in Women’.
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2.3 Epidemiology of Mycoplasma genitalium
2.3.1 Prevalence in the overall population

There are limited data on the prevalence and incidence of M.genitalium in the population.
Commercial assays testing for M.genitalium were not available prior to 2017, and so testing had
generally been restricted to health services with research affiliations, who had the capacity to
develop and use in-house PCR assays. M.genitalium has not been screened for like other STIs such
as C.trachomatis, and this has impacted on knowledge regarding its prevalence in populations,

specific groups and geographical regions.

In early population studies of M.genitalium, M.genitalium was considered far less prevalent than
C.trachomatis, with a prevalence of 1% in the US in 2001-02, compared with 4.2% for
C.trachomatis (Manhart et al. 2007; Miller et al. 2004). However, the prevalence of M.genitalium
may be increasing. The 2010-2012 NATSAL-3 study in Great Britain found M.genitalium to be as
prevalent as C.trachomatis, with M.genitalium detected in 1.2% of men compared with
C.trachomatis detected in 1.1%, and M.genitalium detected in 1.3% of women and C.trachomatis in
1.5% (Sonnenberg et al. 2015; Sonnenberg et al. 2013). This trend has also been noted elsewhere in
studies of high risk populations. Early studies in high risk populations (those attending STI clinics)
found a M.genitalium prevalence of 7.0% compared with 11.4% for C.trachomatis in the US
(Manhart et al. 2003), and 5.6% compared with 9.7% for M.genitalium and C.trachomatis
respectively in Sweden (Falk et al. 2005). Recent studies of high risk populations in the US have
found the prevalence of M.genitalium in those attending STI clinics to exceed the prevalence of
C.trachomatis, at 16.3% versus 9.3% respectively in women (OR 1.75; p=0.004), but remain
equivalent in men at 17.2% and 17.8% (OR 0.961; p=0.822), respectively (Getman et al. 2016).

There has been one meta-analysis on the prevalence of M.genitalium in various populations
conducted by Baumann et.al. (2018). Baumann estimated the overall prevalence of M.genitalium in
countries with a high human development index at 1.3% (95%CI: 1.0-1.8, 1% 41.5%, n=9091)
(Baumann et al. 2018), however this study had a number of limitations as it included few studies
and estimates had high heterogeneity (Baumann et al. 2018). The analysis did not provide an
estimate for the prevalence of M.genitalium in countries with a low human development index due
to heterogeneity among estimates, but stated the estimated range was 3.9% (95%Cl: 2.2-6.7,

12 89.2%) in three studies that used probability sampling and 5.2% (95%CI: 2.4-11.5, 1> 86.8%) in
two studies that used other methods to enrol participants. Their analysis found M.genitalium
prevalence to be statistically higher in countries with a lower human development index (difference
3.1%, 95%CI: —0.1-6.3, P=0.057) (Baumann et al. 2018).
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Several prevalence studies have noted ethnic differences in the distribution of M.genitalium
prevalence, with studies conducted in the US showing a higher prevalence of M.genitalium amongst
people identifying as either Afro-Caribbean (Horner et al. 1993), African Americans, or Hispanic
(Manhart et al. 2007), compared with those who identify as Caucasian. Studies in the UK have
found similar ethnic differences, with the highest prevalence of M.genitalium amongst those
reporting black ethnicity (Sonnenberg et al. 2015). Authors concluded prevalence differences occur
amongst different ethnicities due to differing social and behavioural factors, as well as ethnic
differences in innate immunity (Lazarus et al. 2002) or in the vaginal microbiome (Ravel et al.

2011), which influence the risk of acquisition or persistence of infection.

2.3.2 Prevalence by gender

Two large epidemiological studies have investigated the prevalence of M.genitalium in the United
States and the United Kingdom (Sonnenberg et al. 2015; Manhart et al. 2007). These found the
prevalence of M.genitalium in women to be between 0.8-1.3%, and the prevalence of M.genitalium
in men to be between 1.1-1.2%. in large epidemiological studies conducted in United States and the
United Kingdom (Sonnenberg et al. 2015; Manhart et al. 2007). In Australia, a study of 1116
women attending Australian primary health care services found the prevalence of M.genitalium to
be 2.4% (95%CI: 1-3), however this study did not examine men (Hocking et al. 2018). Prevalence
in pregnant women before 14 weeks’ gestation has been estimated at 0.9% (95%CI: 0.6-1.4, I120%),
however this summary estimate only included 4 higher HDI countries (Baumann et al. 2018).
Overall Baumann’s meta-analysis found no statistical difference in the prevalence of M.genitalium
between men and women (p=0.47), although this analysis did not adjust for or stratify by sexuality
(Baumann et al. 2018).

2.3.3 Prevalence amongst populations at higher risk of infection

Populations at greater risk of contracting STI include young people, MSM, sex workers, travellers,
culturally and linguistic diverse people, people in custodial settings, and indigenous populations
such as Aboriginal and Torres Strait Islander people in Australia (do Nascimento et al. 2014).
Baumann’s meta-analysis examined prevalence amongst MSM in the community from Australia, El
Salvador, Guatemala and Honduras, and Nicaragua (n=3012). The summary estimated prevalence
was 3.2% (95%Cl: 2.1-5.1, 12 78.3%) (Baumann et al. 2018). The analysis also examined
M.genitalium prevalence amongst MSM presenting to STI clinics, with an estimate 3.7% (95%CI:
2.4-5.6, 1278.5%) from five clinics in Germany, the Netherlands, Norway and USA. Baumann’s
analysis included few studies, with estimates derived from urethral prevalence only (Baumann et al.
2018).
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The meta-analysis by Baumann et. al. estimated prevalence of M.genitalium amongst female sex
workers at 15.9%, from four studies based in China, Germany, Honduras and Uganda (Baumann et
al. 2018).
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2.4 Transmission and Risk Factors associated with Mycoplasma genitalium
acquisition

M.genitalium has been shown to be a STI in a considerable number of epidemiological studies
(Anagrius et al. 2005; Hjorth et al. 2006; Manhart et al. 2010; Slifirski et al. 2017), with acquisition
of M.genitalium associated with typical risk factors for STI transmission. Sequence-based typing of
M.genitalium in couples has confirmed transmission of the same M.genitalium strains between

sexual partners (Hjorth et al. 2006).

M.genitalium acquisition has been associated with the classic risk factors common to STIs. The
following demographics and epidemiological factors have been associated with increased risk of
M.genitalium infection: younger age (Andersen et al. 2007; Manhart et al. 2007; Oakeshott et al.
2010a; Sonnenberg et al. 2015; Manhart et al. 2003), , lack of condom use (Walker et al. 2011,
Sonnenberg et al. 2015; Manhart et al. 2007), lower levels of education (Manhart et al. 2003),
younger age of sexual debut (Manhart et al. 2003), smoking (Oakeshott et al. 2010a), and increased
number of sexual partners (Manhart et al. 2003; Manhart et al. 2007; Andersen et al. 2007;
Svenstrup et al. 2014; Oakeshott et al. 2010a; Walker et al. 2011; Sonnenberg et al. 2015).
Research from Denmark found the converse to be true, that long term relationships were associated
with a decreased risk of contracting M.genitalium (Andersen et al. 2007). Ethnicity has also been
found to play a role in risk of M.genitalium infection, with those identifying as black having
significantly higher rates of M.genitalium infection, in both the UK and the USA (Manhart et al.
2007; Svenstrup et al. 2014; Oakeshott et al. 2010a), and those people identifying as Aboriginal and
Torres Strait Islander at greater risk of M.genitalium infection in Australia (Walker et al. 2011).
One French study performed at a sexual health centre, found no association between M.genitalium
and demographic or epidemiological factors (Casin et al. 2002); however this study may have been
subject to selection bias, as recruitment occurred at a sexual health clinic which represents a
population at high risk of STI. The factors associated with increased risk of M.genitalium infection

are associated with most STIs and are therefore unsurprising.

Studies have shown a high proportion of persons reporting sexual contact with a M.genitalium
infected partner were infected. Amongst MSM, M.genitalium has been detected in 8.3% of contacts
at the urethra, and 40.7% of contacts at the rectum (Slifirski et al. 2017). Amongst heterosexual
couples, M.genitalium has been detected in 27.5-38.5% of male contacts of infection and 44.9-
48.2% of female contacts of infection (Thurman et al. 2010; Slifirski et al. 2017; Anagrius et al.
2005). As such, female contacts of infection are significantly more likely to have M.genitalium
detected than male contacts of female partners(p=0.004) (Slifirski et al. 2017). Women may be

more susceptible to M.genitalium infection due to immunological, hormonal, or physiological
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factors that relate to the menstrual cycle (Manhart et al. 2003). Data suggests that women are more
likely to be infected with M.genitalium during the proliferative phase of their menstrual cycle
(Casin et al. 2002; Manhart et al. 2003).

Conflicting evidence exists over the natural history of M.genitalium and M.genitalium clearance
rate, with very few studies investigating this issue. One study in Uganda found the median time
taken to clear M.genitalium was two months, with an overall clearance rate was 26/100 person-
years (Vandepitte et al. 2013). However a Kenyan study of female sex workers (n=299) found
47.7% of infections lasting >3 months, although there was a high risk of re-infection in this cohort
(Cohen et al. 2006). Seven women in this study were persistently infected for more than 10 months
(median, 14.4 months; minimum, 10.5 months; maximum, 21.1 months), with molecular strain
typing analysis on cervical specimens confirming the same strain type throughout the study period,
consistent with persistent infection with a single organism (Cohen et al. 2006). As discussed in
Chapter 2.1, infections persisting for 21 months have been found to contain several mutated
variants, with mutations assisting in avoidance of host detection and clearance (Iverson-Cabral et al.
2006).
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2.5 Co-infection with other sexually transmitted infections
2.5.1 Co-infection with other bacterial sexually transmitted infections and genital infections

There is limited published literature reporting on coinfection rates of M.genitalium with other STls.
Studies of co-infection have been inconsistent, in part due to baseline variations of common STIs in
populations globally. There has been one study examining whether participant demographics
predicted M.genitalium co-infection, which did not find any associations (Harrison et al. 2019).
Data on more than one co-infection with M.genitalium is exceptionally limited. Existing literature
finds triple infections to be exceptionally uncommon, accounting for less than 1% of STI infections
(Getman et al. 2016; Upton et al. 2017).

It is important to determine coinfection rates as acquisition of a STI may predispose to acquisition
of a second STI, due to the similar risk factors, and endothelial damage from the initial infection
(Zhang et al. 2000). Co-infection rates have further implications for M.genitalium infection as
M.genitalium is rapidly developing antimicrobial resistance (see chapter 2.8), and it is likely
M.genitalium is being inadvertently exposed to antimicrobials during the treatment of other STIs
contributing to its antimicrobial resistance (Harrison et al. 2019).

2.5.1.1 Bacterial co-infection among heterosexual men

Co-infection data in men has been hampered by many studies failing to differentiate between
heterosexual men and MSM, which are distinctly different populations. The reported frequency of
M.genitalium-C.trachomatis co-infection ranged greatly in studies reporting on co-infection from
0.1-21.2% (Gesink et al. 2016; Mezzini et al. 2013; Yokoi et al. 2007; Gaydos et al. 2009a; Pépin
et al. 2001; Fernandez-Huerta et al. 2019).

Although a common infection among MSM, N.gonorrhoeae is an uncommon infection in
heterosexuals outside of the USA. The British Nastal-3 study stated that men who were
M.genitalium positive were more likely to have had N.gonorrhoeae or urethritis in the past five
years, however when tested only one man had a M.genitalium/N.gonorrhoeae coinfection and one
man had a M.genitalium/C.trachomatis coinfection, amongst 4828 samples (from all genders/sexual
orientations) (Sonnenberg et al. 2015). The reported frequency of M.genitalium/N.gonorrhoeae co-
infection ranged greatly in studies reporting on co-infection from 3.1%-37.9% (Mezzini et al. 2013;
Uno et al. 1996; Yokoi et al. 2007; Pépin et al. 2001; Fernandez-Huerta et al. 2019).
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2.5.1.2 Bacterial co-infection among men who have sex with men

Data conflicts on the association between M.genitalium and C.trachomatis in MSM. At the urethra
one large study found the two to be associated at the urethra among asymptomatic men (7.4% vs.
1.5%, p=0.03), but not among men with non-gonococcal urethritis (p = 0.001) (Read et al. 2019a).
This study also found M.genitalium and C.trachomatis were not associated at the rectum (9.2% vs.
8.4%, p = 0.82) (Read et al. 2019a). However two other studies found M.genitalium and
C.trachomatis to be strongly associated at the rectum [OR 3.5, 95%CI: 1.4-8.7 (Francis et al. 2008)
and OR 5.0, 95%CIl: 2.1-11.8, p<0.001 (Couldwell et al. 2018)]. Further research is needed to
determine the true association between M.genitalium and C.trachomatis co-infection at the rectum
amongst MSM.

There are less data on co-infection rates of M.genitalium and N.gonorrhoeae amongst MSM,
compared to M.genitalium and C.trachomatis, somewhat paradoxically as MSM as a population
suffer the highest burden of N.gonorrhoeae infections. A large Australian study examining
prevalence amongst MSM found that in asymptomatic men M.genitalium was associated with
N.gonorrhoeae detection at the urethra (7.4% vs. 0.5%, p = 0.002), but not at the rectum (6.1% vs.
6.2%; p = 0.98) (Read et al. 2019a). Other research by the same group a decade earlier had found
no co-infection with N.gonorrhoeae was detected amongst MSM attending a male only sauna
(Bradshaw et al. 2009).

2.5.1.3 Bacterial co-infection among women

There are a number of studies exploring M.genitalium co-infection with C.trachomatis in women.
The reported frequency of M.genitalium/C.trachomatis co-infection ranged greatly in studies
reporting on co-infection from 4.8%-42.9% (Casin et al. 2002; Svenstrup et al. 2014; Ljubin-
Sternak et al. 2017; Chernesky et al. 2017; Mobley et al. 2012; Gaydos et al. 2009a; Harrison et al.
2019).

As stated above, N.gonorrhoeae is an uncommon infection in heterosexuals outside of the USA. In
studies including both men and women, a NZ study detected 3/411 infections to be
M.genitalium/N.gonorrhoeae co-infections (Upton et al. 2017), and a Greenland study stated
M.genitalium/N.gonorrhoeae infections account for <1% of STI infections(Gesink et al. 2012). In
the USA however, M.genitalium/N.gonorrhoeae appears to be a common co-infection in women. A
study by Mobley et al. found that M.genitalium coinfections were detected in 30.4% of women with
N.gonorrhoeae (Mobley et al. 2012), while a study by Manhart et al. detected M.genitalium in 6/50

women with M.genitalium-associated cervicitis (Manhart et al. 2003).
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Literature to date has been conflicting on the relationship between M.genitalium and the common
vaginal dysbiosis, bacterial vaginosis. While some cross-sectional studies have failed to detect a
relationship between the two (Cox et al. 2016; Keane et al. 2000), or detected a significantly
negative association between the two (Manhart et al. 2003), other research has found a significant
positive association between the two [OR =2.0 (95% CI: 1.1-3.4)] (Nye et al. 2020). A prospective
study of female sex workers in Kenya found that bacterial vaginosis may enhance susceptibility to
M.genitalium, with prior bacterial vaginosis significantly associated with M.genitalium acquisition
when adjusted for age, human immunodeficiency virus (HIV) status and time [AOR (adjusted odds
ratio)= 3.5 (95%Cl: 1.9-6.6) (Lokken et al. 2017). Given bacterial vaginosis is associated with a
significantly elevated risk for acquisition of C.trachomatis and N.gonorrhoeae infections (Brotman
et al. 2010), it remains biologically plausible that bacterial vaginosis may enhance susceptibility to
M.genitalium.

2.5.2 Co-infection with human immunodeficiency virus

There has been one systematic review and meta-analysis examining the association between HIV
and M.genitalium (Mavedzenge et al. 2009). This study identified nineteen studies from sub-
Saharan Africa (n=10), the United States (n=6), Europe (n=2), and South America (n=1), which
analysed this relationship, with twelve of them finding a significant positive association. The meta-
analysis concluded there was a significant positive relationship between these two infections, with a
two-fold increased odds of detecting M.genitalium among people living with HIV [OR=2.0
(95%Cl: 1.4-2.8)]. Importantly this review did not determine the temporal relationship between
these infections, i.e. whether M.genitalium predisposes someone to HIV infection or if HIV

infection predisposes someone to M.genitalium infection.

There has only been one longitudinal study examining whether or not HIV positivity impacted on
M.genitalium acquisition in a group of women at high risk of infection. This study found that HIV
was a significant risk factor for M.genitalium acquisition (hazard ratio [HR]=2.2, 95%Cl: 1.3-3.7)
(Cohen et al. 2006). Other research has been suggested that M.genitalium may predispose to HIV
acquisition. M.genitalium has been shown to increase local inflammation and cause damage to
genitourinary epithelial cells (Zhang et al. 2000; Tully et al. 1986; Das et al. 2014). In-vitro studies
have found this both increases susceptibility to, and transmissibility of HIV infection (Zhang et al.
2000; Tully et al. 1986; Taylor-Robinson et al. 1985). In-vitro studies have also shown that
M.genitalium infection promotes replication of the HIV virus once infected (Das et al. 2014). In-
vivo research has disputed whether the relationship between M.genitalium and HIV is due to
cervical inflammation, however it has shown that HIVV DNA was three times more likely to be shed

in women with M.genitalium [AOR=2.9 (95%CI: 1.1-7.6)] (Manhart et al. 2008). Clearance rates of
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M.genitalium infection are associated with HIV status, with those who are HIV-positive with a CD4
count below 350 cells/mm having a significantly slower rate of clearance than those who are HIV-
negative (Vandepitte et al. 2013).

Further research is needed to examine whether M.genitalium induced local inflammatory processes
play a role in the acquisition and shedding of HIV, and to determine the temporal relationship
between these two STIs. Whether this relationship represents behavioural and/or biological factors
is not possible to determine from existing cross-sectional data.
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2.6 Health Outcomes of Mycoplasma genitalium in Men

This chapter will explore the specific syndromes and clinical presentations that are associated with

M.genitalium infection in men.

2.6.1 Urethritis

Urethritis is inflammation of the urethra, usually caused by a bacterial infection. Symptoms include
dysuria, urethral discomfort and urethral discharge (Takahashi et al. 2006). Urethritis can be
classified as gonococcal caused by N.gonorrhoeae, non-gonococcal generally caused by
C.trachomatis or M.genitalium, or non-specific urethritis, where a pathogen is not detected. These
classifications exist to guide treatment. M.genitalium is well-established as a cause of non-
gonococcal urethritis in men, and is the second most common cause of non-gonococcal urethritis
following C.trachomatis (Falk et al. 2004; Gaydos et al. 2009b; Moi et al. 2015).

The earliest review of M.genitalium and urethritis by Deguchi and Maeda concluded that in men
with non-C.trachomatis non-gonococcal urethritis, M.genitalium prevalence ranged from 18-46% in
men (Deguchi et al. 2002a). In 2004 a review by Jensen et al. found that M.genitalium was
significantly associated with non-gonococcal urethritis [OR 3.8 (95%CI: 3.0-4.9; p<0.0001)], and
accounted for 21% of non-gonococcal urethritis (Figure 2) (Jensen 2004). Jensen’s review also
found that M.genitalium accounted for 22% of non-C.trachomatis non-gonococcal urethritis, and
that they were significantly associated [OR 5.2 (95%CI: 3.6-7.4; p<0.0001)](Figure 3) (Jensen
2004). A systematic review by Manhart et al. (2011) of thirty studies worldwide found
M.genitalium to account for 13% of all non-gonococcal urethritis cases, and 25% of non-
C.trachomatis non-gonococcal urethritis cases (Manhart et al. 2011). While numerous reviews have
examined the relationship between M.genitalium and urethritis, only Manhart et al.’s was
systematic review. The most recent review by Horner et al. in 2017 estimated that approximately
5.2% of M.genitalium infected men in England will develop non-gonococcal urethritis (Horner et
al. 2017b). Development of non-gonococcal urethritis may be dependent on bacterial load, with
studies reporting greater M.genitalium DNA loads in men with non-gonococcal urethritis, compared

to M.genitalium positive men without non-gonococcal urethritis (Jensen et al. 2004; Jensen 2006).

M.genitalium has been associated with both asymptomatic and symptomatic urethritis (Falk et al.
2004; Anagrius et al. 2005). The definition of asymptomatic/microscopic urethritis varies between
studies, but is generally defined as the presence of four or polymorphonuclear leukocyte (PMNLS)
per high-powered field (hpf) in a urethral smear, in the absence of symptoms (Falk et al. 2004;
Anagrius et al. 2005). Microscopic signs of urethritis (PMNLS) have been detected in up to ninety

percent of men with M.genitalium (Falk et al. 2004). Those with symptomatic urethritis with
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urethral discharge as either a symptom or sign are more likely to be M.genitalium positive
compared to men with asymptomatic urethritis (OR 35.2, 95%CI 3.9-319.6, p=0.002) (Horner et al.
2002). Those with M.genitalium-associated urethritis have significantly more symptoms than those
with C.trachomatis-associated urethritis [73% vs 40%, relative risk (RR) 1.8 (95%Cl: 1.2-
2.7)](Falk et al. 2004).

Study — Odds ratio  No. of events

(95% CI) NGU Control
Jensen et al, 1993 3.99 (1.20, 13.34) 13/48  4/47
Homer et al,, 1993 5.06 (1.45, 17.70) 24103 3/53
Deguchi et al,, 1995 1023 (0.60, 175.45) 171114 0/28
Janier et al,, 1995 . om 4.49 (1,93, 10.44) 291100  8/96
Lackey et al, 1995 l g 2,21 (0,95, 5.12) 20/62  11/62
Busalo et al, 1997 1244 (0,68,227,38)  6/52  0/44
Maeda et al, 1998 679 (038, 120.76)  10/76  0/21
Bjfirmelius et al,, 2000 3.23(1.06, 9.89) 13/50  5/51
Gambini et al,, 2000 . 9,08 (1,19, 69.12) 52/178  1/23
Johannisson et af, 2000 . 20,30 (265, 155,24)  17/115  1/118
Keane et al,, 2000 5.00 (0.57, 43.76) 12/36 111
Luo et al., 2000 6.79 (1.98, 23.30) 28/116 5167
Totten et al,, 2001 S 6.43 (2.38, 17.36) 272t 5117
Pepin et al,, 2001 2.01(1.22, 3.32) 41/251  30/339
Morency et al,, 2001 4,06 (2,11, 7,79) 531127 15/100
Taylor-Robinson et al.,, 2001 — B 2.27(1.09, 4.73) 17/96  16/185
Yoshida et al,, 2002 7.27 (0.92, 57.21) 14/93 142
Anagrius et al,, 2002 7.82 (2,34, 26,14) 271279 3j222
Mena et af,, 2002 — 540 (2.42, 12,04) 16/52  14/184
Overall (95% CI) 3,82 (2,96, 4.92)

Odds ratio

Figure 2. Forest plot of the association between Mycoplasma genitalium and non-
gonococcal urethritis.
Forest plot and text from Jensen JS et al. Mycoplasma genitalium: the aetiological agent of

urethritis and other sexually transmitted diseases, 2004 (Jensen 2004)

Persistent or chronic non-gonococcal urethritis following acute infection with M.genitalium has
been reported in many studies (Wikstrém et al. 2006; Deguchi et al. 2002b; Horner et al. 2001;
Manhart et al. 2011), with M.genitalium accounting for 19-41% of men with the condition (Manhart
et al. 2011). Horner et al. showed M.genitalium was associated with recurrent urethritis in those

receiving treatment (OR 7.9, 95%CI: 1.0-65.9) (Horner et al. 2001). Men with recurrent urethritis
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were less likely to be engaging in sexual activity than those without urethritis, indicating that
ongoing infection rather than reinfection was responsible for their symptoms. Persistent
M.genitalium-associated non-gonococcal urethritis is likely due to inadequate treatment due to
either intrinsic or acquired antimicrobial resistance (Wikstrom et al. 2006; Taylor-Robinson et al.
2011) (please see Chapter 2.8).

Study — Odds ratio  No. of events
(95% Cl) NCNGU Control

Jensen af al, 1993 - 5.86 (1,69, 20.32) 12/34 447
Homer et al., 1983 . .35 (1.73, 23.29) 16/58 a/53
Deguchi t al,, 1995 j - 13.22 (0.76, 229.48)  14/76 0/28
Janier et al, 1985 _._ 6.02 (2.56, 14.13) 29/a2 8/96
Maeda et al., 1998 i 16.02 (0.88, 201.47)  9/34 021
Bjémelius et al., 2000 - 5.20 (1.65, 16.36) 13/36 551
Gambini et al., 2000 — 7.16 (0.92, 55.62) 27110 1/23
Johannisson ef al., 2000 ! - 32.28 (4.18, 249.38)  16/74 1/118
Keane &t al., 2000 = 8.33 (0.90, 76.75) 10/22 1
Totten et al., 2001 — . 8.81 (3.20, 24.26) 24/85 5117
Pepin et al, 2001 . 2.22(1.32,371) a7/209  30/339
Taylor-Robinson ef al., 2001 _-_,_ 2.60 (1.23, 5.50) 16/81 16/185
Yoshida ef al., 2002 : - 9.97 (1.21, 82.53) 9/46 1742
Anagrius ef al., 2002 B 8.32 (2.48, 27.90) 26/254  aj222
Mena ef al., 2002 _._ 4,75 (1.85, 12.21) g/a2  14/184
Overall (85% Cl) {:3, 5.15 (3.58, 7.43)

5 1 2 4 10 20
Odds ratio

Figure 2. Forest plot of the association between Mycoplasma genitalium and non- Chlamydia
trachomatis non-gonococcal urethritis.
Forest plot and text from Jensen JS et al. Mycoplasma genitalium: the aetiological agent of

urethritis and other sexually transmitted diseases, 2004 (Jensen 2004)

2.6.2 Proctitis

Proctitis is the result of inflammation of the anus and rectum, and symptoms include anal pain,
tenesmus, anal discharge and bleeding, and pain when defecating. The role of M.genitalium in the

syndrome of proctitis remains unclear.

Bissessor et al. were the first to detect M.genitalium amongst MSM with proctitis, with
M.genitalium accounting for 11.7% (95%Cl: 6.9-17.1) of proctitis within the study (Bissessor et al.

2016). However this study did not include a control group and as such could not provide a statistical
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association between M.genitalium and proctitis (Bissessor et al. 2016). There have been three case
control studies examining the association between M.genitalium and proctitis, of which all have
failed to detect an association between M.genitalium and proctitis (Francis et al. 2008; Soni et al.
2010; Read et al. 2019a).

Studies examining rectal symptoms specifically have been conflicting, with the studies in the UK
and Australia indicating no association between M.genitalium and rectal symptoms (Soni et al.
2010; Read et al. 2019a), and the study in San Francisco, USA finding M.genitalium was associated
with rectal symptoms. Further research is needed to determine the contribution of M.genitalium to
rectal symptoms in MSM and its contribution to the clinical syndrome of proctitis.

2.6.3 Balanitis, posthitis, prostatitis and epididymitis

Balanitis is inflammation of the glans (head) of the penis, and posthitis is inflammation of the
prepuce (foreskin) of the penis. They may occur separately or concurrently and are usually caused
by infection, irritants or trauma. There has been one study conducted by Horner and Taylor-
Robinson in 2013, which examined the existence of balanitis and/or posthitis amongst 114 men
with non-gonococcal urethritis. They found M.genitalium was significantly associated with balanitis
and/or posthitis (OR 4.1, 95%CIl: 1.3-13.4, p=0.01), with 37.0% of those positive for M.genitalium
having balanitis or posthitis (Horner et al. 2011). Some patient treatment guidelines have
recognised M.genitalium as a cause of balanoposthitis, however these are based on the single article
by Horner and Taylor-Robinson (Edwards et al. 2014; Pandya et al. 2014). Further research is

needed to determine the contribution of M.genitalium to this condition.

Prostatitis is inflammation of the prostate, which can be acute or chronic. There has been one study
of 387 men which found M.genitalium to be statistically associated with prostatitis, in which men
with prostatitis were compared with asymptomatic men presenting to a STI clinic in Shanghai,
China. Prevalence of M.genitalium was significantly higher amongst men in the prostatitis group
compared with the asymptomatic control group (10.2% vs 2.6%, p=0.005) (Mo et al. 2016). Other
research in this field has looked into the detection of M.genitalium in men with prostatitis, with
M.genitalium detected in biopsies of patients with chronic idiopathic prostatitis (Krieger et al.
1996), and in the semen of men with chronic prostatitis (Mandar et al. 2005). This study reported an
association between prostatitis and mycoplasmas more broadly (p=0.023) (Méndar et al. 2005).

Further research is needed to determine the contribution of M.genitalium to prostatitis.

Epididymitis is inflammation of the epididymis, usually caused by a bacterial infection. While it is
biologically plausible that M.genitalium would be a cause of epididymitis (Horner et al. 2017Db), the

evidence has been particularly scant, with no studies yet demonstrating a statistical association
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between the two. The first report of M.genitalium-associated epididymitis was a case report by
Hamasuna, in which M.genitalium was the only pathogen identified in a man with epididymitis
(Hamasuna 2008). A more recent study by Ito reported that M.genitalium accounted for 8.9% of
epididymitis amongst 56 men (Ito et al. 2012). Aside from these six documented cases of
M.genitalium-associated epididymitis the evidence is minimal, and much further research is needed
to establish a causal relationship.

2.6.4 Male Infertility

A couple are defined as infertile if they are unable to conceive after twelve months of unprotected
sexual intercourse during the fertile phases of the menstrual cycle (Evers 2002). There has been
limited evidence that demonstrates M.genitalium may affect male factor infertility. One study of
semen samples from 120 infertile men in Tunisia found that 5.0% of samples contained
M.genitalium, with M.genitalium significantly associated with decreased spermatozoa concentration
when compared with infertile male partners without M.genitalium (p = 0.05) (Gdoura et al. 2007).
Svenstrup demonstrated in 2003 the ability of M.genitalium to bind to spermatozoa (Figure 4.)
(Svenstrup et al. 2003). When numerous M.genitalium cells bound to the sperm, spermatozoon
were rendered immotile, which could affect fertility. When fewer cells bound, the spermatozoon
remained motile, demonstrating the potential for transmission. Factors relating to female factor

infertility are described in Chapter 2.7.5.
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Figure 3. Nomarski microscopy (X100 objective) of sperm incubated in vitro with
M.genitalium. (Svenstrup et al. 2003)

A single cell of M.genitalium is attached to (A) the midpiece region (arrow) and (B) the tail
(arrow) of spermatozoon. (C) Several cells of M.genitalium attached to the head and midpiece.
Note the swollen midpiece, which was not a general observation when spermatozoa with
adhering mycoplasmas were studied. (D) Microcolonies of M.genitalium attached to the distal tail,
mid-tail, midpiece and head of the spermatozoon. (E) A massive colonisation of the
spermatozoon. Note that M.genitalium is also attached to the invisible head-vesicle of the
spermatozoon. (F) A negative control of sperm incubated without mycoplasmas. Bar =5 pum.

Photo from: Svenstrup et al. Hum Reprod, Volume 18, Issue 10, October 2003, Pages 2103-2109,
https://doi.org/10.1093/humrep/deg392
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2.7 Health Outcomes of Mycoplasma genitalium in Women

This chapter will explore the specific syndromes and sequelae that are associated with M.genitalium
infection in women. These conditions may prompt testing for M.genitalium infection, or may be
diagnosed subsequently following M.genitalium detection.

2.7.1 Cervicitis

Cervicitis is inflammation of the cervix, usually caused by an STI (Solnik 2018). Symptoms can
include purulent or mucopurulent vaginal discharge, dysuria, intermenstrual bleeding, or post-coital
bleeding (Solnik 2018; CDC 2015). Many women present asymptomatically (Solnik 2018; CDC
2015). Signs of cervicitis detected by a clinician on examination are higher vaginal and cervical
PMNL count; increased cervical mucus or pus; cervical motion tenderness; abnormal vaginal
discharge and increased cervical bleeding inducibility (Solnik 2018; CDC 2015). Cervicitis
increases a woman’s risk of developing PID (Lusk et al. 2008). It also increases the risk of
contracting HIV from an infected partner (Lusk et al. 2008).

No definitive criteria exist to ensure a consistent diagnosis of cervicitis internationally (McGowin et
al. 2011). This has led to difficulties establishing M.genitalium as a cause of cervicitis, as results
between many studies are incomparable due to the use of varied criteria. The United States Centers
for Disease Control and Prevention (CDC) states two major diagnostic signs are used to characterise
cervicitis: 1) mucopurulent endocervical exudate noted on examination, and/or 2) inducible
endocervical bleeding, whilst swabbing the cervical os (CDC 2015). Many studies of asymptomatic
cervicitis rely on the presences of PMNLSs only, yet the criteria of increased PMNLS has not been
standardised and it therefore not reliable (CDC 2015).

Cervicitis has been detected in up to 50% of women with M.genitalium when examined in STI
clinic populations (Falk et al. 2005). A meta-analysis by Lis et al. demonstrated a significant
association between M.genitalium and cervicitis, with a pooled OR of 1.7 (95%CI: 1.4-2.0) (Figure
5) (Lis et al. 2015). This analysis included both studies that defined cervicitis clinically and studies
that defined cervicitis by PMNL count (including asymptomatic cervicitis). The review found no
difference in the pooled estimate when data was stratified by definition of cervicitis (Lis et al.

2015), however the data was not shown.

A review of M.genitalium and cervicitis by McGowin et al. determined that a high PMNL count
(>30 PMNL/hpf) was not a specific sign of M.genitalium associated-cervicitis, and diagnosis based
on PMNL count may fail to detect less severe inflammation (McGowin et al. 2011), with only three

out of seven included studies showing a significant correlation between PMNL and
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M.genitalium infection (Falk et al. 2005; Manhart et al. 2003; Moi et al. 2009a). This review found
that discharge was the most common sign associated with M.genitalium and cervicitis (McGowin et
al. 2011), with half the studies included in the review finding this association (Gaydos et al. 2009a;
Arréiz et al. 2008; Manhart et al. 2008; Spence et al. 2007).

First Year %
Author  Published OR (95% Cl) Weight
Palmer 1991 —_— 0.33 (.08, 1.37) 1.80
Uno 1997 - > 17.02(94,307.88)  0.49
Casin 2002 d—— 1.54 (.81, 2.91) 5.52
Manhart* 2003 L 3.30 (1.66, 6.40) 5.18
Anagrius 2005 — 4.42 (1.52, 12.83) 2.83
Pepin* 2005 —— 1.60 (1.00, 2.70) 6.95
Falk 2005 —:—0— 2.37 (1.06, 5.27) 4.23
Korte* 2006 —_— 0.65 (.15, 2.90) 1.66
Pepin* 2006 —— 2.00 (1.10, 3.70) 5.80
Hogdahl 2007 —_— 1.45 (.62, 3.35) 3.98
Manhart 2008 —— 1.31 (.69, 2.49) 5.47
Huppert 2008 —o—~ 0.80 (.43, 1.46) 5.80
Gaydos* 2009 [ —— 2.41 (1.32, 4.40) 5.85
Moi 2009 - 1.26 (.98, 1.62) 9.93
Falk 2010 —t— 1.58 (.44, 5.69) 2.12
Lusk* 2011 - 1.24 (1.04, 1.48) 10.74
Bjartling* 2012 = = 3.80 (2.06, 7.03) 5.73
Mobley* 2012 —— 2.11 (1.04, 4.26) 493
Vandepitte 2012 — 1.26 (.84, 1.91) 7.97
Oliphant* 2013 ——— 2.64 (.95, 7.34) 3.02
Overall (/2 =56.6%, P=.001) Q 1.66 (1.35, 2.04) 100.00
NOTE: Weights are from random-effects analysis i
| | | | | |
2 512 5§10
Figure 4. Forest plot of the association between Mycoplasma genitalium and cervicitis.
*Adjusted effect estimate (crude effect estimate in all other cases). Forest plot and text from Lis
et al. M.genitalium infection and female reproductive tract disease: a meta-analysis 2015.(Lis et
al. 2015)

2.7.2 Urethritis

As stated above, urethritis is inflammation of the urethra, usually caused by bacterial infection.

Symptoms include dysuria, increased urgency, and hesitancy starting urination (Falk et al. 2005).

While the association between M.genitalium and non-gonococcal urethritis in men has been clearly
determined, there are far less studies exploring this association in women. Many of the studies that

do examine urethritis in women combine it as an outcome with cervicitis, making it difficult to
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interpret the exact proportion of either in the study population being reported on (Anagrius et al.
2005; Falk et al. 2005). A review conducted in 2011 reported M.genitalium was detected in 4-9% of
women with urethritis (Manhart et al. 2011), however this review only included three studies. Only
two out of three studies reported a significant association between M.genitalium and urethritis in
women (Anagrius et al. 2005; Moi et al. 2009a), with ORs between 2.1-2.5 (Manhart et al. 2011).
One of these studies reported that M.genitalium was associated with microscopic signs of urethritis
(PMNLSs) but not symptoms such as dysuria (Anagrius et al. 2005). Further research is needed in
this area, as there are too limited studies to determine the true association between M.genitalium

and urethritis in women.

2.7.3 Pelvic Inflammatory Disease

2.7.3.1 Definition

PID encompasses all inflammatory disorders of the female upper genital tract. This includes any
combination of endometritis, salpingitis, tubo-ovarian abscess, and pelvic peritonitis (Soper 2010).
The primary cause is STIs, most commonly N.gonorrhoeae or C.trachomatis (Ness et al. 2002;
Burnett et al. 2012).

2.7.3.2 Pathophysiology of Pelvic Inflammatory Disease

PID occurs after the protective cervical barrier is breached by pathogens, which then ascend to the
upper genital tract (Westrom et al. 1993). The cervical barrier is most commonly breached by
bacteria following chronic cervical or vaginal infection (Westrém et al. 1993). They may also
ascend through medical interventions, surgical interventions, and the use of instrumentation such as
in dilatation and curettage, termination of pregnancy, or insertion of an intrauterine device (Scholes
et al. 1996). Epithelial damage to the cervix can occur due to N.gonorrhoeae or C.trachomatis
infection, which allows for opportunistic bacteria to ascend (Scholes et al. 1996). Once bacteria
have breached the cervical barrier they enter the endometrial cavity infecting the uterus, fallopian

tubes, and/or ovaries (Dayan 2006).

Inflammation occurs after the upper genital tract is infected, with the degree of inflammation
moderated by both microbial and host factors (Westrom et al. 1993). Scarring may occur, with the

amount of scarring dependent upon the degree to which inflammation occurred (Patton et al. 1987).

PID symptoms and sequelae are dependent on which structures are affected by inflammation and
subsequent scarring (Westrom et al. 1993; Patton et al. 1987). For example, if bacteria only infect
the fallopian tubes, scarring may occur at this site and the expected subsequent sequelae will be

tubal pathologies.
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2.7.3.3 Symptoms and Signs of Pelvic Inflammatory Disease

PID can present with a wide variation of symptoms, which patients may experience to varying
degrees. Some women present asymptomatically (with PID only detected upon examination), whilst
others require hospital admission due to the severity of their symptoms. Symptoms of PID include
lower abdominal pain, abnormal cervical or vaginal discharge (Ross et al. 2011; CDC 2015),
abnormal bleeding (post-coital bleeding, inter-menstrual bleeding, or menorrhagia) (Jacobson et al.
1969), dysuria, chills or high fever, dyspareunia, nausea, and vomiting (CDC 2015; Ross et al.
2011).

On examination signs include uterine tenderness, cervical motion tenderness (CDC 2015), and
adnexal tenderness (Peipert et al. 2001; CDC 2015).

2.7.3.4 Diagnosis of Pelvic Inflammatory Disease

Diagnosis of acute PID is difficult due to the large variation of signs and symptoms in each
individual. Laparoscopy is the gold standard for diagnosis, as PID can be asymptomatic
(Maleckiene et al. 2009; Gump et al. 1983). However, laparoscopy is not readily available in many
settings, as it requires hospitalisation and is both costly and invasive. Therefore, PID is commonly
diagnosed clinically using more subjective clinical criteria, with the sensitivity of clinical diagnosis

ranging greatly between 65-90% (Jacobson et al. 1969; Peipert et al. 1997; Livengood et al. 1992).
The following criteria are used to diagnose PID according to the US CDC (CDC 2015):

e Sexually active young women, or other women who are at risk for STI
e Experiencing lower abdominal or pelvic pain
e No other cause for the illness other than PID is identifiable
e One or more of the following is found on examination:
o Cervical motion tenderness
o Uterine tenderness

o Adnexal tenderness

The above criteria are considered diagnostic for PID however the following additional criteria

increases the specificity of the diagnosis:

e Oral temperature >38.3° C

e Abnormal cervical mucopurulent discharge

e Cervical contact bleeding

e Presence of abundant numbers of white blood cells on saline microscopy of vaginal fluid
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e Elevated erythrocyte sedimentation rate
e Elevated C-reactive protein
e Laboratory documentation of cervical infection with N.gonorrhoeae or C.trachomatis,
through first pass urine or vaginal/cervical swab.
The Melbourne Sexual Health Centre adopted the CDC guidelines to diagnose PID presumptively
in women attending their service with pelvic pain (CDC 2015; MSHC 2014).

2.7.3.5 Mycoplasma genitalium associated Pelvic Inflammatory Disease

Moller et al. first discovered M.genitalium to be associated with PID in 1985, when grivet monkeys
and marmosets inoculated with M.genitalium developed moderate to severe endosalpingitis (Moller
et al. 1985). It took much longer for the association between M.genitalium and PID to be confirmed
in humans. In 2005, a Kenyan study established that M.genitalium had the ability to ascend into the
fallopian tubes (Cohen et al. 2005). This study did not confirm its role in causing tubal pathology, it
merely confirmed that M.genitalium could invade the upper genital tract in women. In 2010
McGowin et al. demonstrated that M.genitalium has the ability to ascend not only into the fallopian
tubes, but to all of the upper genital tract in mouse models (McGowin et al. 2010). It has been
suggested that M.genitalium can attach to the spermatozoa and can be directly introduced to the
upper genital tract through intercourse (Svenstrup et al. 2003), in addition to introduction through

injury or insult to the cervix as is usually seen in the pathogenesis of PID.

Clinical studies have confirmed the presence of M.genitalium in women with suspected PID
(Haggerty et al. 2006; Simms et al. 2003). The Pelvic Inflammatory Disease Evaluation and
Clinical Health (PEACH) study, an American multicentre randomised control trial (RCT) which
used a stringent definition of PID, reaffirmed this data; 8.0% of women with clinically suspected
PID tested positive for M.genitalium in endometrial specimens (Haggerty et al. 2008). These
women had histologically confirmed endometritis at three times the rate of women without
M.genitalium (Haggerty et al. 2008). The PEACH study also indicated that the relationship between
M.genitalium and PID is independent and causal (Cohen et al. 2002).

In further analysis of the PEACH study, M.genitalium was found to account for 14% of non-
N.gonorrhoeae non-C.trachomatis PID (Haggerty et al. 2006). C.trachomatis accounted for 13.5%
of all cases of PID, and N.gonorrhoeae accounted for 14.7% of all cases (Ness et al. 2002). This
association was further confirmed by a study of non-C.trachomatis adnexitis in which 4.1% of
women with the condition tested positive for M.genitalium, compared to zero percent of the control
group (Uno et al. 1997).
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From research starting in 1985, M.genitalium was finally accepted as a cause of PID following a
2015 meta-analysis by Lis et al. as mentioned above (Simms et al. 2003; Lis et al. 2015). This
analysis showed that M.genitalium was associated with a two-fold increased risk of developing PID
[pooled OR of 2.1 (95%CI: 1.3-3.5)](Figure 6) (Lis et al. 2015). A study by Horner et al. collated
data from multiple studies and used mathematical modelling to estimate that 4.9% (95%CI: 0.4—
14.1) of M.genitalium infections progress to PID, compared with 14.4% (95%ClI: 5.9-24.6) of
C.trachomatis infections (Lewis et al. 2020). They estimated that in 2529 women included in the
Prevention of Pelvic Infection (POPI) trial, a RCT designed to assess the incidence of clinical PID
over 12 months (Oakeshott et al. 2010b), 9.4% (95%CI: 0.8-28.8) of PID was attributable to
M.genitalium infection, compared to 37.4% (95%CIl: 14.9-63.9) attributable to C.trachomatis
(Lewis et al. 2020). The POPI study found that in sexually active female students in London
(n=2529), the incidence of PID amongst women with M.genitalium was 3.9%, compared to 1.7% in
those without the infection (Oakeshott et al. 2010a).

Importantly, a Danish study found untreated M.genitalium was associated with a six-fold increased
risk of PID following the termination of pregnancy (OR 6.3; 95%CIl: 1.6-25.2) (Bjartling et al.
2010). This is an important consideration in antibiotic treatment prior to termination of pregnancy,
given 8.7% of women presenting for this procedure in New Zealand were found to have
M.genitalium (Lawton et al. 2008).

2.7.3.6 Mycoplasma genitalium Associated Pelvic Inflammatory Disease Compared with
Pelvic Inflammatory Disease of Other Causes

There are limited studies examining the clinical symptoms and signs of M.genitalium-PID
specifically. M.genitalium has been shown to cause asymptomatic infection (Williams et al. 2007),
however whether that can lead to asymptomatic PID as seen in C.trachomatis infections remains to
be seen (Lan et al. 1995; Gump et al. 1983). In one study of M.genitalium and acute endometritis,
common symptoms included mild abdominal pain and easily induced cervical bleeding (Cohen et
al. 2002). There is little else published on symptoms and signs specifically regarding M.genitalium-
PID.

There is also little published comparing M.genitalium-PID to PID of other causes. There is one
American study by Short et al., which utilised the PEACH study data, directly comparing
M.genitalium-PID to other causes of PID. This study assessed oral temperature, WBC count,
erythrocyte sedimentation rate, C-reactive protein level, bilateral adnexal tenderness, mucopurulent
cervicitis, and bacterial vaginosis (Short et al. 2009). Signs and symptoms of nausea, abnormal

bleeding, abnormal discharge, increased frequency of urination, and pelvic pain score were also
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collected. N.gonorrhoeae-PID was associated with elevated markers of inflammation, mucopurulent

cervicitis, elevated vaginal pH, and a high pelvic pain score. M.genitalium-PID and C.trachomatis-

PID were suggested to have similar symptoms in this study, with no significant differences between

the two noted (Short et al. 2009).
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Figure 5. Forest plot of the association between Mycoplasma genitalium and pelvic

*Adjusted effect estimate (crude effect estimate in all other cases). Forest plot and text from Lis
et al. Mycoplasma genitalium infection and female reproductive tract disease: a meta-analysis
2015(Lis et al. 2015)

2.7.3.7 Complications of Pelvic Inflammatory Disease

It is important to diagnose and treat PID early due to the severity of sequelae. PID is associated with

the following complications:

e Recurrent PID (Ness et al. 2002)

e Chronic pelvic pain (Ness et al. 2002): pain in the pelvic region lasting six months or

longer.

o Infertility (Westrom et al. 1992): a couple who after twelve months of regular unprotected

sexual intercourse during the fertile phase of the females menstrual cycle, have been unable

to conceive.
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e Ectopic pregnancy (Westrom et al. 1992): pregnancy developing outside of the uterus,
typically in a fallopian tube.

e Tubo-ovarian abscess (Chappell et al. 2012): an inflammatory mass involving the fallopian
tube, ovary and other adjacent pelvic organs, manifesting as an agglutination of those
structures or as a collection of pus.

e Fitz-Hugh-Curtis syndrome (rare) (Litt et al. 1978): inflammation of the peritoneum and
Glisson’s capsule, causing perihepatitis. This can lead to the formation of adhesions between

the peritoneum and the liver.

Complications such as ectopic pregnancy are potentially life threatening, and highlight the
importance of diagnosis and treatment of PID.

Many patients have long-term sequelae following PID regardless of successful treatment of the
causative pathogen. Nearly 45% of patients have been reported to go on to experience chronic
pelvic pain, 20% infertility, and 2% ectopic pregnancy (Figure 7) (Ness et al. 2002; Ross 2014).
Women with recurrent PID have even higher rates of complications than those with successfully
treated PID. This is particularly relevant for M.genitalium-PID, as nearly half of the women are not
cured of the disease following the current PID treatment guidelines (see Chapter 2.8.2.3) (Haggerty
et al. 2008).

Women who have recurrent PID are 1.8 times more likely to report infertility. However there have
been no reported differences between live births (birth outcomes) in adult women with recurrent
PID compared to those who have been cured. Women with recurrent PID are 4.2 times more likely
to report chronic pelvic pain (Ross 2014; Trent et al. 2011). In American adolescents, women aged
nineteen and younger, there were no significant statistical differences in pregnancy, live birth and
infertility at baseline based on recurrent PID status. However they are 5.0 times more likely to

report chronic pelvic pain (Figure 8) (Ness et al. 2002; Trent et al. 2011).
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Figure 6. Incidence of long-term sequelae following treatment of Pelvic Inflammatory

Disease.

From Ross JD, Pelvic inflammatory disease, Medicine: Elsevier; 2014(Ross 2014)

2.7.4 Birth Outcomes

There are very limited and conflicting studies that discuss birth outcomes in women with
M.genitalium. Adverse birth outcomes include but are not limited to: preterm birth, spontaneous

abortion (miscarriage), stillbirth, and ectopic pregnancy.

The 2015 meta-analysis by Lis et al. concluded there was a significant association between
M.genitalium and preterm birth [OR 1.9 (95%CI: 1.3-2.9), and M.genitalium and spontaneous
abortion [OR 1.8 (95%CI: 1.0-3.0)] (Lis et al. 2015). Lis drew from a very limited pool of sources
with only 3 studies included on spontaneous abortion (Figure 8).

While studies have indicated a significant association between M.genitalium and preterm birth
(Hitti et al. 2010), other studies examining M.genitalium in this population have concluded the
prevalence of M.genitalium is so low, it is unlikely to be a significant contributing factor to this
condition (Lu et al. 2001). This finding was mirrored in a study of M.genitalium and miscarriage,
which failed to detected M.genitalium in any of the women enrolled in the study (Contini et al.
2019). A review article by Donders et al. concluded the prevalence of M.genitalium amongst

pregnant women was approximately 0.5-1.0% (Donders et al. 2017).

Lis’s meta-analysis was unable to further examine the outcomes of stillbirth or ectopic pregnancy

due to limited data. There have only been two studies which have examined the association between
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M.genitalium and stillbirth, with neither detecting an association (Labbe et al. 2002; Short et al.
2010). Both of these studies also examined whether M.genitalium was associated with premature
birth, and did not detect an association (Labbe et al. 2002; Short et al. 2010).

There have been two studies examining the association between M.genitalium and ectopic
pregnancy. In a Saudi Arabian study of tubal specimens from women undergoing a total abdominal
hysterectomy, a tubectomy, or women who had had an ectopic pregnancy (n=135), M.genitalium
was significantly more common among women who had ectopic pregnancies, compared to women
who were undergoing a total abdominal hysterectomy, [COR 6.2 (95%Cl: 2.3-18.1, p=0.009]
(Ashshi et al. 2015). A Swedish study detected M.genitalium in 18.8% (15/82) women with ectopic
pregnancy, but M.genitalium was not significantly associated with ectopic pregnancy (p=0.429)
(Jurstrand et al. 2007). The data on the contribution of M.genitalium to ectopic pregnancy in women
remains conflicting, however given ectopic pregnancy can be a complication of PID, it remains
biologically plausible that M.genitalium may contribute to ectopic pregnancy. Further research is
required to examine the association between ectopic pregnancy and M.genitalium, which is
particularly important due to the life-threatening nature of this condition.

2.7.5 Infertility

As stated above in cha 2.8.4, infertility is defined as being present in a couple who after twelve
months of regular unprotected sexual intercourse during the fertile phases of the menstrual cycle,

but are unable to conceive (Evers 2002). The following studies discuss female factor infertility.

The literature has been conflicting concerning the association between tubal factor infertility and
M.genitalium. Many past studies used serology to assess the role of M.genitalium in tubal factor
infertility, which as mentioned previously is neither accurate nor specific: this makes it hard to

study the associations with rigor.

According to the meta-analysis by Lis et al., the pooled OR for M.genitalium-associated infertility
was 3.4 (95%Cl: 0.9-6.3) (Figure 9) (Lis et al. 2015). Although this finding was not statistically

significant, it indicates a trend toward reproductive morbidity (Haggerty et al. 2011).

One Danish study found M.genitalium 1gG antibodies are more likely to be found in women with
tubal factor infertility (Svenstrup et al. 2008), whilst another study in Sweden found the opposite to
be true (Idahl et al. 2015). M.genitalium IgG antibodies were more prevalent in infertile couples
than couples able to spontaneously conceive (Idahl et al. 2015). MgPa, the major adhesin protein of
M.genitalium, has been detected more frequently in the serum of women with tubal factor infertility

than women without it (Clausen et al. 2001).
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The data remains conflicting on the contribution of M.genitalium to infertility in women, however
given M.genitalium is associated with PID, it remains plausible that M.genitalium may contribute to
infertility in women. PID is a known cause of infertility, as the inflammation can lead to scarring of
the fallopian tubes (Westrom et al. 1992). Further research is required to examine the association

between infertility and M.genitalium in women.

Sequelae Following Recurrent PID

80

70

50
Percentage 40
30
20
10 I I
0

Pregnancy Live Birth Infertility Chronic Pelvic
Pain

Sequalae

m Recurrent PID m PID cured Adolescent with recurrent PID m Adolescent with cured PID

Figure 8. Sequelae following recurrent pelvic inflammatory disease.

Percentage of women experiencing sequelae following recurrent PID versus percentage of women
experiencing sequelae following cured PID. From information in the PEACH study 2002 (Ness et
al. 2002) and Trent et al. Adverse adolescent reproductive health outcomes after pelvic
inflammatory disease. Arch Pediatr Adolesc Med. 2011(Trent et al. 2011)
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Figure 7. Forest plot of the association between Mycoplasma genitalium and spontaneous
abortion.

*Adjusted effect estimate (crude effect estimate in all other cases). Forest plot and text from Lis
et al. Mycoplasma genitalium infection and female reproductive tract disease: a meta-analysis
2015. (Lis et al. 2015)
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Figure 8. Forest plot of the association between Mycoplasma genitalium and female
infertility.

*Adjusted effect estimate (crude effect estimate in all other cases). Forest plot and text from Lis
et al. Mycoplasma genitalium infection and female reproductive tract disease: a meta-analysis
2015. (Lis et al. 2015)
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2.8 Treatment of Mycoplasma genitalium
2.8.1 Effective Antimicrobials

M.genitalium is treated with broad-spectrum antimicrobials, however treatment is increasingly
complicated due to widespread antimicrobial resistance. As discussed in chapter 2.1 M.genitalium
has no peptidoglycan wall, which limits the cellular targets for antimicrobials. Antibiotic targets for
M.genitalium include antibiotics that inhibit protein synthesis and antibiotics that inhibit nucleic
acid replication. Classes of antibiotics that M.genitalium has been shown to be susceptible to
include tetracyclines, macrolides, and extended spectrum fluoroquinolones (Hamasuna et al. 2005;
Hamasuna et al. 2009; Hannan 1998; Plecko et al. 2014). Other potential classes of antibiotics
include ketolides, lincosamides, streptogramins and phenicols, but as these are rarely employed in
standard clinical care and as such will not be discussed further. Beta-lactam antibiotics (including
penicillins, cephalosporins, carbepenams and monobactams) are commonly employed in clinical
care for common bacterial infections, but as these work at the cell wall of bacteria they are all
ineffective against M.genitalium (Taylor-Robinson et al. 1997).

The World Health Organisation (WHO) recommends any drugs used in the treatment of STIs have
an efficacy of 95% or greater (WHO 2003), however the majority of antimicrobials for
M.genitalium have fallen short of this cure rate. Resistance to the drug classes most widely used
against M.genitalium has occurred and is increasing. Transmission of M.genitalium mutations,
which confer resistance, is discussed in chapter 2.1. The future may require tailoring treatment
according to specific M.genitalium mutations that render certain antibiotics ineffective (Nijhuis et
al. 2015). This chapter will discuss the antimicrobials most commonly used to treat M.genitalium,

as well as M.genitalium treatment guidelines.

2.8.1.1 Tetracyclines

When M.genitalium was discovered, it was established as a cause of non-gonococcal urethritis in
men, as discussed above. The recommended treatment for non-gonococcal urethritis is doxycycline,
a member of the tetracycline family. Doxycycline was therefore the first antibiotic assessed for
efficacy in treating M.genitalium. Doxycycline works biostatically by binding with ribosomes and
inhibiting bacterial protein synthesis (Amin et al. 1996). Initial assessment of tetracycline efficacy
against M.genitalium was promising, with ability proven in vitro (Bebear et al. 2000; Duffy et al.
2000; Renaudin et al. 1992). The minimum inhibitory concentrations represent the lowest
concentration (in micrograms/millilitre) of an antibiotic that inhibits the growth of a given strain of
bacteria, with sensitivity or susceptibility implying that a bacterium is inhibited by a drug at its
usual given dose (IDEXX Lab 2017). Initial studies found that tetracyclines were effective
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treatment for M.genitalium, with minimum inhibitory concentrations in the susceptible range
(Bebear et al. 2000; Duffy et al. 2000; Renaudin et al. 1992). However, these initial studies only
looked at the G37 strain of M.genitalium. When other strains were examined, in vitro efficacy
declined and M.genitalium showed resistance to doxycycline (Hamasuna et al. 2005; Hannan 1998).

Clinical trials also showed low efficacy in vivo. Manhart’s 2011 RCT stated that the pooled
microbiological cure rate of the efficacy of doxycycline for M.genitalium was 41.5%, compared to
79.6% with azithromycin (Manhart et al. 2011). Prior to the emergence of macrolide resistance, a
1g stat dose of azithromycin was significantly more effective than a 7-day twice daily dose of
doxycycline (Bjornelius et al. 2008; Manhart et al. 2011). Doxycycline is therefore not
recommended for treatment of M.genitalium. While not curative, doxycycline does lower the
bacterial load of M.genitalium, which may render M.genitalium more susceptible to treatment with
subsequent antimicrobials (Read et al. 2017a; Read et al. 2018; Guschin et al. 2015; Read et al.
2019b).

2.8.1.2 Macrolides

Azithromycin has been recommended as first-line treatment for non-gonococcal urethritis, and as
stated above, was proven to be more effective than doxycycline in the treatment of M.genitalium.
Early in vitro analysis confirmed azithromycin to be exceptionally promising as a treatment for
M.genitalium (Duffy et al. 2000; Hamasuna et al. 2005), with no cases of treatment failure
(Hamasuna et al. 2005). Azithromycin was implemented as a treatment for M.genitalium following
these studies, and is recommended in national and international guidelines as first line therapy for
M.genitalium (ASHA 2018; CDC 2015). Azithromycin works biostatically like doxycycline,
interfering with protein synthesis by binding to the 50S subunit of the bacterial ribosome and thus

inhibiting translation of messenger-RNA (Retsema et al. 1987).

In 2008, M.genitalium-associated cervicitis had a cure rate of 90.5% with azithromycin (Terada et
al. 2012). Longer courses of treatment were shown in some Scandinavian studies to have a higher
microbiological cure rate than treatment regimens of a 1g stat dose (Bjornelius et al. 2008).
However there has been increasing resistance to macrolides, with 100% of treatment failures
containing macrolide resistant mutations (Anagrius et al. 2011). Single nucleotide polymorphisms
in domain V of the 23S rRNA gene of M.genitalium confer high-level macrolide resistance
(Chrisment et al. 2012). A review performed in 2015 gave a pooled efficacy of 77.2% for
azithromycin in urogenital M.genitalium (Lau et al. 2015) (Figure 10). A subgroup analysis showed
that the overall efficacy decreased from 85.3% in studies conducted prior to 2009 to 67.0% in

studies conducted since 2009 (Lau et al. 2015). A recent meta-analysis by Machalek et al. published
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in 2020 also examined the prevalence of macrolide resistance mutations over time. Before 2010 the
overall summary prevalence of mutations associated with macrolide resistance was 10.0% (95%Cl:
2.6-20.1); from 2016-2017 it had increased to 51.4% (40.3-62.4) (p<0.0001) (Machalek et al.
2020). Changes in macrolide resistance varied by geographical region, with the greatest increases in
mutation prevalence over time noted in Australia, from 18.8% before 2010, to 66.0% in 2016-17
(p<0.0001) (Machalek et al. 2020). Since this meta-analysis, even higher rates of resistance have
been reported, with macrolide resistance rates as high as 90% reported in 2019 amongst MSM in
Australia (Mclver et al. 2019). Although azithromycin was initially highly effective in the treatment
of M.genitalium, it is clear this efficacy is declining over time.
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Figure 9. Microbial cure following treatment with one gram of azithromycin for urogenital
Mycoplasma genitalium infection(Lau et al. 2015).

Studies performed in Melbourne are highlighted. Forest plot from Lau et al. The Efficacy of
Azithromycin for the Treatment of Genital Mycoplasma genitalium 2015. (Walker et al. 2013;
Bissessor et al. 2015).
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Macrolide resistant mutations have also been detected in cases of azithromycin treatment failure
that were not present prior to treatment, i.e. the mutation occurred as a direct consequence of
treatment (Ito et al. 2011). Treatment of M.genitalium with 1g azithromycin has been shown to
select for macrolide resistance in at least 12% of M.genitalium infections (Read et al. 2017a;
Bissessor et al. 2015). M.genitalium load may contribute to macrolide resistance; patients with a
lower pre-treatment load appear more effectively treated with macrolide antibiotics than those with
a high pre-treatment load (Guschin et al. 2015; Walker et al. 2013).

Collectively, this data shows that despite being retained as first line therapy for M.genitalium by the
majority of international guidelines, azithromycin is no longer a highly effective treatment for
M.genitalium in many countries (Bissessor et al. 2015; Tagg et al. 2013).

2.8.1.3 Fluoroquinolones

Fluoroquinolones have been a more recent addition to M.genitalium treatment regimens, initially
used as highly effective second line agents for treatment failures of azithromycin-treated non-
gonococcal urethritis in 2006. Fluoroquinolones exhibit concentration-dependent bactericidal
activity by inhibiting the activity of DNA gyrase and topoisomerase, enzymes essential for bacterial
DNA replication (Hooper 1995). In vitro studies indicate M.genitalium has a reduced susceptibility
to older generation fluoroquinolones, examples being ofloxacin and ciprofloxacin, compared to
newer fourth generation fluoroquinolones (Renaudin et al. 1992), such as moxifloxacin. In clinical
studies of the fluoroquinolones, moxifloxacin is the most effective against M.genitalium to date
(Manhart et al. 2011). There have been no RCTs performed evaluating moxifloxacin as a therapy
for M.genitalium. Moxifloxacin was reported to have a 100% microbiological cure rate when

initially used to treat M.genitalium in 2006 (Jernberg et al. 2008).

Although 100% effective, moxifloxacin was not universally deployed due to the side effect profile
of fluoroquinolones. Newer generation fluroquinolones have been associated with severe
anaphylaxis, QTc-interval prolongation, cardiotoxicity, central nervous system side effects, and
tendon rupture, in addition to the side effects usually associated with antibiotics such as diarrhoea,
nausea and vomiting (Bertino et al. 2000; Sarro et al. 2001). Severe side effects of moxifloxacin
specifically include peripheral neuropathy, hepatitis, torsades de pointes, Clostridium difficile-
associated disease, spontaneous tendon rupture, and tendonitis (Carbon 2001). Although these side
effects are rare, they are an important consideration for clinicians, when considering the cost-benefit
of treatment using fluoroquinolones. Out of all the quinolones, moxifloxacin has one of the lowest

risks of central nervous system side effects (Carbon 2001).
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Unfortunately, fluoroquinolone resistance also appears to be emerging in the Asia-Pacific region.
The first cases of fluoroquinolone failure in the treatment of M.genitalium were reported in Sydney
in 2013 (Couldwell et al. 2013). The aforementioned meta-analysis by Machalek et al. found the
summary prevalence of mutations associated with fluoroquinolone resistance to be 7.7% (95%CI:
4.5-11.4), however unlike with macrolides, they did not find the prevalence of mutations to change
significantly over time (Machalek et al. 2020). While azithromycin has commonly been utilised
internationally in the treatment of ST1s, the detection of mutations and failures of fluoroquinolones
is a concern given the lack of local evolutionary pressure: fluoroquinolones are not first line
treatment for any ST1 and they are not widely used for the treatment of other infections due to their
side effect profile (Couldwell et al. 2013). In the meta-analysis, the highest prevalence of
fluoroquinolone resistance mutations occurred in Japan (29%), the region where fluoroquinolones
have been used most commonly in the treatment of M.genitalium and non-gonococcal urethritis
(Machalek et al. 2020; Hamasuna et al. 2018). This suggests that with increasing use,
fluoroguinolones may face a decline in efficacy over time comparable to macrolides. In cases of
treatment failure, all have had M.genitalium strains with fluoroquinolone associated resistant

mutations detected (Bissessor et al. 2015).

In 2013, the first strains of M.genitalium harbouring both macrolide and fluoroquinolone resistant
mutations were noted in Japan (Kikuchi et al. 2014). Machalek’s meta-analysis found the summary
prevalence of dual resistance was 2.8% (95%CI: 1.3-4.7), which did not change significantly over
time (Machalek et al. 2020). In Japan, where prevalence of dual class resistance was highest, the
prevalence increased from 0.0% before 2010 to 25.6% in 201617, although this increase was not

statistically significant (p=0.22), likely due to small numbers of studies (Machalek et al. 2020).

Sitafloxacin, an extended spectrum fluoroquinolone, has recently been assessed as an alternative
agent to M.genitalium strains harbouring resistance to other fluoroquinolones, and was shown to be
highly effective (Deguchi et al. 2015).

While resistance increases, moxifloxacin is still highly effective in Europe and Scandinavia
(Manhart et al. 2011), as the region with the lowest prevalence of mutations associated with
resistance noted in Machalek’s analysis (2.8%) (Machalek et al. 2020). It has the highest proven
efficacy of any antibiotic for the treatment of M.genitalium in these regions and the Asia-Pacific
region, in spite of resistance and side-effect profile, and will continue to be of use in the treatment

of M.genitalium for some time to come.
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2.8.2 Treatment guidelines
2.8.2.1 Treatment of Mycoplasma genitalium

The Australian ST1 Management Guidelines recommend the therapy for M.genitalium as outlined in
Table 1(ASHA 2018). They advise when there is no access to resistance testing, it is reasonable to
assume macrolide resistance when infections persist after azithromycin treatment, or in patients
who are MSM. Both the American and British STI guidelines do not contain direction for
M.genitalium detection, but contain information for M.genitalium detection within the context of
clinical syndromes i.e. M.genitalium-associated urethritis, M.genitalium-associated cervicitis and
M.genitalium-PID. These will be discussed in subsequent chapters.

2.8.2.2 Treatment of Mycoplasma genitalium associated urethritis and cervicitis

The Australian STI Management Guidelines do not contain specific direction around the treatment
of M.genitalium-associated urethritis or M.genitalium-associated cervicitis. The British and US
guidelines for treatment of uncomplicated urogenital infection are discussed in Table 2.

2.8.2.3 Treatment of Pelvic Inflammatory Disease

PID is treated presumptively, often prior to the pathogen being identified, due to the risk of sequalae
outlined in chapter 2.9.3.6. If the CDC criteria outlined in chapter 2.9.3.4 are fulfilled, PID is
diagnosed and treated. The Australian STI Management Guidelines (ASHA 2016) and the
Australian Therapeutic Guidelines (Therapeuitc Guidelines eTG Nov 2014) recommend the
combination of antimicrobials outlined in Table 3, which target the most common aetiological

agents of PID: C.trachomatis, N.gonorrhoeae and anaerobes.

The Australian ST1 Management Guidelines recommend that patients avoid sexual intercourse for a
week following treatment and to engage in contact tracing i.e. notification of previous sexual

partners (ASHA 2016). This is not a legal requirement in Australia.

Current international guidelines for the presumptive treatment of PID do not contain an agent that is
highly effective against M.genitalium (Table 4). Many of the antibiotics recommended are beta-
lactams, which target the bacterial cell wall. As stated in chapter 2.1, M.genitalium is a mollicute

which lack a bacterial cell wall, rendering these antibiotics ineffective.
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Table 1. Recommended antibiotic regimens for the treatment of Mycoplasma genitalium
Table adapted from The Australian ST1 Management Guidelines 2016. (ASHA 2016)

Situation Recommended treatment

M.genitalium that is Doxycycline 100mg orally (PO), BD for 7 days

known to be macrolide- Followed by

susceptible Azithromycin 1g stat PO, then 500mg daily for 3 days
OR

Doxycycline 100mg PO, BD for 7 days
Followed by
Azithromycin 1g stat PO

M.genitalium that is Doxycycline 100mg PO, BD for 7 days
known or suspected to be  Followed by
macrolide-resistance Moxifloxacin 400mg for 7 days

Abbreviations: STI= sexually transmitted infection, mg=milligrams, PO=orally, BD= twice a day,
g=grams

Table 2. Recommended antibiotic regimens for the treatment of Mycoplasma genitalium
associated urethritis or cervicitis

Table adapted from BASHH STI Management Guidelines 2018 and Centers for Disease
Control and Prevention treatment guidelines (CDC 2015; BASHH et al. 2018)

Situation Recommended treatment- British Recommended treatment- US
Guidelines(BASHH et al. 2018) guidelines(CDC 2015)

M.genitalium Doxycycline 100mg PO, BD for 7 days  Azithromycin 500mg stat PO

that is known to  Followed by Followed by

be macrolide- Azithromycin 1g stat PO, then 500mg Azithromycin 250mg for 4 days

susceptible daily for 2 days

M.genitalium Moxifloxacin 400mg PO for 10 days Moxifloxacin 400mg PO for 7 to

that is known to 10 or 14 days

be macrolide-

resistance

Abbreviations: STI= sexually transmitted infection, mg=milligrams, PO=orally, BD= twice a day,
g=grams
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Data derived from the PEACH study (Ness et al. 2002) showed that when clinicians follow current
PID treatment guidelines, 43.8% of women with M.genitalium-PID will test positive for
M.genitalium following thirty days of treatment (Haggerty et al. 2008). In other studies,
M.genitalium has been associated with persistent infection (up to 3 months in approximately 47.7%
of women) despite the high prevalence of antibiotic use (Cohen et al. 2006). This is an important
finding, as M.genitalium is not eradicated in half the women with M.genitalium-PID despite being

treated in accordance with current treatment guidelines.

Until recently there have been no international guidelines for M.genitalium-PID. The Australian,
UK and US guidelines now recommend considering M.genitalium in PID cases that do not respond
to antibiotic treatment in 7-10 days (CDC 2015). A regimen of 400mg/day of moxifloxacin for 14
days has been recommended, based upon expert opinion (CDC 2015).

At present there are no studies directly examining the efficacy of antibiotics against M.genitalium in
PID, with no RCT, and expert opinion guiding the Melbourne Sexual Health Centre and CDC
antimicrobial recommendations. There has been one RCT of moxifloxacin for uncomplicated PID
which showed moxifloxacin to be highly effective in uncomplicated PID of any cause, though the
causes were C.trachomatis (n=47) and N.gonorrhoeae (n=35). Clinical resolution of PID occurred
in 90.2% of women treated with moxifloxacin, and a negative test of cure occurred in 87.5% (Ross
et al. 2006). This provided good evidence that moxifloxacin is a highly effective treatment for all
cause PID. There were only three patients with M.genitalium-PID in this study; these patients had a
100% microbiological cure rate when treated with moxifloxacin (Ross et al. 2006). Although
promising, this is an extremely small sample size. A retrospective case-notes review of
moxifloxacin for uncomplicated non-N.gonorrhoeae PID (n=257) confirmed similar efficacy,
although it is unknown how many women in this study had M.genitalium. In this series 70.2% of
patients treated with moxifloxacin experienced significant clinical improvement; 11.4%
experienced marginal clinical improvement; and 18.4% experienced no change in their symptoms
(Boothby et al. 2010). The results of these studies were comparable to the reported efficacy of
antibiotics recommended by current treatment guidelines for PID (Piyadigamage et al. 2005),
indicating that moxifloxacin is an effective treatment for C.trachomatis-PID, and PID of unknown

aetiology, and a potential agent in the treatment of M.genitalium-PID.
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Table 3. Recommended antibiotic regimens for the treatment of Pelvic Inflammatory
Disease
Table adapted from The Australian STI1 Management Guidelines 2016. (ASHA 2016)

Situation Recommended treatment

Mild to moderate Ceftriaxone 500mg in 2mL of 1% lignocaine intramuscular
Outpatient treatment injection, or 500mg 1V stat

PLUS

Metronidazole 400mg PO BD for 14 days

PLUS

Azithromycin 1g PO, stat

PLUS EITHER

Doxycycline 100mg PO, BD for 14 days

OR

Azithromycin 1g PO, one week later

Severe: Ceftriaxone 2g IV, daily

Inpatient treatment OR
Cefotaxime 2g 1V, three times daily
PLUS
Azithromycin 500mg IV, daily
PLUS
Metronidazole 500mg 1V, BD

Abbreviations: STI= sexually transmitted infection, mg=milligrams, mL=millilitres,
IVV=intravenous, PO=orally, BD= twice a day, g=grams
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Table 4. Pelvic Inflammatory Disease guidelines and their ineffectiveness for Mycoplasma

genitalium

Presumptive pelvic Reason for Ineffectiveness against M.genitalium
inflammatory disease

Regimens

Ceftriaxone Third generation cephalosporin (beta-lactam antibiotic), which
works at the bacteria’s cell wall.

Metronidazole Belongs to the class nitroimidazoles; works on anaerobes only.

Azithromycin Initially highly effective but now has cure rates as low as 60% in
Australia and many parts of the world for M.genitalium (Bissessor et
al. 2015; Tagg et al. 2013).

Doxycycline Consistently low cure rate of 20-40% for M.genitalium (Anagrius et
al. 2011).

Cefotaxime Third generation cephalosporin (beta-lactam antibiotic), which

works at the bacteria’s cell wall.
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2.9 Summary of literature review exploring Mycoplasma genitalium

M.genitalium is a relatively recently discovered bacterial STI, associated with urethritis, cervicitis
and PID. M.genitalium has intrinsically limited susceptibility to many commonly used
antimicrobials and a marked propensity to develop antimicrobial resistance, which has complicated
its management. Due to limited information regarding its natural history and lack of readily
available cheap and effective treatment options, screening for M.genitalium is not recommended in
any populations. Testing is generally limited to those with symptoms of urethritis and PID, and in
people reporting to be sexual contacts of someone with a confirmed diagnosis.

With a number of commercial diagnostic assays for M.genitalium on the horizon and increasing
testing in the community, it is important to define the prevalence of M.genitalium in specific
populations and by anatomical site, and understand its contribution to genital symptoms and
syndromes in men and women. This is particularly important in MSM, as a population at high risk
of STI, and in women, as the population most affected by the pathological consequences of STI.
This thesis seeks to expand the literature around M.genitalium prevalence, determine
M.genitalium’s association with symptoms and signs in women, and determine the efficacy of

moxifloxacin therapy for M.genitalium-PID.
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2.10 Hypotheses and Aims of Section A
2.10.1 Hypotheses

1) M.genitalium is a common STI in MSM and prevalence will vary by anatomical site, with the
lowest estimate at the pharynx.

2) Rectal M.genitalium will be a common co-infection with rectal C.trachomatis and
N.gonorrhoeae.

3) M.genitalium will be associated with common genital symptoms and signs in women such as
abdominal pain and dysuria. M.genitalium will be associated with the syndromes of cervicitis and
PID.

4) M.genitalium will present similarly to C.trachomatis, with similar symptoms and signs. The
syndrome of PID will present similarly when caused by either M.genitalium or C.trachomatis.

5) Moxifloxacin is likely to be highly effective in the treatment of M.genitalium-PID.

2.10.2 Aims

1) To determine the prevalence of M.genitalium amongst MSM by anatomical site.

2) To determine the proportion of rectal C.trachomatis and rectal N.gonorrhoeae infections in
MSM who are co-infected with rectal M.genitalium.

3) To determine the prevalence of M.genitalium in women attending a sexual health service.

4) To determine the clinical characteristics associated with M.genitalium infection in women.

5) To describe the clinical characteristics associated with M.genitalium-PID and to compare them to
those associated with C.trachomatis-PID.

6) To determine the efficacy of moxifloxacin in the treatment of M.genitalium-PID.
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3. The prevalence of Mycoplasma genitalium in men who have sex with
men.

3.1 Background

M.genitalium is an STI that was first discovered in the urethra of two men in 1981 and is recognised
as a cause of non-gonococcal urethritis in men (Tully et al. 1981). However more information is
needed on the prevalence of M.genitalium, particularly in populations at high risk for STIs such as
MSM. This is pertinent given current debate on whether or not to test or screen for M.genitalium in
various populations. There are particularly limited data on the prevalence of M.genitalium in the

rectum and pharynx.
This study contained in this chapter had the following aims:

1) To determine the prevalence of M.genitalium in the urethra of MSM..
2) To determine the prevalence of M.genitalium in the rectum of MSM.
3) To determine the prevalence of M.genitalium in the pharynx of MSM.

This findings were published in Sexually Transmitted Infections: Latimer RL, Shilling HS,
Vodstrcil LA, et al. ‘Prevalence of Mycoplasma genitalium by anatomical site in men who have sex
with men: a systematic review and meta-analysis.” Sexually Transmitted Infections 2020; 96:563-
570.

The findings were also presented as a poster at the ST1 & HIV World Congress, Vancouver,
Canada, July 14th-17th 2019. Published: Latimer R, Shilling H, Vodstrcil L, et al. P525. Prevalence
of Mycoplasma genitalium by anatomical site in men who have sex with men: a systematic review
and meta-analysis. Sexually Transmitted Infections 2019; 95:A239-A240.

The paper has been included as text in the thesis to allow for inclusion of what was supplementary
material in the published study. No alterations have been made, aside from abbreviations, figure and

table numbers, for thesis consistency. Please see Appendix A for the PDF of the published study.
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3.2 Abstract

3.2.1 Objective

To systematically review and appraise published data, to determine the prevalence of M.genitalium
in MSM tested at each anatomical site, that is, at the urethra, rectum and/or pharynx.

3.2.2 Design

Systematic review and meta-analysis.

3.2.3 Data sources

Ovid Medline, PubMed, Embase were searched for articles from 1% January 1981 (the year
M.genitalium was first identified) to 1% June 2018.

3.2.4 Data sources

Studies were eligible for inclusion if they reported M.genitalium prevalence in MSM tested at the
urethra, rectum and/or pharynx, in at least 50 MSM, using NAAT. Data were extracted by
anatomical site, symptom and HIV status. Summary estimates (95% CIs) were calculated using
random- effects meta- analysis. Subgroup analyses were performed to assess heterogeneity between

studies.

3.2.5 Results

Forty- six studies met inclusion criteria, with 34 reporting estimates of M.genitalium prevalence at
the urethra (13 753 samples), 25 at the rectum (8629 samples) and 7 at the pharynx (1871 samples).
M.genitalium prevalence was 5.0% (95% CI: 3.5 to 6.8; 12=94.0) at the urethra; 6.2% (95% CI: 4.6
to 8.1; 1=88.1) at the rectum and 1.0% (95% CI: 0.0 to 5.1; 1>=96.0) at the pharynx. The prevalence
of M.genitalium was significantly higher at urethral and rectal sites in symptomatic versus
asymptomatic MSM (7.1% vs 2.2%, p<0.001; and 16.1% vs 7.5%, p=0.039, respectively).
M.genitalium prevalence at the urethra was significantly higher in HIV- positive compared with
HIV- negative MSM (7.0% vs 3.4%, p=0.006).

3.2.6 Conclusion

M.genitalium was common in MSM, particularly at urethral and rectal sites (5% to 6%).
M.genitalium was more commonly detected in symptomatic men at both sites, and more common in
HIV- positive men at the urethra. M.genitalium was uncommonly detected in the pharynx. Site-
specific estimates are similar to those for C.trachomatis and will be helpful in informing testing

practices in MSM.
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3.3 Introduction

M.genitalium is a STI, with prevalence estimates in the general community ranging from 1.3% to
3.9% (Baumann et al. 2018). The majority of published data provides estimates of urethral infection
with less data available on M.genitalium infection in MSM, particularly for rectal and pharyngeal
sites. There has been one prior meta- analysis of community-based studies (n=8) that estimated the
overall prevalence of M.genitalium in MSM at 3.2% (95% ClI 2.1 to 5.1), but clinic studies were
excluded, and estimates were predominantly derived from urine samples (Baumann et al. 2018).

International guidelines recommend screening for C.trachomatis and N.gonorrhoeae in MSM,
(CDC 2015; Clutterbuck et al. 2016; ASHA 2020) although there is ongoing debate as to the
relative contribution of these STIs at extragenital sites to transmission (Hocking 2019). Guidelines
do not recommend screening for M.genitalium at any site (CDC 2015; Clutterbuck et al. 2016;
ASHA 2018), as the situation is more complicated than for C.trachomatis or N.gonorrhoeae due to
lack of clarity around the natural history of M.genitalium, and increasing challenges with treatment
due to antimicrobial resistance (Read et al. 2019a). Testing for M.genitalium in men with urethritis
is recommended by international guidelines (CDC 2015; BASHH et al. 2018), as its pathogenic role
in this syndrome is well established (Anagrius et al. 2005). M.genitalium’s association with rectal
symptoms and the syndrome of proctitis has been inconsistent across published studies (Read et al.
2019a; Bissessor et al. 2016), with UK and Australian guidelines recommending consideration of
testing for M.genitalium in men with sexually acquired proctitis (ASHA 2018; BASHH et al. 2018).
Site-specific prevalence estimates in MSM are needed to understand the contribution of each

anatomical site to M.genitalium transmission, and to inform testing practices in MSM.

We undertook a systematic review and meta- analysis of published studies in order to determine the
prevalence of M.genitalium at the urethra, rectum and pharynx of MSM tested for infection at each
site, and to examine the association with symptoms, HIV status and other factors on site-specific

prevalence, to inform testing and clinical practice in MSM.
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3.4 Methods

The study protocol was registered on Prospero (ID CRD42017058326).

3.4.1 Search Strategy and selection criteria

This systematic review and meta-analysis was reported according to the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (Table 5). Two authors (R.L.L, H.S.S) independently
searched for published peer-reviewed studies reporting the prevalence of M.genitalium in MSM by
anatomical site, from 1% January 1981 (the year M.genitalium was first identified) to 1% August
2017, with the search updated on the 1% June 2018.

We included cross-sectional, longitudinal and cohort studies, and RCTs where baseline
M.genitalium prevalence was reported, and conference abstracts from major STI conferences
between 1st January 2015 and 1st June 2018 for studies that may not have been published yet. The
search was performed using Ovid Medline, PubMed and Embase using search terms [(‘mycoplasma
genitalium’ or ‘mycoplasma infections’ or ‘mycoplasmosis’) and/or (‘men adj3 sex’ or ‘males ad;3
sex’ or ‘homosexual’ or ‘homosexuality’)] (Table 6). Medical Subject Headings were used where
possible. Reference lists of included studies were reviewed to identify other relevant studies.
Studies were eligible for inclusion if they were published in English and reported M.genitalium
prevalence at the urethra, rectum and/or pharynx, in at least 50 MSM, to reduce small study bias.
Prevalence at each anatomical site was defined as the prevalence among MSM tested for
M.genitalium at each anatomical site. Definition of MSM varied between studies. Participants were
assumed to be MSM if studies stated that men either had male sexual partners, or if men had a rectal
swab collected (Callander et al. 2015; Templeton et al. 2014)

Two reviewers (RLL, HSS) independently screened studies for eligibility using Covidence
systematic review software (Veritas Health Innovation, Melbourne, Australia). Abstracts and titles
were screened, and then articles reviewed. Differences were resolved by discussion with other
reviewers (CSB, LAV and/or DAM). When multiple articles reported on the same study population,

we either included the most comprehensive article or the original article published.
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Table 5. Preferred Reporting Items for Systematic Reviews and Meta-analyses.

Section/topic # | Checklist item Reported

on page #

TITLE

Title 1 | Identify the report as a systematic review, meta-analysis, or 79
both.

ABSTRACT

Structured 2 | Provide a structured summary including, as applicable: 80

summary background; objectives; data sources; study eligibility criteria,
participants, and interventions; study appraisal and synthesis
methods; results; limitations; conclusions and implications of
key findings; systematic review registration number.

INTRODUCTION

Rationale Describe the rationale for the review in the context of what is 81
already known.

Obijectives 4 | Provide an explicit statement of questions being addressed with 86
reference to participants, interventions, comparisons, outcomes,
and study design (PI1CQOS).

METHODS

Protocol and 5 | Indicate if a review protocol exists, if and where it can be 82

registration accessed (e.g., Web address), and, if available, provide
registration information including registration number.

Eligibility 6 | Specify study characteristics (e.g., PICOS, length of follow-up) 82

criteria and report characteristics (e.g., years considered, language,
publication status) used as criteria for eligibility, giving
rationale.

Information 7 | Describe all information sources (e.g., databases with dates of 82

sources coverage, contact with study authors to identify additional
studies) in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database, 84
including any limits used, such that it could be repeated.

Study selection | 9 | State the process for selecting studies (i.e., screening, eligibility, 82 and
included in systematic review, and, if applicable, included in the | Figure 11.
meta-analysis).

Data collection | 10 | Describe method of data extraction from reports (e.g., piloted 86

process forms, independently, in duplicate) and any processes for
obtaining and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., 86 + 87
PICQOS, funding sources) and any assumptions and
simplifications made.

Risk of bias in 12 | Describe methods used for assessing risk of bias of individual 87

individual studies (including specification of whether this was done at the

studies study or outcome level), and how this information is to be used

in any data synthesis.
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Table 5. cont.

Section/topic # | Checklist item Reported
on page #
Summary 13 | State the principal summary measures (e.g., risk ratio, difference 87
measures in means).
Synthesis of 14 | Describe the methods of handling data and combining results of 87
results studies, if done, including measures of consistency (e.g., 12) for
each meta-analysis.

Table 6. Search terms for the systematic review.

Embase

mycoplasma genitalium/
mycoplasma genitalium.mp.
genitalium.mp.

lor2or3

mycoplasmosis/

(men adj3 sex).mp.

(males adj3 sex).mp.
homosexual*.mp.

9. 6or7or8

10.5and 9

11.40r 10

12. Limit 11 to (english language and yr="1981 — current”)

NGO~ wWNE

OVID Medline
Mycoplasma genitalium/
Genitalium.mp.
mycoplasma genitalium.mp.
lor2or3
Mycoplasma Infections/
Homosexuality, Male/
(men adj3 sex).mp.
(males adj3 sex).mp.

9. homosexual*.mp.

10.6o0r70r8or9

11.5and 10

12.40r11

13. limit 12 to yr="1981 —current’
limit 12 to english language

ONoGaRwWNE

Medical subject headings were used where possible.
Abbreviations and symbols:
/ = Medical subject heading, .mp. = search as keyword, Adj3 = proximity operator, words found

within three words of each other, * = used for truncation i.e. permitting any letter, symbol or space
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Table 7. Adapted Risk of Bias Tool.

Adapted from Hoy et al.(Hoy et al. 2012)

Name of authors:

Year of publication:

Study title:
Risk of bias items Risk of bias levels Points scored
1. Was the study’s target Yes (LOW RISK): The study’s target population 0
population a close representationwas a close representation of the national
of the national population in population.
relation to relevant variables,  No (HIGH RISK): The study’s target population 1
e.g. age, occupation? was clearly NOT representative of the national
population.
2. Was the sampling frame a trueYes (LOW RISK): The sampling frame was a 0
or close representation of the  true or close representation of the target
MSM population? population.
No (HIGH RISK): The sampling frame was NOT 1
a true or close representation of the target
population. i.e. Selected HIV patients or
symptomatic patients.
3. Was some form of random  Yes (LOW RISK): A census was undertaken, 0
selection used to select the OR, some form of random selection was used to
sample, OR, was a census select the sample (e.g. simple random sampling,
undertaken? stratified random sampling, cluster sampling,
systematic sampling).
No (HIGH RISK): A census was NOT 1
undertaken, AND some form of random selection
was NOT used to select the sample.
4. Was an acceptable case Yes (LOW RISK): MSM was clearly defined as 0
definition of MSM used in the a male having penetrative sex in the last year; or
study? questionnaire where patients identified sex with
men
Yes (MODERATE RISK): MSM were recruited,; 1
not defined how MSM were identified, states
MSM in paper though
No (HIGH RISK): MSM was based off male 2
rectal swabs only
5. Was the same mode of data  Yes (LOW RISK): The same mode of data 0
collection used for all subjects? collection was used for all subjects.
No (HIGH RISK): The same mode of data 1
collection was NOT used for all subjects, some
had self-collected swabs/some by clinician etc.
6. Were the numerator(s) and  Yes (LOW RISK): The paper presented 0
denominator(s) for the parameterappropriate numerator(s) AND denominator(s) for
of interest appropriate the parameter of interest.
No (HIGH RISK): The paper did present 1

numerator(s) AND denominator(s) for the
parameter of interest — presented percentages or
did not present number of swabs excluded.
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7. Sample size Yes (LOW RISK): Greater than 100 MSM 0
No (HIGH RISK): Less than 100 MSM included 1
8. Was a sample size calculation Yes (LOW RISK): The paper presented 0
reported? Was the achieved appropriate calculations AND the sample size was
sample size at least as good the same as the calculation
as the sample size calculation? No (HIGH RISK): The paper did not present a 1
sample size calculation OR the sample size shown
was smaller than the sample size calculation
required.
Summary on the overall risk of LOW RISK 0-3
study bias MODERATE RISK 4-6
HIGH RISK 7-9

3.4.2 Data Extraction

Variables extracted included: name of first author, publication year, study design, geographical
location [using WHO regions (‘Regional Offices')], study period, study setting, median or mean age,
HIV-status, symptom status, symptom location, clinical diagnoses, reason for testing, number of
participants, laboratory testing methods, and number positive for M.genitalium by specimen type
(urethral swab, first-void urine, rectal swab, and/or pharyngeal swab). Reported prevalence
estimates with 95% ClIs were also extracted, and where Cls were not reported, these were calculated
using binomial methods. One reviewer (R.L.L.) extracted the data, and a second reviewer (H.S.S.)
checked extracted data for transcription errors. Any disagreements were discussed between the two
reviewers, and where required, consultation with a third reviewer (C.S.B.) was sought until
consensus was reached. Authors were contacted for prevalence data where estimates were not
stratified by anatomical site, HIV or symptom status, or if the study design suggested that additional

information was available.

3.4.3 Primary Outcome

The primary outcome was the prevalence of M.genitalium in MSM at the urethra, rectum and/or
pharynx. This was calculated as the number of men who tested positive for M.genitalium at each
site (defined as a positive test using NAAT) divided by the total number tested for M.genitalium at

the site.

3.4.4 Secondary Outcome

Secondary outcomes included the prevalence of M.genitalium either by symptom status
(asymptomatic vs symptomatic), HIV-status (HIVV-negative vs HIV-positive), or recruitment setting

or location. Analyses were dependent on sufficient data being available.
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3.4.5 Analysis

Summary prevalence estimates were calculated using random-effects meta-analysis with Freeman-
Tukey double arcsine transformation, and study specific 95% Cls computed using score method
(Nyaga et al. 2014). Included studies were examined using forest plots. 12 statistics were calculated
to assess between-study heterogeneity when more than two studies were included, with values of
<25%, 25-75% and >75% representing low, medium and high heterogeneity, respectively. The ¥
statistic was used to assess the strength of the evidence for heterogeneity.

We undertook subgroup analyses and univariable random-effects meta-regression by symptom
status, HIV-status, and broad WHO geographic region ('Regional Offices’), to investigate potential
sources of heterogeneity. Sensitivity analyses were conducted to determine the effect on summary
estimates of removal of either: i) outlier studies, or ii) studies at high risk of being non-
representative of MSM. Studies were considered outliers if they fell outside the overall pattern of
distribution for prevalence at each site. Studies were considered at risk of not representing the wider
MSM community if a) the sample was not a true representation of the broader MSM population, for
example select HIV patients, or b) MSM were not clearly defined as men who had penetrative sex
in the past year with another man. Data were analysed using Stata (V.14.0, StataCorp, Austin,
Texas, USA).

3.4.6 Assessment of Bias and Quality

The potential presence of publication and small study bias was assessed using funnel plots of
proportions against study samples size and the Egger test (Egger et al. 1997). To evaluate within
study bias, we adapted an instrument designed by Hoy et al., which examines both the internal and
external validity of the selected studies (Table 7) (Hoy et al. 2012). The tool consisted of eight
questions and two reviewers (R.L.L., H.S.S.) independently assessed each study as being low,

medium or high risk of bias for each item, with differences resolved by discussion with C.S.B.
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3.5 Results

3.5.1 Study Selection

The search process identified 4518 records and 2595 duplicates were removed. Titles and abstracts
of 1923 records were screened and 1586 excluded, leaving 337 records for full- text screening.
Forty-six records were included in the final analysis (Figure 10, included studies described in Table
8).

3.5.2 Study characteristics

Of the 46 included studies, 34 reported M.genitalium prevalence at the urethra (n=13753 samples),
25 at the rectum (n=8629 samples), and seven at the pharynx (n=1871 samples) (Table 9). Sample
sizes ranged from 51 to 6293 (Table 8). Nineteen studies provided information on the presence of
symptoms (Bissessor et al. 2016; Bradshaw et al. 2006b; Clarivet et al. 2014; Cosentino et al. 2012;
Couldwell et al. 2018; da Costa et al. 2010; Francis et al. 2008; Gottesman et al. 2017; Gratrix et
al. 2017; Hakre et al. 2017; Libois et al. 2018; Manhart et al. 2013; Mezzini et al. 2013; Moi et al.
2009b; Ong et al. 2018a; Rane et al. 2014; Read et al. 2017b; Reynolds-Wright et al. 2016; van der
Veer et al. 2016), and 29 on HIV-status (Bissessor et al. 2016; Chen et al. 2015; Clarivet et al.
2014; Cosentino et al. 2012; Couldwell et al. 2018; da Costa et al. 2010; Dionne-Odom et al. 2018;
Edouard et al. 2017; Francis et al. 2008; Fuchs et al. 2016; Gratrix et al. 2017; Hakre et al. 2017,
Ham et al. 2015; Homfray et al. 2015; Jian-Ru et al. 2012; Lefebvre et al. 2017; Libois et al. 2018;
Manhart et al. 2013; Mezzini et al. 2013; Moi et al. 2009b; Ong et al. 2018a; Peters et al. 2017,
Philibert et al. 2014; Read et al. 2017b; Reynolds-Wright et al. 2016; Ruutel et al. 2015; Soni et al.
2010; Wu et al. 2013; Zheng et al. 2014). Most studies [n=20 (42%)] were from Europe (Clarivet
et al. 2014; Cox et al. 2017; de Jong et al. 2016; Edouard et al. 2017; Homfray et al. 2015; Fuchs et
al. 2016; Lallemand et al. 2015; Lefebvre et al. 2017; Libois et al. 2018; Moi et al. 2009b; Pereyre
et al. 2017; Philibert et al. 2014; Plaas et al. 2015; Reinton et al. 2013; Reynolds-Wright et al.
2016; Ruutel et al. 2015; Soni et al. 2010; Unemo et al. 2018; van der Veer et al. 2016; Gottesman
et al. 2017), 13 (28%) were from the Western Pacific, although all were from Australia and China
(Bissessor et al. 2016; Bradshaw et al. 2009; Bradshaw et al. 2006b; Couldwell et al. 2018;
Mezzini et al. 2013; Ong et al. 2018a; Rane et al. 2014; Read et al. 2017b; Chen et al. 2015; Jian-
Ru et al. 2012; Jiang et al. 2015; Zheng et al. 2014; Wu et al. 2013), 12 (26%) were from the
Americas, predominately the USA (Cosentino et al. 2012; Creswell et al. 2012; da Costa et al.
2010; Dionne-Odom et al. 2018; Francis et al. 2008; Gratrix et al. 2017; Hakre et al. 2017; Ham et
al. 2015; Kriesel et al. 2016; Manhart et al. 2013; Munson et al. 2017; Xiao et al. 2018), and the
WHO Africa region contained only one South African tudy (2%) (Peters et al. 2017) (Table 8 &
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Table 9). Overall, 36 (78%) studies were cross-sectional (Bissessor et al. 2016; Bradshaw et al.
2009; Bradshaw et al. 2006b; Chen et al. 2015; Clarivet et al. 2014; Cosentino et al. 2012,
Couldwell et al. 2018; Cox et al. 2017; Creswell et al. 2012; da Costa et al. 2010; Dionne-Odom et
al. 2018; Edouard et al. 2017; Francis et al. 2008; Gottesman et al. 2017; Gratrix et al. 2017; Hakre
et al. 2017; Ham et al. 2015; Homfray et al. 2015; Jian-Ru et al. 2012; Jiang et al. 2015; Kriesel et
al. 2016; Lallemand et al. 2015; Lefebvre et al. 2017; Libois et al. 2018; Mezzini et al. 2013;
Pereyre et al. 2017; Philibert et al. 2014; Plaas et al. 2015; Reinton et al. 2013; Reynolds-Wright et
al. 2016; Ruutel et al. 2015; Soni et al. 2010; Unemo et al. 2018; Xiao et al. 2018; Zheng et al.
2014; Wu et al. 2013), six (13%) were retrospective cohorts (de Jong et al. 2016; Moi et al. 2009b;
Munson et al. 2017; Ong et al. 2018a; Rane et al. 2014; van der Veer et al. 2016), and four (9%)
were prospective cohort studies (Fuchs et al. 2016; Manhart et al. 2013; Peters et al. 2017; Read et
al. 2017b) (Table 8 & Table 9).
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Electronic database Electronic database

search 1/09/17 search 1/06/18

» Medline (n=1078) » Medline (n=66)

» Medline (epub » Medline (epub

ahead of print, in ahead of print, in

process (n=1193) process (n=157)

* Embase (n=1813) » Embase (n=182)
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' » <50 patients (n=45) :
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' (n=18) :
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Figure 10. Flow diagram of studies included in Meta-Analysis of the Prevalence of
Mycoplasma Genitalium amongst Men Who have Sex With Men
Abbreviations: e pub, electronic publication; n, number; NAAT, nucleic acid amplification

testing
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Table 8. Characteristics of the studies included in the meta-analysis (n=46)

Country; . .
’ Study . . - Detection Demographic g Symptom MG prevalence
Author Year Ix\é;cca)n period Setting Recruitment methods and population assay used characteristics HIV-status status nIN (%, 95% CI)
- Conducted at a walk-in ST clinic where All Symptomatic ~ Rectum: 18/154 (11.7; 7.1-17.8
(%'f:;s:gr Australia; 2'\(?3- MSM with symptomatic proctitis were Quantitative Median age 38 yme ( ! )
etal 2016 Western Auaust Clinic tested for rectal MG All MSM with PCR (range 229-58) Positive Symptomatic Rectum: 10/48 (20.8; 10.5-35.0)
\ Pacific 9 proctitis presenting during study period Y - -
2016) 2013 were recruited Negative Symptomatic Rectum: 8/106 (7.5; 3.3-14.3)
Real-time
Male sexual health nurses .
Bradshaw Australia; October systematically approached MSM . PCR SOPV patrons; FPU: 3/510 (0.6,0.1-1.7)
(Bradshaw 2001- . ; ; (LightCycler, . Rectum: 8/497 (1.6, 0.7-3.1)

2009 Western Community attending SOPVs; 76% refusal rate. median age 39 Unknown All . A
etal. Pacific September Participants were invited to provide a Roche (range 18-85) Pharynx: 0/515 (0; 0.0-0.7)
2009) 2002 P P Molecular Y Pooled: (2.1%; 95% CI 1.1-3.6%)

rectal, FPU, and pharyngeal sample . .
Biochemicals)
Bradshaw Australia: March Walk-in STI clinic where men with PCR using Unknown All FPU: 8/184 (4.3; 2.0-8.4)
(Bradshaw 2006 Western 2004- Clinic NGU were tested _for MG with automated Mean age 32.3 +/- Unknown Asymptomatic FPU: 0/75 (0; 0.0-4.8)
etal. Pacific March retrospective recruitment of case MagNA Pure 9.1 years
2006b) 2005 matched controls LC (Roche) Unknown Symptomatic FPU: 8/109 (7.3; 3.2-14.0)
2009- Male HIV/AIDS patients >18 years of .
Chen? Ching; 2011 (4 age from 13 cities in the Jiangsu Med('r:]] agig?.m
(Chen et 2015 Western surveysat  Community Province; recruited through Jiangsu Nested PCR . 9 Positive Unknown FPU: 110/617 (17.8; 14.9-21.1)
i S . 70); 44.8% MSM
al. 2015) Pacific 8month Provincial Center for Disease ]
. . with AIDS
intervals) Prevention and Control
Clarivet? April All sexually active STI clinic attendees
arivet et : - inic . . ! n-house egative symptomatic : .2;0.0-6.
(Clari 2014 France: 2009 al <3|Oé/earsr$f age |r;]M0ntpeII|er In-h PCR Mean a%e 22 (SD N A FPU: 1/85 (1.2; 0.0-6.4)
al. 2014) Europe August excluding 't o0se Wlt acurrent STI )
) 2009 including HIV
All All Rectum: 25/225 (11.1; 7.3-16.0)
Cosentino? . May All attendees at three medical centres All Asymptomatic Rectum: 23/196 (11.7; 7.6-17.1)
(Cosentino USA; 2009- . who reported having had at least one Research-'use- Median age 40 -

2012 The Clinic e . . only Aptima All Symptomatic Rectum: 2/29 (6.9; 0.8-22.8)

etal. Americas March lifetime episode of receptive anal TMA (range 18-63)
2012) 2010 intercourse Positive All Rectum: 11/125 (8.8; 4.5-15.2)
Negative All Rectum: 14/100 (14.0; 7.8-22.4)
FPU: 24/508 (4.7; 3.1-6.9)
. Rectum: 45/505 (8.9; 6.6-11.7)
o Re's\l/ls(tsancePlu All All Pharynx: 0/508 (0; 0.0-0.7)
ourawe Australia; February Consecutive MSM attending a Sydney S Vb assay Pooled: 68/508 (13.4; 10.5-16.7)
(Couldwell ) . - o L (SpeeDx)- Mean age 33.2 — ) -

2018 Western 2017 Clinic STI clinic, 91.5% of eligible men - Positive All Pooled: 3/30 (10.0; 2.1-26.5
etal. e . . multiplex (SD not reported) : Y & :
2018 Pacific May 2017 included in study - -

) quantitative Negative All Pooled: 65/478 (13.6; 10.7-17.0)
(PCR) assay FPU: 19/472 (4.0; 2.4-6.2
All Asymptomatic : (4.0, 24-6.2)

Rectum: 42/493 (8.5; 6.2-11.3)
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FPU: 5/36 (13.9; 4.7-29.5)

Al Symptomatic Rectum: 3/12 (25.0: 5.5-57.2)
Anonymised residual rectal specimens
Not submitted for STI testing from STI 1X Platinum
Cox2 UK: described clinic. Could contain TOC or repeat Quantitative Mean age 35.3
(Coxetal. 2017 ' ' Clinic samples. Samples with co-infection PCR (Life (SD 12); median Unknown Unknown Rectum: 10/107 (9.3; 4.6-16.5)
Europe 12 month .
2017) duration were excluded. All rectal samples Technologies, age 33
' submitted by males were considered Paisley, UK)
MSM for the purposes of this study
(cc::rr?essvv\:/illll SaIanI dor: ';/I;(;gh Respondent driven sampling of MSM 61% under the
etal 2012 The ’ September Community 18 years of age or older in San Salvador PCR age of 24; 13.4% All Unknown FPU: 16/647 (2.5; 1.4-4.0)
2012) Americas 2008 and San Miguel HIV+ve
MG+ve mean age
da Costa Brazil: 43 (SD not
(da Costa ’ Not . Patients presenting to two HIV clinics . reported); . . . A
etal. 2010 AmT;;‘i;cas reported. Clinic for screening were recruited Realtime PCR MG-ve mean age Positive Asymptomatic FPU: 10/119 (8.4; 4.1-14.9)
2010) 44 (SD not
reported)
June .
Stored samples, predominately from
2013-July e "7
STI clinics and general practitioners, .
de Jong® Netherlands 2013, sent to diagnostic centres in the gPCR using Median age 28,
(deJonget 2016 . December  Laboratory - . : mean 32.5 (SD Unknown Unknown Rectum: 3/105 (2.9; 0.6-8.1)
; Europe Netherlands for STI testing. All males S-Diamg kit
al. 2016) 2013- g 12.7)
providing rectal swabs assumed to be
February MSM
2014
Dionne- December
Odom USA; 2014- HIV-infected MSM presenting to a HIV LightCycler Median age 34 FPU: 17/157 (10.8; 6.4-16.8)
(Dionne- 2018 The November Clinic primary care clinic in Birmingham, 480 Probes (IQR 29-46); 66% Positive All Rectum: 10/157 (6.4; 3.1-11.4)
Odom et Americas 2016 Alabama were enrolled Master kit African American Pooled 27/157 (17.2; 11.6-24.0)
al. 2018)
in house Full cohort 118
Edouard . January HIV-infected patients from a HIV gPCR using Hly-posmve
(Edouard France; 2014- - . ST - the patients, 53% - . .
2017 Clinic outpatient clinic in Marseille, France . . . Positive All Rectum: 7/62 (11.3; 4.7-21.9)
etal. Europe December were voluntarily enrolled QuantiTect MSM; median
2017) 2015 Y Probe PCR  age 34 (IQR 29-
Kit (Qiagen) 46)
All All Rectum: 27/500 (5.4; 3.6-7.8)
Positive All Rectum: 14/133 (10.5; 5.9-17.0)
Negati All Rectum: 13/359 (3.6; 1.9-6.1
Francis USA; Noz\ge(;g?er Consecutive rectal specimens collected Research All <35 vears: egative ectum ( )
(Franciset 2008 The Clinic from MSM attending a San Francisco o years, All Asymptomatic Rectum: 22/460 (4.8; 3.0-7.2)
al. 2008) Americas January STI clinic TMA assay 54% Caucasian
2006 All Symptomatic Rectum: 5/40 (12.5; 4.2-26.8)
All Asymptomatic Rectum: 24/474 (5.1; 3.3-7.4)
All Symptomatic Rectum: 3/26 (11.5; 2.4-30.2)
Fuchs Germany: September Intra-anal swabs collected from 511 Real-time Mean age 45.4
(Fuchs et 2016 % P Clinic HIV+ve MSM attending an anal cancer ge ao. Positive All Rectum 18/433 (4.2; 2.5-6.5)
Europe 2012- - PCR (SD 10.9)
al. 2016) screening program
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October

2014
Seeplex
Gottesman November STDGpACE Unknown All FPU: 5/156 (3.2; 1.0-7.3)
0 .
(Gottesma 2017 Israel; 2008- Clinic Successive male patients presenting to Detection kit mi%ign’\iszﬂéo Unknown Asvmptomatic FPU: 0/96 (0; 0-3.8)
netal. Europe November STl clinic in Tel Aviv (Seegene, (range 179-65) ymp ) T
2017) 2010 '”&622‘)’“" Unknown  Symptomatic FPU: 5/60 (8.3; 2.8-18.4)
All All FPU: 23/349 (6.6; 4.2-9.7)
TMA- Positive All FPU: 2/16 (12.5; 1.6-38.3)
o ) January . . research use 53% male, 29% -
Gratrix: Canada; 2016- Sequential specimens of all attendees only (Hologic of men MSM: Negative All FPU: 16/236 (6.8; 3.9-10.8)
(Gratrixet 2017 The April Clinic over the age of 18 presenting to two inc. San median age 36 " " o 5 5
i ini j Unknown Al FPU: 5/97 (5.2; 1.7-11.
al. 2017) Americas 2016 Alberta ST clinics Diego, (IQR 25-37) ( )
California) All Asymptomatic FPU: 14/281 (5.0; 2.8-8.2)
All Symptomatic FPU: 9/67 (13.4; 6.3-24.0)
FPU: 9/63 (14.3; 6.7-25.4)
16th May 0 Positi All Rectum: 10/66 (15.2; 7.5-26.1)
Hakre? USA; 2016- All HIV+ve US Air Force members Aptima MG atYiirft)soll:/I%S"IVI' ositive Pharynx: 1/57 (1.8; 0.0-9.4)
(Hakreet 2017 The 30th Clinic attending the air force HIV clinic at research-use- ‘r)nedian age 3 Pooled: 18/74 (24.3; 15.1-35.7)
al. 2017) Americas Sepztg;neber Joint Base San Antonio, Texas only (IQR 26-36) Positive Asymptomatic Pooled: 12/57 (21.1; 11.4-33.9)
Positive Symptomatic Pooled: 6/17 (35.3; 14.2-61.7)
Standardized behavioural and biological 2727 MSM, with ) )
surveillance survey administered in 4 In-house 12% identifying All Al FPU: 87/2206 (3.9; 3.2-4.8)
Ham? Honduras; countries: El Salvador (2007-2008), realtime as MTFTG;
(Hametal. 2015 The 2012 Community Guatemala (2012), Honduras (2012), multinlex median age 23 for Positive All FPU: 13/225 (5.8; 3.1-9.7)
2015) Americas and Nicaragua (2009-2010). CDpC non-transgender
Participants rgcruited us[ng respondent MSM_(no range Negative All FPU: 73/1911 (3.8; 3.0-4.8)
driven sampling given)
In-house
Homfray/ realtime PCR; All All FPU: 1/89 (1.1; 0-6.1)
NATSAL- Stratified probability sample survey of pr(:zssﬁll;/se 89 MSM in those
ab itain- _ o -
3 2015 Britain; 2010 Community 15162 men and women, 57'.7 % response confirmed Who provided Positive All FPU: 0/4 (0; 0-60.2)
(Homfray Europe 2012 rate. 4828 asked to provide urine with urine samples,
etal. samples. 4507 tested for MG age range 16-44
2015) GenProbe
Mycoplasma Negative All FPU: 1/84 (1.2; 0-6.5)
test
0,
Jian-Ru China; 497 HIV-1 infected men recruited from czoilg)rto lf\/ltghl\a/:.
(Jian-Ruet 2012 Western 2009 Clinic Jiangsu Centers for Diseases Prevention Nested PCR mean age 37' Positive Unknown FPU: 34/144 (23.6; 16.9-31.4)
al. 2012) Pacific and Control g
(range 5-75)
. . September
Jiang China; ) . PCR. No 388 MSM. No FPU: 67/388 (17.3; 13.6-21.4)
Jiang et 2015 Western 2007 Community 388 MSM ap_p_roached f?t gay barsin5 further detail further detail Unknown All Rectum: 46/388 (11.9; 8.8-15.5
November cities of China
al. 2015) Pacific 2008 provided provided Pharynx: 52/388 (13.4; 10.2-17.2)
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FilmArray

STI STl clinic
Kriesel? USA,; April STI clinic attendees seeking screening panel (BioFire _atten_d_ees, self- FPU: 8/6_6 (12.1; _5'4'22‘5)
- 2009- - LS . - identified MSM, Rectum: 0/16 (0; 0-20.6)
(Kriesel et 2016 The Clinic and/or treatment were invited to Diagnostics, . Unknown All hral . .
al. 2016) Americas February participate in a study via a flyer LLC, Salt median age 31 Urethral swab: 0/2 (0; 0-84.2)
' 2012 LakeVCity years (no range Pooled: 8/106 (7.5; 3.3-14.3)
Utah) ' given)
Lallemand? . . . 17% of total
. Patients presenting for HIV screening at . .
(Lalleman 5,5 Germany, pjicing Clinic 18 local public health authorities in Aptima MG cohort MSM; All All FPU: 11/549 (2.0; 1.0-3.6)
detal. Europe North Rhine-Westphalia (Hologic) median age 30
2015) P (25-38)
Lefebvres _ _ Diangenode 651 patients, 357 Al Al FPU: 2/92 (2.2; 0.3-7.6)
(Lefebvre France: All patients presenting for STI S-DiamgTV men; 14% of total
ctal 2016 Euro e‘ 2014 Clinic screening at Nantes ST Reference (Diagnode cohort MSM,; Positive All FPU: 0/2 (0; 0.0-84.2)
2017‘ P Centre, France ST, Liege, mean age 28 (SD -
) Belgium) 5.8) Negative Al FPU: 2/90 (2.2; 0.3-7.8)
All i FPU: 7 12.7;5.3-24.
Libois? Belgium: Oz(gggt_er Men presenting with symptoms of In-house ;Z;algc%zo&éﬁ; Symptomatic U 7155 ( 153-24.5)
(Liboiset 2018 grum, Clinic urethritis to emergency unit or STI - -~ ’ Positive Symptomatic FPU: 1/12 (8.3; 0.2-38.5)
Europe February L LU o . realtime PCR median age 30
al. 2018) clinic of University Saint-Pierre hospital - -
2014 (IQR 26-38) Negative Symptomatic FPU: 6/43 (14.0; 5.3-27.9)
Manhart sg‘;ﬁgg'ﬂ‘s All Symptomatic FPU: 22/199 (11.1; 7.1-16.3)
(Manhart USA; January Men with NGU attending a STI clinic in ears of age: total
etal 2013 The 2007- July Clinic Seattle, Washington were prospectively NAAT ycohort GOgG }nen' Positive Symptomatic FPU: 1/14 (7.1; 0.2-33.9)
2013') Americas 2011 recruited fora RCT 33% MSM: no.
age data for MSM Negative Symptomatic FPU: 21/171 (12.3; 12.3-18.2)
?AI\/IeeZzZzl?r: Australia; May Men presenting with symptoms of TaqMan real. 1957 men tested, All Symptomatic FPU: 6/193 (3.1; 1.1-6.6)
etal 2013 Western 2007- Clinic urethritis to ST clinic of Royal tiqme PCR 31% <25 years of ] ]
2013') Pacific June 2011 Adelaide Hospital age; 16.3% MSM Negative Symptomatic FPU: 6/187 (3.2, 1.2-6.9)
All All FPU: 10/859 (11.6; 0.6-2.1)
Moi? Norway: Noz\ge(;gt_)er Retrospective analysis of men at high Real-time incfls:geg dmrir;an Positive Al FPU: 0/6 (00-45.9)
(Moietal. 2009 EuropZ’ December Clinic risk of a ST, voluntarily presenting to a PCR age 31.3 (’+/-8 9): Negative All FPU: 7/678 (1.0; 0.4-2.1)
2009b STl clini . o
) 2007 clinie 10.1% MSM All Asymptomatic FPU: 4/694 (0.6; 0.2-1.5)
All Symptomatic FPU: 5/165 (3.0; 1.0-6.9)
Retrospective audit of screening } 1493 men
Munson USA: practices for men presenting to a ST T';Anﬁl)?gs_ed included, 55%
(Munson 2017 The 2014- Clinic clinic. Could contain TOC or repeat specific with re_ct_al swabs. Unknown Unknown Rectum: 48/823 (5.8; 4.3-7.7)
etal. Americas 2015 samples. All rectal samples submitted reagent No clinical data
2017) by males were considered MSM for the ger collected
- (Hologic). . :
purposes of this study including age
No overall age All Symptomatic ~ Rectum: 60/201 (29.9; 23.6-36.7)
Ong? Australia; Retrospective analysis of 201 MSM data reported,
2012- In-house real-
(Ongetal. 2018 Western 2016 Clinic presenting to a ST clinic, diagnosed timer PCR men with MG Positive Symptomatic Rectum: 17/25 (68.0; 46.5-85.1)
2018a) Pacific with proctitis aged 33 (IQR 28- - -
38) Negative Symptomatic Rectum: 43/115 (37.4; 28.5-46.9)




Prospective collection of 2594
consecutive urogenital specimens

2594 patients, 51

Pereyre France: Seggeln;Per submitted to 16 medical diagnostic rectal swabs from
(Pereyreet 2017 ! Laboratory units. Could contain TOC or repeat In-house PCR men; median age Unknown Unknown Rectum: 3/51 (5.9; 1.2-16.2)
Europe January .
al. 2017) 2015 samples. All rectal samples submitted 25 (overall range
by males were considered MSM for the 1-90)
purposes of this study
FPU: 1/78 (1.3; 0-6.9)
States All Symptomatic Rectum: 0/78 (0; 0-4.6)
‘molecular MSM with Pooled: 1/78 (1.3; 0-6.9)
Peters? South Dates not Prospective cohort of 78 MSM microbiologic urethral FPU: 0/43 (0; 0-8.2)
(Peters et 2017 Africa; renorted Clinic presenting with urethral discharge to al discharge: ade Positive Symptomatic Rectum: 0/43 (0; 0-8.2)
al. 2017) Africa P two primary healthcare clinics investications _ data not ?e7or%ed Pooled: 0/43 (0; 0-8.2)
o P FPU: 1/32 (3.1; 0-16.2)
Negative Symptomatic Rectum: 0/32 (3.1; 0-16.2)
Pooled: 1/32 (3.1; 0-16.2)
FPU: 0/116 (0; 0-3.1)
All All Rectum: 1/116 (0; 0-4.7)
Philibert _ _ _ Pharynx: 0/116 (0; 0-3.1)
(Philibert France: o 116 consecutive MSM presenting to an Cobas 4800 96% Caucasian; N FPU: 0/99 (0; 0-3.7)
etal 2014 Europé 2012 Clinic urbar_1 publl_c health clinic for STI (Roche) mean age 46.4 Positive All Rectum: 1/99 (1.0; 0-5.5)
2014') diagnosis and/or treatment (+/-9.4) Pharynx: 0/99 (0; 0-3.7)
FPU: 0/17 (0; 0-19.5)
Negative All Rectum: 1/17 (5.9; 0.1-28.7)
Pharynx: 0/17 (0; 0-19.5)
August NAAT on . . i
Plaas . . - 233 Estonian FPU: 6/233 (2.6; 1.0-5.5)
(Plaas et 2015 Estonia; 2:314_ Community Samples coIIecItfed Via Internet-based Luminex MSM; age data Unknown Unknown Rectum: 6/233 (2.6; 1.0-5.5)
al. 2015) Europe Fez(;uary self-testing XMAP not reported Pharynx: 0/233 (0; 0-1.6)
15 platform
ProbeTec- 5452 males with
. January ETCT NGU, 344
Rane Australia; 2006- Retrospective review of men with acute amplified exclusively
(Rane et 2014 Western Clinic . . . : Unknown Symptomatic FPU: 23/344 (6.7; 4.3-9.9)
al. 2014) Pacific December NGU (first presentation) DNA MSM; median
2011 assay (Beckto age 31 (IQR 26-
n, Dickinson) 41)
FPU: 27/1001 (2.7; 1.8-3.9)
. Rectum: 70/1001 (7.0; 5.5-8.8)
All Asymptomatic Pharynx: 1/54 (1.9; 0.0-9.9)
Reads Australia: August ' _ ResistancePlu Asymptomatic Pooled: 95/1001 (9.5; 7.7-11.5)
(Read et 2017 Western’ 2016- Clinic Consecutlvg I_VISM presen'tlng toa STI s MG test MSM; median Positive Asymptomatic Pooled: 5/107 (4.7; 1.5-10.6)
al. 2017b) Pacific September clinic for screening (Speel:?x age 28.8 (IQR — - - o
2017 Australia) 24.3-34.1) egative Asymptomatic Pooled: 90/894 (10.1; 8.2-12.2)
All Symptomatic Pooled: 83/1019 (8.1; 0.9-10.0)
All Symptomatic Pooled: 20/355 (5.6; 3.5-8.6)
Reinton Norway; January Samples from consecutive men who had Ta(?l\?lgzsCT zls/lgsgl\/ll\! Oggsgalﬁn FPU: 26/1778 (1.5; 1.0-2.1)
(Reintonet 2013 Europe’ 2009- Clinic submitted an gqorectal swab. Samples Test v2.0 age 32’ 9 (range Unknown Unknown Rectum: 69/1778 (3.9; 3.0-4.9)
al. 2013) May 2011 from ST clinics sent to laboratory (Roche) 15.7-81.5) Pooled: 91/1778 (5.1; 4.1-6.2);
2016 England; Clinic All Symptomatic FPU: 16/136 (11.8; 6.9-18.4)
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Reynolds-

Europe

! September 77.6% white Positive Symptomatic FPU: 4/32 (12.5; 3.5-29.0)
Wright? . Fast Track L
2015- Samples from consecutive men who had . . ethnicity; 8.2%
(Reynolds- 3 NGU - STI clini Diagnostics™ HIV-positive: . .
Wright et anuary » presenting to a STI clinic urethritis PCR -positive; Negative Symptomatic FPU: 12/104 (11.5; 6.1-19.3)
2016 mean age 33.2
al. 2016)
April Online questionnaire promoted on Estonian MSM All Unknown FPU: 0/65 (0; 0-5.5)
Ruutel Estonia; 2013- . Estonian gay social media pages. STI >18years; median "
(Ruutelet 2015 ' Community - : . N PCR ! Positive Unknown FPU: 0/3 (0; 0-70.1)
al. 2015) Europe September testing op_tlonal, with questionnaire age 31 (range 18-
2013 linked to samples 67) Negative Unknown FPU: 0/40 (0;0-8.8)
All All FPU: 11/438 (2.5; 1.3-4.4)
Soni February 438 MSM; 94.4% Rectum 20/412 (4.9; 3.0-7.4)
- England; N L MSM attending ST clinic in Brighton, MG Pa real- white ethnicity; - FPU: 7/90 (7.8; 3.2-15.4)
(S%rgleg)al. 2010 Europe ZOggoéuly Clinic UK, for STI screening time PCR mean age 36 Positive All Rectum 12/83 (14.5; 7.7-23.9)
(range 16-81) Neaative Al FPU: 7/329 (2.1; 0.9-4.3)
Y Rectum 5/348 (1.4; 0.5-3.3)
5269 males total;
only Denmark
tested rectal
Unemo Denmark: March Consecutive male and female subjects MG Alt swabs - 766 males
(Unemoet 2018 Eurone ’ 2016- Clinic attending the STI clinics in Denmark, TMA-1 in Denmark; Unknown Unknown Rectum: 15/237 (6.3; 3.6-10.2)
al. 2018) P June 2016 Norway and Sweden (Hologic) Denmark overall
median age 29;
males median age
30 (range 15-79)
van der Al All FPU: 17/678 (2.5; 1.5-4.0
March 1204 men, 678 : (25;1.5-4.0)
Veert Netherlands 514 Data f tine patient MGPa real MSM; medi
(vander 2016 : - Clinic ala Irom routing patient care o real- » median All Asymptomatic FPU: 15/626 (2.4; 1.3-3.9)
Veer et al Europe October retrospectively analysed time PCR age 41 (IQR 31-
2016) ' 2014 51) All Symptomatic FPU: 2/52 (3.8; 0.5-13.2)
Wu China; March Patients recruited from HIV clinic at 243 HIV-infected
(Wu et al. 2013 Western 2009- Clinic Jiangsu Centers for Diseases Prevention Nested PCR MSM; mean age Positive Unknown FPU: 62/243 (25.5; 20.2-31.5)
2013) Pacific May 2010 and Control 35 (range 19-68)
Xiao? USA: February 530 specimens,
(Xiaoetal. 2018 The 2015- Clinic Specimens submitted 'from a STl clinic Cobas 4800 79 rectal'swabs Unknown Unknown Rectum: 2/79 (2.5; 0.3-8.8)
: March for testing (Roche) from men; no age
2018) Americas
2017 data reported
FPU: 14/406 (3.4; 1.9-5.7)
- 0R9
Zheng USA,; January Participants were recruited from a MSM 409 MSM.’ %A) Al Al Rectum: 22/405 (5.4; 3.4-8.1)
. - - S MGPa real- Han ethnicity; —
(Zhenget 2014 Thg 2010- Clinic voluntary _counselllng and 'testlng clinic time PCR mean age 30.5 Positive All Pooled: 3/16 (18.8; 4.0-45.6)
al. 2014) Americas May 2010 in Shenzhen, China 18 64;
(range 18-64) Negative Al Pooled: 19/389 (4.9; 3.0-7.5)

Abbreviations: HIV, human immunodeficiency virus; MG, Mycoplasma genitalium; n, number positive for M.genitalium; N, total number of samples

tested for M.genitalium; CI, confidence interval; STI, sexually transmitted infection; MSM, men who have sex with men; PCR, polymerase chain
reaction; SOPV, sex on premises venue; FPU, first pass urine; NGU, nongonococcal urethritis; AIDS, acquired immune deficiency syndrome; SD,
standard deviation; TMA, transmediated amplification assay; TOC, test of cure; gPCR, quantitative PCR; +ve, positive; -ve, negative; IQR,
interquartile range; MTFTG, male to female transgendered; RCT, randomised controlled trial; NAAT, nucleic acid amplification testing. Notes:
aAdditional data was provided by the study authors; "Estimates from Britain’s third National Survey of Sexual Attitudes and Lifestyles (Natsal-3)
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Table 9. Summary of the characteristics of the included studies in the meta-analysis (n=46)

Urethran=34,  Rectum n=25 Pharynx n=7
All n=46 (total sample=  (total sample= (total sample=
13753 8629) 1871)

Publication year (range) 2006-2018 2006-2018 2008-2018 2009-2018
Period of sample collection® 2002-2017 2002-2017 2002-2017 2002-2017
Symptom status

Asymptomatic 12 9 (3449) 4 (2150) 1 (54)

Symptomatic 18 12 (1494) 5 (436) 0(0)
HIV-status

Negative 21 14 (4026) 7 (1058) 1(17)

Positive 27 18 (1889) 11 (1274) 2 (156)
WHO Geographic region

Africa 1 1 (78) 1 (78) 0(0)

Europe 20 14 (5329) 10 (3534) 2 (349)

The Americas 12 8 (3808) 7 (1866) 1 (57)

Western Pacific 13 11 (4538) 7 (3151) 4 (1465)
Recruitment setting

Laboratory 2 0(0) 2 (156) 0 (0)

Community® 8 9 (4245) 3 (1054) 2 (621)

Clinic? 36 26 (8998) 8 (7355) 4 (735)
Type of study

Cross-sectional 36 28 (10594) 19 (5988) 6 (1817)

Prospective cohort 4 3(1278) 3(1512) 1 (54)

Retrospective cohort 6 3(1881) 3(1129) 0(0)

Abbreviations: n, number; WHO, World Health Organisation; STI, sexually transmitted infection; HIV, human immunodeficiency virus

Notes: 2Includes 13751 first pass urines and 2 urethral smears; °Five studies missing date of sample collection; ‘Includes one study conducted at a sex
on premises venue; “Includes 28 studies which recruited from STI clinics, 5 studies which recruited from HIV clinics, 1 mixed methods study
(Cosentino) which predominately recruited from a HIV clinic, 1 study which recruited HIV-positive men in an anal cancer screening program (Fuchs)
and 1 study conducted at primary health care centres which target MSM (Peters).
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Table 10. Analyses assessing prevalence of Mycoplasma genitalium by site.

Overall Urethra? Rectum Pharynx

Analysis No  SE,%(95%Cl)  12%" vaFI)L-JeC No  SE %(95%Cl)  I12%" va‘l’;ec No  SE, %(95% Cl) 205" vaﬁ’;ec No  SE %(95%Cl)  12%" Va‘l’ijec
Overall prevalence | 46 54 (45.7.3) 95.0 34 46 (3.0-6.4) 944 2% 6.1 (4579)  89.0 7 10 (0.051)  96.0
Symptom status

Asymptomatic | 12 4.0 (15-3.9) 90.7 9 22 (1.0-37) 818 4 75  (54100) 725 1 19 (0.0-7.8)

Symptomatic 18 92 (6.2-12.7) 87.3 0003 | 12 71 (47-97) 672 <0001 | 5 161  (7.2275) 829 0039 | 0
HIV-status

Negative 21 57 (3582) 93.1 14 34 (18-55) 826 7 68  (1.2-158) 944 1 00  (0.0-184)

Positive 27 90 (5.2-13.4) 907 0019 | 18 7.0  (30-122) 863 0006 | 11 106  (55-17.0) 894 0456 | 2 03 (0.0-22) 0.819
WI-_|O Geographic
region

Africa 1 06 (0135) - Refl | 1 13 (0.2-6.9) - Refl | 1 0.0 (0.0-4.7) - Refe | 0

Europe 20 31 (21-4.2) 80.2 0034 | 14 22 (13-33) 753 0698 | 10 43 (3157) 560 0006 | 2 00 (0.0-5.2) - Ref

The Americas 12 66 (4.9-85) 830 <0001 | 8 74  (48106) 865 0021 | 7 63 (4189) 650 0001 | 1 18 (0.3-9.3) - 0086

Western Pacific | 13 99 (6.1-14.5) 978 <0001 | 11 82  (40-136) 971 0030 | 7 95  (51-151) 955 <0001 | 4 18  (0.0-10.3) 979 0273
Recruitment setting

Laboratory 2 36 (11-74) - Refd - - - - - 2 3.6 (1.1-7.4) - Refd

Community" 8 39 (1.0-84) 982 0935 | 8 42 (1.2-89) 972 3 45 (04-123) - 0915| 3 19  (0.0-137)

Clinico 36 63 (4.9-7.9) 931 0235 | 26 54 (37-75) 927 0580 | 20 69 (4886) 886 0184 | 4 02 (00-17) 578 0599

Abbreviations: No, number of studies; SE, Summary Estimate; CI, confidence interval; HIV, human immunodeficiency virus; WHO, World Health
Organisation; Ref= reference group
Notes: 2Includes 13751 first pass urines and 2 urethral smears; PI? statistic to estimate the proportion of total variability in summary estimates attributed

to heterogeneity other than that due to chance. All 12 statistic values had a p-value<0.001. °p-values reflect random-effects meta-analyses to determine
differences in pooled summary estimates between subgroups; “Reference refers to reference group for statistical comparison between subsequent
groups; ®Meta-analysis unable to run with naught value in reference group, Peters et. Al paper prevalence altered to 0.5%; fIncludes one study
conducted at a sex on premises venue; %Includes 28 studies which recruited from STI clinics, 5 studies which recruited from HIV clinics, 1 mixed
methods study (Cosentino) which predominately recruited from a HIV clinic, 1 study which recruited HIV-positive men in an anal cancer screening
program (Fuchs) and 1 study conducted at primary health care centres which target MSM (Peters).
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3.5.3 Mycoplasma genitalium prevalence at the urethra

Prevalence of M.genitalium at the urethra (n=34 studies) ranged from 0% to 25.5%, with a
summary estimate of 4.6% (95%Cl: 3.0-6.4; 1°=94.4%) (Table 10).

Of the 15 studies reporting symptom status at the urethra, 12 included symptomatic men and 9
asymptomatic men. Prevalence of M.genitalium was significantly higher among men with urethral
symptoms [7.1% (95%ClI: 4.7-9.7;1?=67.2)] than among asymptomatic men [2.2% (95%ClI: 1.0-3.7;
12=81.8)](p<0.001)(Table 10, Figure 11).

Twenty studies examining prevalence of M.genitalium at the urethra reported HIV status; 18 studies
included men living with HIV and 14 included HIV-negative men. Urethral prevalence of
M.genitalium was significantly higher among men living with HIV [7.0% (95%CI: 3.0-
12.2;12=86.3)] than among HIV-negative men [3.4% (95%CIl: 1.8-5.5; 1°=82.6)](p=0.006) (Table
10, Figure 12).

Prevalence of urethral M.genitalium varied across geographical regions (Table 10), although
assessment of geographical regions was impacted by the limited number of countries providing data
in each region. Prevalence of urethral M.genitalium was 1.3% (95%CI 0.2-6.9) in the single African
study, 2.2% (95%ClI: 1.3-3.3; 1>=75.3) across European studies (n=14 studies), 7.4% (95%Cl: 4.8-
10.6; 1°=86.5) in studies from the Americas (n=8 studies), and 8.2% (95%ClI: 4.0-13.6; 1>=97.1)
across studies from the Western Pacific (n=11 studies). Prevalence of M.genitalium did not differ

by recruitment setting (Table 10).
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Published %

Author (Year) ES (95% CI) Weight
Symptomatic :
Bradshaw 2006 —:—0— 7.34 (3.77, 13.82) 463
Couldwell 2018 1 + 13.89 (6.08, 28.66) 3.03
Gottesman 2017 : + 8.33 (3.61, 18.07) 3.81
Gratrix 2017 : + 13.43 (7.23, 23.60) 3.98
Libios 2018 1 + 12.73 (6.30, 24.02) 368
Manhart 2013 : —_— 11.06 (7.41,16.17) 526
Mezzini 2013 —O—e— 3.11 (1.43, 6.62) 523
Moi 2009 —_—— 3.03 (1.30, 6.90) 509
Peters 2017 —0—;— 1.28 (0.23,6.91) 419
Rane 2014 :—0— 6.69 (4.50, 9.83) 5.65
Reynolds-Wright 2016 1 —_— 11.76 (7.37, 18.26) 4.89
van der Veer 2016 :: 3.85 (1.08, 12.98) 3.60
Subtotal (12 = 67.20%, p <0.001) :O 7.05(4.74,9.75) 53.04

|
Asymptomatic 1
Bradshaw 2006 o—: 0.00 (0.00, 4.87) 414
Clarivet 2014 —0—:— 1.18 (021, 6.37) 431
Couldwell 2018 —_—— 4.03 (2.59, 6.20) 582
Gottesman 2017 L : 0.00 (0.00, 3.85) 447
Gratrix 2017 —i-o— 498 (2.99,8.19) 553
Moi 2009 -~ 1 0.58 (0.22, 1.47) 596
Read 2017 - : 2.70 (1.86, 3.90) 6.06
da Costa 2010 :—0— 8.40 (4.63, 14.78) 4.74
van der Veer 2016 - 2.40 (1.46, 3.92) 593
Subtotal (1"2 =81.84%, p <0.001) O : 218(1.02,3.71) 46.96

1

1

1

Heterogeneity between groups: p < 0.001
Overall ("2 = 84.91%, p < 0.001); <> 4.42 (2.87,6.24) 100.00

Figure 11. Prevalence of Mycoplasma genitalium in the urethra of MSM, by symptom status.
Abbreviations: Cl=confidence interval

Notes: Symptomatic refers to studies included containing a study population described as
symptomatic at the urethra; asymptomatic refers to studies included containing a study population
described as asymptomatic at the urethra. Studies that did not expressly state the population was

symptomatic or asymptomatic were excluded from the analysis (n=19).
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Published %

Author (Year) ES (95% CI) Weight
HIV Positive I
Chen 2015 : —— 17.83 (15.01, 21.04) 4.11
Dionne-Odom 2018 | —— 10.83 (6.87, 16.66) 3.85
Gratrix 2017 L + 12,60 (3.50, 36.02) 222
Hakre 2017 : —_—— 14.29 (7.70, 24.97) 341
Ham 2015 — 578 (341, 963) 395
Homfray 2015 *~— 0.00 (0.00, 48.99)  0.98
Jian-Ru 2012 ! —_—— 23.61 (1742, 31.18) 3.82
Lefebvre 2016 * : 0.00 (0.00, 65.76) 0.61
Libios 2018 +—& 8.33 (1.49, 35.39) 1.93
Manhart 2013 L 714 (1.27,31.47y  2.09
Moi 2009 . : 0.00 (0.00, 39.03) 1.29
Peters 2017 >~— 0.00 (0.00, 8.20) 314
Philibert 2014 o~ 0.00 (0.00, 3.74) 3.66
Reynolds-Wright 2016 :—.— 12.50 (4.97,28.07) 2.89
Ruutel 2015 & 0.00 (0.00, 56.15) 0.81
Soni 2010 -:—0— 7.78(382 1519) 362
Wu 2013 ! —_—— 2551 (2044, 31.35) 3.96
da Costa 2010 :—0— 8.40 (463, 14 78) 374
Subtotal (12 = 86.25%, p < 0.001) <<> 7.02(296,12.16)  50.08

|
HIV Negative !
Clarivet 2014 -Q—:— 1.18 (0.21, 6.37) 3.59
Gratrix 2017 +—— 678 (422 1073) 3.96
Ham 2015 o 3.82 (3.05, 4.78) 417
Homfray 2015 ¢_;_ 1.19 (0.21, 6.44) 358
Lefebvre 2016 ——t 2.22(0.61,7.74) 3.62
Libios 2018 | ——— 13.95 (6.56, 27.26) 3.14
Manhart 2013 : —— 12.28 (8.17, 18.04) 3.87
Mezzini 2013 —— 3.21 (148, 682) 3.90
Moi 2009 * | 1.03 (0.50, 2.12) 412
Peters 2017 —— 3.13(055 1574) 289
Philibert 2014 0—:— 0.00 (0.00, 18.43) 228
Reynolds-Wright 2016 | —y— 11.54 (6.72, 19.09) 3.69
Ruutel 2015 >~—l 0.00 (0.00, 8.76) 3.08
Soni 2010 > : 1.44 (062, 3.32) 403
Subtotal (12 = 82 57%, p <0.001) Cp 3.43 (1.80, 5.47) 4992

|
Heterogeneity between groups: p = 0.006 !
Overall ("2 = 91.77%, p < 0.001); <> 4.63 (2.25, 7.58) 100.00

|

|

[ [
0 50

Figure 12. Prevalence of Mycoplasma genitalium in the urethra of MSM, by HIV-status.
Abbreviations: Cl=confidence interval; HIV= human immunodeficiency virus
Notes: Studies that did not expressly state the population was HIV-positive or HIV-negative were

excluded from the analysis (n=14).
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3.5.4 Mycoplasma genitalium prevalence at the rectum

Prevalence of M.genitalium at the rectum (n=25 studies) ranged from 0% to 29.9%, with a summary
estimate of 6.1% (95%CI: 4.5-7.9; 12=89.0) (Table 10). One outlier study by Ong et. al. reported a
prevalence of 29.9% (Ong et al. 2018a). A sensitivity analysis excluding this study resulted in a
summary estimate of 5.4% (95%Cl: 4.2-6.8; 1°=81.9) (Table 11).

Of the seven studies reporting symptom status at the rectum, five included symptomatic men and
four asymptomatic men. Prevalence of M.genitalium was higher among men with rectal symptoms
[16.1% (95%CI: 7.2-27.5; 1>=82.9)] than asymptomatic men [7.5% (95%Cl: 5.4-10.0; 1>=72.5)]
(p=0.039), (Table 10, Figure 13t).

Eleven studies examining prevalence of M.genitalium at the rectum reported HIV status; all
included men living with HIV, with seven also including HIVV-negative men. Rectal prevalence of
M.genitalium was not different among men living with HIV [10.6% (95%CI: 5.5-17.0; 1=89.4)]
compared to HIV-negative men [6.8% (95%ClI: 1.2-15.8; 1=94.4)](p=0.456), (Table 10, Figure 14).

Published %
Author (Year) ES (95% CI) Weight
Symptomatic !
Bissessor 2016 —_—l 1169 (7.52, 17.72) 12.29
Cosentino 2012 : 6.90 (1.91, 21.96) 766
Couldwell 2018 E 25.00 (8.89, 53.23) 4.69
Francis 2008 | 12.50 (5.46, 26.11) 8.77
Ong 2018 E —_— 29.85 (23.95, 36.51) 12.72
Subtotal (12 = 82.93%, p < 0.001) <.-_:—'—:}_ 16.14 (7.17, 27.52) 46.14
‘
Asymptomatic
Cosentino 2012 _E"_ 11.73 (7.95, 16.99) 12.68
Couldwell 2018 —’—i' 8.52 (6.36, 11.32) 13.63
Francis 2008 — 4.78 (3.18,7.13) 13.58
Read 2017 —- 6.99 (5.57, 8.74) 13.98
Subtotal (12 =72.53%, p = 0.012) O E 7.52 (5.39, 9.98) 53.86
'

Heterogeneity between groups: p = 0.039
Overall (12 = 90.63%, p < 0.001); <> 11.13 (6.76, 16.33) 100.00
1

I : 1 1 1
0 20 40 60

Figure 13. Prevalence of Mycoplasma genitalium in the rectum of MSM, by symptom status.

Abbreviations: Cl=confidence interval
Notes: Symptomatic refers to studies included containing a study population described as
symptomatic at the rectum; asymptomatic refers to studies included containing a study population

described as asymptomatic at the rectum. Studies that did not expressly state the population was

symptomatic or asymptomatic were excluded from the analysis (n=18).
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The prevalence of rectal M.genitalium varied across geographical regions (Table 10). Prevalence of
rectal M.genitalium was 0.0% (95%CI: 0.0-4.7) in the single African study, 4.3% (95%Cl: 3.1-5.7,
12=56.0) across European studies (n=10 studies), 6.3% (95%ClI: 4.1-8.9; 12=65.0) in studies from the
Americas (n=7 studies) and 9.5% (95%ClI: 5.1-15.1; 1>=95.5) across studies from the Western
Pacific (n=7 studies). Prevalence of M.genitalium did not differ by recruitment setting (Table 10).

Published %

Author (Year) ES (95% Cl) Weight
HIV Positive |
Bissessor 2016 : —— 2083 (11.73, 34.26) 522
Cosentino 2012 —OI— 8.80(4.98,1507) 59
Dionne-Odom 2018 ——t 6.37 (350,11.33) 601
Edouard 2017 —:—0— 11.29 (5.58, 21.52) 545
Francis 2008 —;-'— 10.53 (8.37, 16.89) 594
Fuchs 2016 - : 4.16 (2.65, 6.47) 6.28
Hakre 2017 Jl—o— 1515 (8.44, 2569) 551
Ong 2018 : »> 68.00 (48.41, 82.79) 4.46
Peters 2017 >~— 0.00 (0.00, 8.20) 51
Philibert 2014 >~— : 1.01 (0.18, 5.50) 5.78
Soni 2010 -:—0— 14.46 (8.47, 23.59) 567
Subtotal (12 = 89.36%, p < 0.001) <:> 1061 (5.54, 16 96) 6135

:
HIV Negative :
Bissessor 2016 —0:— 755(3.87,14.19) 582
Cosentino 2012 —— 14.00 (8.53, 22 14) 579
Francis 2008 - : 362 (2.13,6.10) 6.25
Ong 2018 : — 37.39 (29.09, 46.51) 5.87
Peters 2017 0—: 0.00 (0.00, 10.72) 4.78
Philibert 2014 0—:— 0.00 (0.00, 18.43) 39N
Soni 2010 > : 213 (1.03, 4.33) 623
Subtotal (12 =94.41%, p < 0.001) <> 6.79 (1.15, 15.82) 38.65

1
Heterogeneity between groups: p = 0.456 :
Overall ("2 = 81.62%, p <0.001); <> 9.15(5.16, 14.04)  100.00

:

— T |
0 50 100

Figure 14. Prevalence of Mycoplasma genitalium in the rectum of MSM, by HIV-status.
Abbreviations: Cl=confidence interval; HIVV="human immunodeficiency virus

Notes: Studies that did not expressly state the population was HIV-positive or HIV-negative were
excluded from the (n=14).
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3.5.5 Mycoplasma genitalium prevalence at the pharynx

Prevalence of M.genitalium at the pharynx (n=7 studies) ranged from 0% to 13.4%, with a summary
estimate of 1.0% (95%CI: 0.0-5.1;12=96.0)(Table 10, Figure 15). Six of the seven studies reported
pharyngeal prevalence between 0% and 2%. One outlier study by Jiang et al reported a prevalence
of 13.4% (Jiang et al. 2015). A sensitivity analysis excluding this study resulted in a summary
estimate of 0.0% (95% CI 0.0 to 0.3; 1=36.6) (Table 11) . As symptom status was only reported in
one study (Read et al. 2017b), subgroup analysis by symptoms was not performed.

Two studies examining prevalence of M.genitalium at the pharynx reported HIV status. One study
included MSM living with HIV only, and the other included both men living with HIV and HIV-
negative MSM, with no difference in the prevalence of pharyngeal M.genitalium by HIV-status
(p=0.891) (Table 10).

The prevalence of pharyngeal M.genitalium did not differ by geographical region, ranging from
0.0% (95%CI: 0.0-5.2) across European studies (n=2 studies), to 1.8% (95%CI: 0.3-9.3) in studies
from the Americas (n=1 study) and 1.8% (95%CI: 0.0-10.3) across studies from the Western Pacific
(n=4 studies) (Table 10). Prevalence of M.genitalium did not differ by recruitment setting (Table
10).

Published O
Author (Year) ES (95% CI) Weight

Bradshaw 2000 bt 0.00 (0.00, 0.74) 15.08
Couldwell 2018 - 000 (0.00,075) 1507
Hakre 2017 ' 175 (0.31,9.20) 13.06
Jiang 2015 : T 13.40 (10.37, 17.15)4.98
Philibert 2014 A e 0.00 (0.00, 3.21) 14.14
Plaas 2015 —_ 000 (000, 162) 1473
Read 2017 ' 1.85(0.33, 9.77) 12.95
Overall (12 = 96.01%, p = 0.00) <> 099 (0.00,5.15) 100.00

T i T T

0 10 20

Figure 15. Prevalence of Mycoplasma genitalium in the pharynx of MSM.

Abbreviations: Cl, confidence interval
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3.5.6 Between-Study Bias

Assessment of funnel plots indicated no small study effects (Figure 16, Figure 17 & Figure 18),
although inclusion criteria required studies to contain >50 MSM. There was no evidence of

publication bias by the Egger test, with a co-efficient of 0.23 (95%CI: -0.65-1.11; p=0.573).

3.5.7 Within-Study Bias

Table 12 provides a summary of risk of bias for included studies, using the adapted tool from Hoy
et al. (Table 7). Twenty-one studies (46%) were deemed to be at low risk of bias, twenty-three
(50%) at medium risk, and two studies (4%) at high risk of bias (Munson et al. 2017; Xiao et al.
2018). Only one study was considered as low risk of bias across all domains (Homfray et al. 2015).
Thirteen studies randomly or consecutively selected participants or specimens (Bissessor et al.
2016; Clarivet et al. 2014; Cox et al. 2017; Francis et al. 2008; Gottesman et al. 2017; Gratrix et al.
2017; Hakre et al. 2017; Homfray et al. 2015; Pereyre et al. 2017; Philibert et al. 2014; Read et al.
2017b; Unemo et al. 2018). Seven studies did not state the study population to be MSM but used
rectal samples from men (Cox et al. 2017; de Jong et al. 2016; Munson et al. 2017; Pereyre et al.
2017; Reinton et al. 2013; Unemo et al. 2018; Xiao et al. 2018), which for the purpose of this meta-
analysis were assumed to be from MSM (Callander et al. 2015; Templeton et al. 2014). Four papers
did not provide a numerator or denominator, instead presenting percentage data (Jian-Ru et al.
2012; Jiang et al. 2015; Munson et al. 2017; Plaas et al. 2015). Sensitivity analyses which removed
studies deemed to be at high risk of representative bias or outlier studies did not show any major
shift in summary estimates (Table 11 & Table 13).
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Table 11. Sensitivity analyses excluding studies at high risk of bias or outlier studies

Urethra Rectum Pharynx
No SE, %(95% CI) 12962 No SE, %(95% CI) 12942 No SE, %(95% CI) 12942
Reported summary
) 34 4.6 (3.0-6.4) 94.4 25 6.1 (4.5-7.9) 89.0 7 1.0 (0.0-5.1) 96.0
estimate (Table 9)
Criteria 2: high risk
) 27 55 (3.6-7.6) 95.2 12 6.1 (4.3-8.3) 87.7 6 1.3 (0.0-6.4) 96.6
studies excluded®
Criteria 4: high risk
) 33 53 (3.7-7.3) 94.2 18 6.5 (4.3-9.1) 91.2 7 1.0 (0.0-5.1) 96
studies excluded®
Criteria 4: high and
moderate risk studies 23 4.7 (3.0-6.8) 93.5 12 7.1 (4.2-10.8) 92.9 5 1.9 (0.0-10.1) 96.6
excluded®
Outlier rectal study
- - - - 24 54 (4.2-6.8) 81.9
excluded?
Outlier pharyngeal stud
praryng y - - - - 6 0.0 (0.0-0.3) 36.6
excluded?

Abbreviations: No, number of studies; SE, Summary Estimate; Cl, confidence interval
Notes: 212 statistic to estimate the proportion of total variability in summary estimates attributed to heterogeneity other than that due to chance. All I2

statistic values had a p-value<0.001; PCriteria 2 and criteria 4 refer to questions 2 and 4 from Table 7 (Adapted from (Hoy et al. 2012)); ®Please refer to
Table 12 for studies classified as low, medium or high risk of bias in criteria 2 or 4; YOutlier paper refers to papers that fell outside the overall pattern
of distribution for prevalence at each site. There were no studies at the urethra were this occurred. At the rectum, (Ong et al. 2018a) was excluded, and
at the pharynx, (Jiang et al. 2015) was excluded.
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Table 12. Summary of risk of bias and overall bias scores for included studies.?

Bissessor (Bissessor et al.

2016 2016 1 0 0 1 0 0 0 0 Low

Bradshaw (Bradshaw et

al. 2006b 2006 1 0 1 0 0 0 0 0 Low

Clarivet (Clarivet et al.

2014 2014 1 0 0 0 0 0 1 1 Low

Couldwell (Couldwell et

al. 2018 2018 1 0 0 1 1 0 0 0 Low

Creswell (Creswell et al.

2012 2012 0 0 1 0 0 0 0 1 Low

de Jong (de Jong et al.

2016 2016 1 0 1 2 1 0 0 1 Medium

Edouard (Edouard et al.

2017 2017 1 1 1 1 0 0 1 1 Medium

Fuchs (Fuchs et al. 2016) 2016 1 1 1 1 0 0 0 1 Medium

Gratrix (Gratrix et al.
2017

S S S S T S SR ST

Ham (Ham et al. 2015) 2015 0 0 1 0 1 0 0 1 Low

2017 1 0 0 0 1 0 0 0 Low
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Jian-Ru (Jian-Ru et al.

2012 2012 1 0 1 1 0 1 0 1 Medium

Kriesel (Kriesel et al.

2016 2016 1 1 1 0 0 0 0 1 Medium

Lefebvre (Lefebvre et al.

2017 2016 1 0 1 1 0 0 1 1 Medium

Manhart (Manhart et al.

2013 2013 1 0 1 0 0 0 0 1 Low

Moi (Moi et al. 2009b) 2009 1 1 1 1 0 0 0 1 Medium

Ong (Ong et al. 2018a) 1 1 1 0 1 0 0 1 Medium

Peters (Peters et al. 2017) 2017 1 1 1 1 0 0 1 1 Medium

Plaas (Plaas et al. 2015) 2015 1 0 1 1 0 1 0 1 Medium

Read (Read et al. 2017b) 2017 1 0 0 0 0 0 0 1 Low

Reynolds-Wright
(Reynolds-Wright et al. 2016 1 1 1 1 0 0 0 1 Medium
2016

Soni (Soni et al. 2010) 2010 1 0 1 0 1 0 0 1 Medium

van der Veer (van der
Veer et al. 2016)

2016 1 0 1 1 0 0 0 0 Low
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Wu (Wu et al. 2013) 2014 1 0 1 1 0 0 0 1 Medium
Xiao (Xiao et al. 2018) 2018 1 1 1 2 1 0 1 1 High
Zheng (Zheng et al. 2014) 2014 1 1 1 0 0 0 0 0 Low

Notes: #To evaluate within study bias, we adapted an instrument designed by Hoy et al. (13) which examines both the internal and external validity of
the selected studies (Table 7); °Risk of bias was based on the published article plus any additional data supplied by the authors; °A score of 0 to 3 was
classified as low risk of bias; 4 to 6 as medium risk of bias; and 7 to 9 as high risk of bias.
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Table 13. Meta-regression comparing studies at low and high risk for non-representativeness of the men who have sex with men study
population

Urethra Rectum
No SE, %(95% CI) 12062 p-value® | No SE, %(95% CI) 12062 p-value®
Criteria 2 low risk studies® 27 55 (3.6-7.6) 95.2 12 6.1 (4.3-8.3) 87.7
Criteria 2 high risk studies® 7 4 (1.3-7.9) 89.4 0.501 | 13 59 (3.2-94) 90.5 0.943

Abbreviations: No, number of studies; SE, Summary Estimate; CI, confidence interval

Notes: 212 statistic to estimate the proportion of total variability in summary estimates attributed to heterogeneity other than that due to chance. All I?
statistic values had a p-value<0.001; °p-values reflect random-effects meta-analyses to determine differences in pooled summary estimates between
those at low risk and those at high risk of bias. 212 statistic to estimate the proportion of total variability in summary estimates attributed to
heterogeneity other than that due to chance. All I? statistic values had a p-value<0.001; “Criteria 2 refers to question 2 from Table 7 (Adapted from
(Hoy et al. 2012)). Please refer to Table 12 for studies classified as low or high risk of bias in criteria 2.
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Figure 16. Prevalence of Mycoplasma genitalium by size of population studied.
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Figure 17. Prevalence of Mycoplasma genitalium at the urethra, by size of population

studied.
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3.6 Discussion

To our knowledge, this is the first meta-analysis to determine the prevalence of M.genitalium by
anatomical site in MSM tested for infection at each site, and to explore the association between
M.genitalium and specific factors such as symptom and HIV status. We combined data from 46
studies, representing nearly 24 000 samples. Prevalence of M.genitalium in MSM ranged from 0%
to 29.9%, with summary estimates of 6.2% (95%CIl: 4.6-8.1; 1°=88.1) at the rectum, 5.0% (95%ClI:
3.5-6.8; 12=94.0) in the urethra and 1.0% (95%CI: 0.0-5.1; 12=96.0) in the pharynx, but estimates
were limited by high heterogeneity. M.genitalium was more common in MSM with symptoms at

the urethra or rectum and more common at the urethra in MSM living with HIV.

The prevalence of M.genitalium in this study was similar to C.trachomatis prevalence estimates in
MSM, which have been reported in the order of 3.5%—3.7% at the urethra, 5.6% (95%CI: 4.8 to 6.3)
at the rectum and 0.5% (95%CI: 0.2 to 0.9) at the pharynx (Vodstrcil et al. 2011; Lallemand et al.
2016). Screening for C.trachomatis and N.gonorrhoeae at urethral, rectal and pharyngeal sites in
MSM is recommended in many countries (CDC 2015; Clutterbuck et al. 2016; ASHA 2020).
However, WHO states a number of key principles must be satisfied when screening for an infection
(Wilson et al. 1968), including: 1) the natural history of the condition should be understood and 2)
the cost-benefit of finding and treating cases should be balanced (Wilson et al. 1968). M.genitalium
meets neither criteria, with limited knowledge of the natural history of asymptomatic M.genitalium
infection, particularly in MSM, and increasing antimicrobial resistance resulting in greater use of

costly antimicrobials that can be associated with serious side effects (Read et al. 2019a).

Our meta- analysis confirmed M.genitalium to be uncommonly detected in the pharynx of MSM
(1%), although estimates were limited by small numbers of included studies. When the outlier study
by Jiang et al. was excluded, the overall estimate declined to 0.0% (95%CI: 0.0-0.3; 12=36.6)

(Jiang et al. 2015). In contrast to N.gonorrhoeae, where pharyngeal prevalence is 5.5%-8.3%
(Morris et al. 2006; Cornelisse et al. 2017), pooled estimates of M.genitalium appear similar to
those for C.trachomatis at 0.5% (Lewis et al. 2012). These data suggest the pharynx does not play a

significant role in transmission of M.genitalium.

While M.genitalium is an established cause of urethritis, its contribution to proctitis has been less
clear. Several studies have reported no association between rectal M.genitalium and proctitis (Read
et al. 2019a; Francis et al. 2008; Soni et al. 2010). However in this meta-analysis M.genitalium was
associated with symptoms at both the urethra and rectum. These data support recommendations
that M.genitalium testing should be undertaken in men with urethral symptoms (BASHH et al.

2018; CDC 2015), and suggest that M.genitalium is associated with rectal symptoms in MSM,
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supporting UK and Australian guidelines that recommend consideration of M.genitalium testing in
men with proctitis (BASHH et al. 2018; ASHA 2018).

Our meta-analysis found the prevalence of M.genitalium to be higher at the urethra among men
living with HIV compared with HIVV-negative men. The pattern was similar at the rectum, but there
were fewer studies, limiting this comparison. A prior meta- analysis reported an association
between M.genitalium and HIVV (OR=2.01, 95% CI 1.44 to 2.79)(Mavedzenge et al. 2009) , but
only two studies with data specific to MSM were included (Mavedzenge et al. 2009). While our
data suggests M.genitalium may be more common at the urethra and rectum in HIV- positive men,
specific recommendations around testing for M.genitalium in men living with HIV cannot be
inferred from these results due to the high heterogeneity and limited number of studies. Overall
however, these data add plausibility to a relationship between M.genitalium and HIV, as has been
previously reported (Mavedzenge et al. 2009). There were several important limitations to this
study. Random- effects meta-analysis takes into consideration real or larger heterogeneity between
studies, but despite this we recorded high heterogeneity in most of the summary estimates.
Symptoms and HIV status were only known for a subset of studies, reducing precision around these
estimates. Assessment of the influence of geographical region on M.genitalium prevalence was
greatly impacted by the limited number of countries providing regional data. While the prevalence
of M.genitalium appeared highest in the Western Pacific, studies from this region only originated
from Australia and China. Similarly, only one South African study contributed to African estimates,
and there were no studies from South East Asian or Eastern Mediterranean regions. High
heterogeneity may have resulted from a combination of all three of the risk factors explored (e,
symptoms, HIV status and geographical location), but the small number of studies available for
each end point limited our ability to perform multivariable meta- regression analyses (Nyaga et al.
2014; Westfall et al. 1993). As information on potentially important factors such as age and risk
behaviour were not consistently reported, we could not assess the impact of these on heterogeneity.
There was limited power to look at the influence of time (ie, year of study) within different
subgroups. Few of the included studies were from systematically sampled populations, as screening
is not recommended for M.genitalium, and testing has generally been limited to symptomatic
individuals and specialist services with access to research assays, resulting in over-representation of
STI clinics compared with other sites. Thus, estimates may represent a select population,
contributing to the significant heterogeneity and limited generalisability of the findings. Finally, this
review was limited to studies published in English only, which also limits the generalisability of our

findings; however, only four studies were excluded on this basis.
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Our meta- analysis found the prevalence of M.genitalium to be similar to that of C.trachomatis in
MSM tested across all three anatomical sites, with associations seen between symptoms and HIV-
positivity in subgroup analyses. This meta- analysis provides site- specific estimates for
M.genitalium in MSM that, despite high heterogeneity, represent biologically plausible patterns of
infection. These data provide an evidence base to inform testing and clinical practice, and highlight
the need for further research in this population to understand the pathogenic role and natural history
of M.genitalium in MSM.
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4. Mycoplasma genitalium pharyngeal infection and rectal co-infection
iIn men who have sex with men.

4.1 Background

Azithromycin is used in the treatment of the two most common sexually transmitted bacterial
infections, C.trachomatis and N.gonorrhoeae. A single dose of one gram is used alone for
C.trachomatis infections, and in combination with ceftriaxone for N.gonorrhoeae infections (ASHA
2020). M.genitalium testing is not commonly performed alongside C.trachomatis and
N.gonorrhoeae testing, however a proportion of patients likely to be co-infected with M.genitalium.
Treatment with azithromycin can result in a macrolide resistant M.genitalium infection, with
treatment of M.genitalium infection with azithromycin leading to the selection of macrolide
resistance in at least 12% of infections (Read et al. 2017a; Bissessor et al. 2015). It is therefore
likely that M.genitalium infections in MSM are being inadvertently exposed to azithromycin
through treatment of C.trachomatis and N.gonorrhoeae coinfections, which may further induce

resistance.

As shown in Chapter Three, there are very limited studies examining the prevalence of
M.genitalium pharyngeal infection. It is important to determine the prevalence of M.genitalium
infection at the pharynx, to determine whether the oropharynx contributes to the ongoing

transmission of M.genitalium.
This study contained in this chapter had the following aims:

1) To determine the proportion of rectal C.trachomatis and rectal N.gonorrhoeae infections in
MSM who are co-infected with rectal M.genitalium.

2) To determine the proportion of MSM who are infected with pharyngeal M.genitalium.

The findings of the study were published in Sexually Transmitted Infections: Latimer RL, Vodstrcil
L, De Petra, et. AL ‘Extragenital Mycoplasma genitalium infections among men who have sex with
men.” Sexually Transmitted Infections. 2019 Jun 19. pii: sextrans-2019-054058. doi:
10.1136/sextrans-2019-054058.

The findings were also presented as an oral presentation at the STI & HIV World Congress,
Vancouver, Canada, July 14™"-17" 2019. Published: Latimer R, Vodstrcil L, Read T, et al. 002.6
Extragenital mycoplasma genitalium infections amongst men who have sex with men. Sexually
Transmitted Infections 2019; 95:A41.

116



The paper has been included as text in the thesis to allow for thesis cohesion. No alterations have
been made, aside from abbreviations and table numbers, for thesis consistency. Please see Appendix
B for the PDF of the published study.
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4.2 Abstract

4.2.1 Objectives

There are limited data on the prevalence of M.genitalium coinfection with rectal C.trachomatis and
rectal N.gonorrhoeae infections and few studies examining the prevalence of pharyngeal
M.genitalium in MSM. Using transcription mediated amplification (TMA) assay, this study aimed
to determine the proportion of rectal C.trachomatis and rectal N.gonorrhoeae infections in MSM
that are co-infected with rectal M.genitalium, and the proportion of MSM with M.genitalium
detected in the pharynx in order to inform clinical practice.

4.2.2 Methods

This was a cross-sectional study conducted at Melbourne Sexual Health Centre in Australia.
Consecutively collected rectal swabs from MSM, that tested positive for C.trachomatis (N=212) or
N.gonorrhoeae (N=212), and consecutively collected pharyngeal samples (N=480) from MSM
were tested for M.genitalium using the Aptima Mycoplasma genitalium Assay (Hologic, San

Diego). Samples were linked to demographic data and symptom status.

4.2.3 Results

Rectal M.genitalium was co-detected in 27/212 rectal C.trachomatis (13%, 95%CI 9-18) and in
29/212 rectal N.gonorrhoeae (14%, 95%CI 9-19) samples, with no difference in the proportion
positive for M.genitalium. MSM with rectal C.trachomatis/M.genitalium co-infection had more
sexual partners than those with rectal C.trachomatis monoinfection (mean 6 vs 11, p=0.06). MSM
with rectal N.gonorrhoeae/M.genitalium co-infection were more likely to be HIV positive than
those with rectal N.gonorrhoeae monoinfection (OR=2.96,95%CI:1.21-7.26, p=0.023). MSM with
rectal C.trachomatis/M.genitalium co-infection were more likely to be using HIV pre-exposure
prophylaxis (PrEP) than MSM with rectal N.gonorrhoeae/M.genitalium co-infection (OR
0.25,95%CI:0.10-0.65, p=0.002). Pharyngeal M.genitalium was uncommon and detected in 8 of 464
samples (2%, 95%CI: 1-3%). Pharyngeal M.genitalium was associated with having a rectal STI
(OR=10.61, 95%CI: 2.30-48.87, p=0.002) and there was a borderline association with being HIV
positive (p=0.079).

4.2.4 Conclusion

These data indicate one in seven MSM treated for rectal C.trachomatis or rectal N.gonorrhoeae will
have undiagnosed M.genitalium that is potentially exposed to azithromycin during treatment of
these STIs. Rectal M.genitalium coinfection was associated with specific risk factors which may

inform testing practices. Pharyngeal M.genitalium was uncommon.
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4.3 Introduction

M.genitalium is an established cause of urethritis (Jensen 2004), however there are limited data on
the prevalence of M.genitalium at anatomical sites other than the urethra. A recent meta-analysis
estimated the prevalence of M.genitalium in MSM in the community at 3.2% (95%Cl: 2.1-5.1)
(Baumann et al. 2018). Studies in urban STI clinics in Melbourne and Sydney estimate the overall
prevalence of M.genitalium in MSM between 9.5% and 13.4%, respectively, with a prevalence of
7.0%-8.9% in the rectum, and 2.7%-4.9% in the urethra (Couldwell et al. 2018; Read et al. 2019a).
There are limited data on the prevalence of M.genitalium coinfection with the two most common
STls, C.trachomatis and N.gonorrhoeae. In a study of clinical samples collected at STI clinics in
London, M.genitalium was found to be a coinfection in 13.0% of C.trachomatis and 2.4% of
N.gonorrhoeae infections in all people at the clinic, including women, using PCR (Broad et al.
2017). Screening and/or testing for C.trachomatis and N.gonorrhoeae at extragenital sites is
commonly performed in MSM in line with international guidelines (CDC 2015); however, this is

not currently recommended for M.genitalium.

Both C.trachomatis and N.gonorrhoeae have been commonly treated with macrolides, in
accordance with international treatment guidelines (CDC 2015; ASHA 2020). Britain has recently
moved away from azithromycin for first-line treatment of C.trachomatis and N.gonorrhoeae due to
growing concerns over macrolide resistance (Fifer et al. 2019; BASHH 2018). One gram (1g) of
azithromycin has also commonly been recommended for treatment of M.genitalium (ASHA 2018;
CDC 2015); however, macrolide resistance is now detected in at least 40-60% of M.genitalium
infections in many countries (Gesink et al. 2016; Dumke et al. 2016), and treatment failure
following azithromycin currently exceeds 60% in Melbourne, Australia. Treatment with 1g
azithromycin leads to the selection of macrolide resistance in at least 12% of infections (Read et al.
2017a; Bissessor et al. 2015). The inadvertent exposure of M.genitalium to azithromycin during
treatment of C.trachomatis or N.gonorrhoeae infections may lead to the selection of macrolide
resistance and contribute to the rising rates of macrolide resistance seen in M.genitalium globally
over the past decade (Read et al. 2017a).

Screening for N.gonorrhoeae and C.trachomatis in the pharynx is widely recommended in MSM
(Clutterbuck et al. 2016). There are few studies on the prevalence of M.genitalium at the pharynx,
with conflicting data from published studies. In two Australian studies M.genitalium was not
detected at the pharynx in MSM (Couldwell et al. 2018; Bradshaw et al. 2009). However another
study presented at the ST1 & HIV World Congress in 2015 showed a high prevalence of pharyngeal

M.genitalium (13.5%) among 388 MSM recruited from gay bars in five cities across China (Jiang et
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al. 2015). All studies to date have used PCR-based assays. We used a highly sensitive TMA assay
to determine the prevalence of M.genitalium in MSM attending Melbourne Sexual Health Centre,
given the high background prevalence of rectal (7%) and urethral (3%) M.genitalium infection in
asymptomatic MSM at Melbourne Sexual Health Centre (Read et al. 2019a).

This study aimed to determine the proportion of rectal C.trachomatis and N.gonorrhoeae infections
in MSM co-infected with rectal M.genitalium and predictors of coinfection, as well as the
proportion of MSM infected with M.genitalium at the pharynx and risk factors associated with

pharyngeal M.genitalium.
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4.4 Materials and Methods

This was a cross-sectional study among MSM attending Melbourne Sexual Health Centre in
Victoria, Australia, between May 2017 and January 2018. Patients presenting to Melbourne Sexual
Health Centre routinely complete a computer assisted self-interview about their sexual history
including gender, number of partners and condom use over the last 3 months, HIV status, and use of
PreP for HIV. MSM were identified as men attending Melbourne Sexual Health Centre who
reported having anal sex with another man in the previous year via the computer assisted self-
interview. Melbourne Sexual Health Centre is the largest public sexual health service in Victoria,
Australia. The centre provides around 50,000 consultations every year, with 36% of consultations
for MSM.

We examined the prevalence of M.genitalium rectal co-infection with either C.trachomatis or
N.gonorrhoeae, and the prevalence of M.genitalium pharyngeal infection, in serially collected
specimens. Clients attending Melbourne Sexual Health Centre are offered free screening for STIs,
including rectal and pharyngeal C.trachomatis and N.gonorrhoeae, with swabs tested using Aptima
Combo 2 TMA assay (Hologic, San Diego, California, USA).

4.4.1 Rectal co-infection

Consecutive swabs that tested positive for C.trachomatis or N.gonorrhoeae were stored at room
temperature in Aptima specimen transport tubes until further testing, and samples obtained from
MSM were identified. Rectal samples that tested positive for C.trachomatis from HIV-positive
patients at Melbourne Sexual Health Centre were sent to an external laboratory for testing for
Lymphogranuloma venereum (LGV) testing and were therefore not available for this study.
Samples from MSM were stored until batches of 100 samples were formed. Samples were stored
and tested within 60 days. Samples were assessed prior to further testing to determine if there was
sufficient remaining buffer; a minimum of 1.7mL of buffer was required for M.genitalium testing
and samples without sufficient buffer were discarded. The remaining samples were tested for
M.genitalium using the Aptima Mycoplasma genitalium Assay (Hologic, San Diego). Equal

numbers of sequential C.trachomatis and N.gonorrhoeae positive samples were selected.

4.4.2 Pharyngeal infection

All consecutive pharyngeal swabs with sufficient remaining buffer following testing for
C.trachomatis and N.gonorrhoeae were stored at room temperature, and swabs from MSM were

identified. Samples from MSM were stored until batches of 100 samples were formed. Samples
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were stored and tested within 60 days. Samples determined to have adequate buffer remaining were
tested for M.genitalium using the Aptima Mycoplasma genitalium Assay (Hologic, San Diego).

4.4.3 Data extraction

Samples were linked to demographic and epidemiological data (e.g., age, number of male partners,
condom and PrEP use, and HIV status), as well as clinical diagnosis, presence of any symptoms and
reason for presentation and then irreversibly de-identified.

4.4.4 Statistical analysis

All analyses were performed using Stata IC version 14 (StataCorp, College Station, Texas). We
estimated that if 5% of 225 C.trachomatis or N.gonorrhoeae samples were positive for
M.genitalium this would yield Cls of 2.5% to 8.6%. We used univariable and multivariable logistic
regression analyses to determine risk factors associated with rectal coinfection with
C.trachomatis/M.genitalium and rectal coinfection with with N.gonorrhoeae/M.genitalium, and
pharyngeal M.genitalium monoinfection. Variables were included in multivariable models if the p-
value was <0.05; strongly correlated variables were excluded from multivariable analyses. Ninety-

five percent binomial Cls were calculated for all proportions.
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4.5 Results

4.5.1 Characteristics of rectal samples examined for co-infection

Four hundred and eighty rectal samples, positive for either C.trachomatis or N.gonorrhoeae, were
selected for testing for M.genitalium. Fifty-five (11%) samples yielded invalid results due to
insufficient buffer despite careful selection. Valid results were obtained for 212 rectal samples that
were positive for C.trachomatis and 212 rectal samples that were positive for N.gonorrhoeae. One
sample which was positive for both C.trachomatis and N.gonorrhoeae and excluded from analyses
tested negative for M.genitalium.

4.5.2 Characteristics of cases with rectal Chlamydia trachomatis compared to rectal
Neisserria gonorrhoeae

Compared with MSM with rectal N.gonorrhoeae, MSM with rectal C.trachomatis were more likely
to be presenting to Melbourne Sexual Health Centre as a contact with partners diagnosed with an
STI (p=0.07), and to be using PrEP (p=0.084), although these did not reach significance (Table14).
MSM with rectal N.gonorrhoeae were more likely to be symptomatic compared with those with
rectal C.trachomatis (OR=2.54, 95%Cl: 1.71-3.77, p<0.001, Table14). MSM with rectal
N.gonorrhoeae were more likely to be HIV-positive compared to men with rectal C.trachomatis
(OR=5.40, 95%Cl: 2.32-12.52, p<0.001) (Table14), although this finding is likely to have been
influenced by the removal of a significant proportion of rectal C.trachomatis samples from HIV-
positive men for LGV testing. Both groups were similar in terms of age, number of sexual partners

and condom use.

A relatively high proportion of MSM with rectal C.trachomatis, also had urethral C.trachomatis
[41/211 (19%, 95%CIl:14-25)], and pharyngeal C.trachomatis [25/212 (12%, 95%CI:8-17)
(Tablel14)]. In patients who had rectal N.gonorrhoeae, 66/208 (32%, 95%CI:25-39) also had
urethral N.gonorrhoeae, and 85/209 (41%, 95%CI:34-48) had pharyngeal N.gonorrhoeae
(Table14).

4.5.3 Characteristics of rectal Chlamydia trachomatis and rectal Neisseria gonorrhoeae
cases that were co-infected with rectal Mycoplasma genitalium

Overall, M.genitalium was detected in 27 of 212 rectal C.trachomatis samples (13%, 95%CI: 9-18),
and in 29 of 212 rectal N.gonorrhoeae samples (14%, 95%CI:9-19) (Table14), with no difference in
the proportion of cases with M.genitalium coinfection (p=0.774) (Table14).

MSM with rectal C.trachomatis/M.genitalium co-infection had more sexual partners than those who

had rectal C.trachomatis monoinfection (mean 6 vs 11, p=0.06); however this was of borderline
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significance (Tablel5). There were no significant differences in terms of age, condom use in the last
three months, symptom status, whether they were a STI contact, or STIs at other anatomical sites
(Tablel5).

MSM with rectal N.gonorrhoeae/M.genitalium co-infection were more likely to be HIV-positive
than those with rectal N.gonorrhoeae monoinfection (OR=2.96, 95%CI:1.21-7.26, p=0.023)
(Tablel5). There were no significant differences in terms of age, number of sexual partners, PrEP

usage, symptom status, or reason for presentation (Tablel5).

Overall MSM with rectal N.gonorrhoeae/M.genitalium co-infection were less likely to be using
PreP than MSM with rectal C.trachomatis/M.genitalium co-infection (OR 0.25, 95%CI: 0.10-0.65,
p=0.002, Table16).

4.5.4 Pharyngeal Mycoplasma genitalium infection

Four hundred and eighty pharyngeal samples from MSM were tested for M.genitalium during the

course of the study. Fourteen samples yielded invalid results due to insufficient buffer, with valid

results obtained for 464 pharyngeal samples. Eight of 464 samples were positive for M.genitalium
(2%, 95%CI: 1-3%), 7 of 464 were positive for C.trachomatis (2%, 95%CI: 1-3%), and 23 of 464
were positive of N.gonorrhoeae (5%, 95%CI: 3-7%).

Pharyngeal M.genitalium was associated by univariable analyses with being HIV-positive
(OR=5.13, 95%CI: 1.19-22.12), having M.genitalium detected at the rectum (OR=60.14, 95%ClI:
3.41-1061.47), and having either rectal C.trachomatis or rectal N.gonorrhoeae (OR=12.99,
95%CI:3.01-56.06) (Tablel17). Using a composite variable of any rectal STI, in multivariable
analyses, MSM with pharyngeal M.genitalium were more likely to have a rectal STI detected
(OR=10.61, 95%Cl:2.30-48.87, Table17) and have a borderline association with being HIV-
positive. Although MSM with pharyngeal M.genitalium were more likely to have either rectal
C.trachomatis and/or rectal N.gonorrhoeae, none of the eight patients had a STI detected in their
urethra, or a co-infection detected in their pharynx. Of note, no male with pharyngeal M.genitalium

had pharyngeal symptoms.

As for pharyngeal M.genitalium, men who tested positive for C.trachomatis or N.gonorrhoeae in
the pharynx were also more likely to have C.trachomatis or N.gonorrhoeae detected at the rectum.
Five of 7 pharyngeal C.trachomatis infections were associated with concurrent rectal C.trachomatis
(71%, 95%CI: 29-96, OR=34.14, 95%Cl: 6.35-183.65), and 10 of 23 pharyngeal N.gonorrhoeae
infections were associated with concurrent rectal N.gonorrhoeae (43%, 95%ClI: 23-66, OR=28.29,
95%Cl: 10.14-78.90).
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Table 14. Demographics and epidemiological characteristics of Neisseria gonorrhoeae cases compared to

Chlamydia trachomatis cases (N=424)

Chlamydia
trachomatis n=212

Neisseria
gonorrhoeae n=212

(%, 95% CI) or (%, 95% CI) or Odds Ratio (95% CI) p-value?
mean (range) mean (range)
Age
33 (20-84) 32 (21-59) 0.99 (0.97-1.01) 0.360
Number of male sexual partners in the last 3 mo
6 (0-100) 9 (1-270) 1.01 (0.99-1.03) 0.213
Condom use with male partners in the last 3 mo
Not always 169 (84, 78-89) 157 (81, 75-86) 1
Always 32 (16, 11-22) 37 (19, 14-25) 1.24 (0.74-2.09) 0.410
HIV status®
Negative 204 (97, 93-97) 178 (84, 79-89) 1
Positive 7 (3,1-7) 33 (16, 11-21) 5.40 (2.32-12.52) <0.001
Using PrepP®
No 139 (68, 62-75) 136 (76, 69-82) 1
Yes 64 (32, 25-38) 42 (24, 18-31) 0.67 (0.43-1.06) 0.084
Symptomatic®
No 144 (68, 61-74) 96 (46, 39-53) 1
Yes 68 (32, 26-39) 115 (54, 47-61) 2.54 (1.71-3.77) <0.001
Anal symptoms®
No 201 (95, 91-97) 180 (85, 79-89) 1
Yes 11 (5, 3-9) 32 (15, 11-21) 3.25 (1.59-6.63) 0.001
STI contact
No 176 (83, 77-88) 189 (89, 84-93) 1
Yes 36 (17, 12-23) 23 (11, 7-16) 0.59 (0.33-1.04) 0.070
Mycoplasma genitalium detected in the rectum
Negative 185 (87, 82-91) 183 (86, 81-91) 1
Positive 27 (13, 9-18) 29 (14,9-19) 1.09 (0.62-1.91) 0.774
Chlamydia trachomatis detected in the urethra
No 170 (81, 75-86) 199 (96, 92-98) 1
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Yes 41 (19, 14-25) 9 (4,2-8) 0.19 (0.09-0.40) <0.001
Neisseria gonorrhoeae detected in the urethra

No 209 (99, 97-100) 142 (68, 61-75) 1

Yes 2 (1,0-3) 66 (32, 25-39) 48.57 (11.71-201.51) <0.001
Chlamydia trachomatis detected in the pharynx

No 187 (88, 83-92) 207 (99, 97-100) 1

Yes 25 (12, 8-17) 2 (1,0-3) 0.07 (0.02-0.31) <0.001
Neisseria gonorrhoeae detected in the pharynx

No 197 (93, 89-96) 124 (59, 52-66) 1

Yes 15 (7,4-11) 85 (41, 34-48) 9.00 (4.97-16.29) <0.001

Abbreviations: n=number; Cl=confidence interval; mo=months; HIVV=human immunodeficiency virus; PrEP=HIV pre-exposure prophylaxis

Notes: ®p-value calculated using logistic regression and bold indicates significant findings; °C.trachomatis samples from HIV positive patients were
removed for LGV testing; ®Individuals with HIV were excluded for this variable; ‘Symptomatic was defined as the presence of any symptom, including
symptoms at sites other than the rectum; ®*Anal symptoms included anal discharge, anal itch, anal pain, anal bleeding, painful bowel motions or
tenesmus.

Data missing for up to 8% of condom data, up to 2% of C.trachomatis and N.gonorrhoeae detected at other sites, and up to 1% of all other variables
(excluding age).
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Table 15. Characteristics of cases co-infected with Mycoplasma genitalium compared to rectal Chlamydia trachomatis or

rectal Neisseria gonorrhoeae mono-infections (N=424)

Chlamydia trachomatis rectal infections (n=212)?

Chlamydia trachomatis
cases only n=185 (%,

Chlamydia
trachomatis cases
with Mycoplasma

95% CI) or mean genitalium detected Odds Ratio (95% ClI) p-value®
(range) n=27 (%, 95% CI)
or mean (range)
Age 33 (20-84) 32 (22-52) 0.99 (0.95-1.03) 0.658
Number of male sexual partners in the last 3 mo
6 (0-30) 11 (1-100) 1.04 (1.00-1.09) 0.064

Condom use with male partners in the last 3 mo

Not always 145 (83, 76-88) 24 (92, 75-99) 1

Always 30 (17, 12-24) 2 (8, 1-25) 0.40 (0.09-1.80) 0.233
Using PrepP®

No 124 (70, 63-77) 15 (56, 35-75)

Yes 52 (30, 23-37) 12 (44, 35-65) 1.91 (0.84-4.35) 0.125
STI detected in the urethra®

No 146 (79, 73-85) 22 (81, 62-94) 1

Yes 38 (21, 15-27) 5 (19, 6-38) 0.87 (0.31-2.46) 0.797
STI detected in the pharynx®

No 152 (82, 76-87) 22 (81, 62-94) 1

Yes 33 (18, 13-24) 5 (19, 6-38) 1.05 (0.37-2.97) 0.931
Symptomatic’

No 125 (68, 60-74) 19 (70, 50-86) 1

Yes 60 (32, 26-40) 8 (30, 14-50) 0.88 (0.36-2.12) 0.771
Anal symptoms?

No 176 (95, 91-98) 25 (93, 76-99) 1

Yes 9 (5,2-9) 2 (7,1-24) 1.56 (0.32-7.66) 0.597
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STI contact

No 153 (83, 76-88) 23 (85, 66-96) 1
Yes 32 (17, 12-24) 4 (15, 4-34) 0.83 (0.27-2.57) 0.749
Neisseria gonorrhoeae rectal infections (n=212)
L Neisseria gonorrhoeae
Neisseria cases with Mycoplasma
gonor_rhoeae cases genitalium detected Odds Ratio (95% CI) p-value?
only n=183 (%, 95% =29 (%, 95% CI) or
Cl) or mean (range) i
mean (range)
Age 32 (21-59) 31 (21-56) 0.98 (0.92-1.03) 0.351
Number of male sexual partners in the last 3 mo
9 (1-270) 8 (1-25) 1 (0.98-1.02) 0.872
Condom use with male partners in the last 3 mo
Not always 136 (80, 74-86) 21 (84, 64-95)
Always 33 (20, 14-26) 4 (16, 5-36) 0.78 (0.25-2.44) 0.669
HIV status
Negative 158 (87, 81-91) 20 (69, 49-85)
Positive 24 (13, 9-19) 9 (31, 15-51) 2.96 (1.21-7.26) 0.023
Using PrEepP®
No 122 (77, 70-84) 14 (70, 46, 88)
Yes 36 (23, 16-30) 6 (30, 12-54) 1.45 (0.52-4.05) 0.485
STI detected in the urethra”
No 116 (64, 57-71) 19 (68, 48-84) 1
Yes 64 (36, 29-43) 9 (32, 16-52) 0.86 (0.37-2.01) 0.725
STI detected in the pharynx’
No 106 (59, 51-66) 16 (57, 37-76) 1
Yes 75 (41, 34-49) 12 (43, 24-63) 1.06 (0.47-2.37) 0.887
Symptomatic’
No 81 (45, 37-52) 15 (52, 33-71) 1
Yes 101 (55, 48-63) 14 (48, 29-67) 0.75 (0.34-1.64) 0.469
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Anal symptoms?

No 156 (85, 79-90) 24 (83, 64-94) 1

Yes 27 (15, 10-21) 5 (17, 6-36) 12 (0.42-3.43) 0.732
STI contact

No 164 (90, 84-94) 25 (86, 68-96) 1

Yes 19 (10, 6-16) 4 (14, 4-32) 1.38 (0.43-4.39) 0.585

Abbreviations: n=number; Cl=confidence interval; mo=months; HIV=human immunodeficiency virus; PrEP=HIV pre-exposure prophylaxis

Notes: ?Due to the removal of the majority of C.trachomatis positive samples from individuals with HIV, the association between C.trachomatis,
C.trachomatis/M.genitalium and HIV could not be assessed "p-value calculated using logistic regression and bold indicates significant findings;
“Individuals with HIV were excluded for this variable; ¢ C.trachomatis monoinfection cases, infections in urethra: C.trachomatis=37,
N.gonorrhoeae=1, M.genitalium =1. C.trachomatis and M.genitalium coinfection cases, infections in urethra: C.trachomatis = 4, N.gonorrhoeae=1,
M.genitalium =1; °C.trachomatis monoinfection cases, infections in pharynx: C.trachomatis=21, N.gonorrhoeae=14. C.trachomatis and M.genitalium
coinfection cases, infections in pharynx: C.trachomatis=4, N.gonorrhoeae=1; ‘Symptomatic was defined as the presence of any symptoms, including
symptoms at sites other than the rectum; 9Anal symptoms included anal discharge, anal itch, anal pain, anal bleeding, painful bowel motions or
tenesmus; " N.gonorrhoeae mono-infection cases, infections in urethra: C.trachomatis=9, N.gonorrhoeae=58, M.genitalium =1. N.gonorrhoeae and
M.genitalium coinfection cases, infections in urethra: C.trachomatis=1, N.gonorrhoeae=7, M.genitalium =2; ' N.gonorrhoeae mono-infection cases,
infections in pharynx: C.trachomatis=2, N.gonorrhoeae=73. C.trachomatis and M.genitalium coinfection cases, infections in pharynx:
C.trachomatis=0, N.gonorrhoeae=12.

C.trachomatis rectal infections, data missing for up to: 5% condom use data; 1% of HIV status, PrEP use, and STI detected in the urethra data.
Gonorrhoea rectal infections, data missing for up to: 14% of condom use data; 3% of STI detected at the urethra and or pharynx; and 1% of HIV, PrEP
and symptom status data.
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Table 16. Demographics and epidemiological features of Chlamydia trachomatis cases co-infected with Mycoplasma genitalium,
compared to Neisseria gonorrhoeae cases co-infected with Mycoplasma genitalium respectively (N=56)

Neisseria gonorrhoeae

Chlamydia trachomatis cases cases with Mycoplasma

with Mycoplasma genitalium

detected n=27 (%, 95% CI) g_ezngitagurg ((Jl)/etcé:lted Odds Ratio (95% CI) p-value?
or mean (range) n=29 (%, 95% ClI) or
mean (range)
Age 32 (22-51) 30 (20-56) 0.98 (0.92-1.05) 0.556
Number of male sexual partners in the last 3mo
10.5 (1-100) 8.08 (1-25) 0.99 (0.95-1.03 0.567

Condom use with male partners in the last 3 mo

Not always 24 (92, 75-99) 21 (84, 64-95) 1

Always 2 (8,1-25) 4 (16, 5-36) 2.29 (0.38-13.77) 0.367
Using PrEP®

No 15 (56, 35-75) 14 (70, 46, 88) 1

Yes 12 (44, 35-65) 6 (30, 12-54) 0.25 (0.10-0.65) 0.002
Symptomatic®

No 19 (70, 50-86) 15 (52, 33-71) 1

Yes 8 (30, 14-50) 14 (48, 29-67) 2.22 (0.74-6.67) 0.157
Anal symptoms®

No 25 (93, 76-99) 24 (83, 64-94) 1

Yes 2 (7,1-24) 5 (17, 6-36) 2.60 (0.46-14.73) 0.258
STI contact

No 23 (85, 66-96) 25 (86, 68-96) 1

Yes 4 (15, 4-34) 4 (14, 4-32) 0.92 (0.21-4.11) 0.913

Abbreviations: n=number; Cl=confidence interval; mo=months; PrEP=HIV pre-exposure prophylaxis

Notes: 2p-value calculated using logistic regression and bold indicates significant findings; "Individuals with HIV were excluded for this variable;
°Symptomatic was defined as the presence of any symptoms, including symptoms at sites other than the rectum; 9Anal symptoms included anal

discharge, anal itch, anal pain, anal bleeding, painful bowel motions or tenesmus.
Data missing for up to 14% of condom use in gonorrhoea samples, and 4% of condom use in C.trachomatis samples
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Table 17. Demographics and epidemiological features of Mycoplasma genitalium negative pharyngeal samples versus
Mycoplasma genitalium positive pharyngeal samples from men who have sex with men (N=466)

Mycoplasma
genita);iurpr)l negative I_\/Iygoplasmg_ . 0 i
N=458 (%, 95% geintallum positive  Odds Ratio (95% p- . Adj_usted Oddsb p-
CI) or mean n=8 (%, 95% CI) Cl) value Ratio (95% CI) value
(range) or mean (range)
Age 34 (18-87) 30 (22-38) 0.96 (0.88-1.04) 0.323
Number of male sexual partners in the last 3 mo
5 (0-100) 3 (0-8) 0.90 (0.67-1.21) 0.484
HIV status
Negative 410 (90, 86, 92) 5 (62.5,24-91) 1
Positive 48 (10, 8-14) 3 (37.5,9-76) 513 (1.19-22.12) 0.028 4.19 (0.85-20.81)  0.079
Using PrepP®
No 315 (82, 78-86) 4 (80, 28-99) 1
Yes 69 (18, 14-22) 1 (20,1-72) 1.14 (0.13-10.36)  0.907
STI detected in the rectum
No 374 (98, 96-99) 3 (37.5,9-76) 1
Yes 7 (2,1-4) 5 (62.5,24-91) 12.99 (3.01-56.06) 0.001 10.61 (2.30-48.87)  0.002
STI contact
No 402 (88, 64-91) 7 (87.5, 47-100) 1
Yes 56 (12, 9-16) 1 (125, 0-53) 1.03 (0.12-8.49) 0.981

Abbreviations: n=number; Cl=confidence interval; mo=months; HIVV=human immunodeficiency virus; PrEP=HIV pre-exposure prophylaxis

Notes: 2p-value calculated using logistic regression and bold indicates significant findings; Pvariables were included in adjusted analysis if the p-value
was less than 0.05; Individuals with HIV were excluded for this variable.

Data missing for up to 6% of PrEP use, and 17% of MSM were not tested for a ST1 at the rectum.
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4.6 Discussion

This study examined co-infection of M.genitalium with C.trachomatis and N.gonorrhoeae in the
rectum of MSM, as well as the prevalence of pharyngeal M.genitalium in MSM being screened for
C.trachomatis and N.gonorrhoeae at the largest urban sexual health centre in Australia. We found
high rates of coinfection, with M.genitalium present in 13%-14% of MSM with rectal
C.trachomatis or rectal N.gonorrhoeae. Pharyngeal M.genitalium was uncommon and detected in
2% of MSM and most cases were associated with rectal C.trachomatis or N.gonorrhoeae infection.
These findings indicate 1 in 7 MSM infected with C.trachomatis or N.gonorrhoeae at the rectum
are co-infected with M.genitalium and that a substantial number of undiagnosed rectal M.genitalium
infections are being inadvertently exposed to macrolide antibiotics, which is likely to be

contributing to increasing macrolide resistance in M.genitalium.

A recent meta-analysis, including five studies mostly testing urine, estimated the prevalence of
M.genitalium in MSM in the community at 3.2% (95%Cl: 2.1-5.1) at any site (Baumann et al.
2018). Studies have shown M.genitalium to be most commonly detected at the rectum in MSM,
with 40.7% of contacts of the infection positive in rectal sites (Slifirski et al. 2017). M.genitalium
was detected in 7% of rectal samples from asymptomatic MSM in a recent study of 1001
asymptomatic MSM at Melbourne Sexual Health Centre (Read et al. 2019a), and 9% of consecutive
asymptomatic and symptomatic anorectal samples from 505 MSM in Sydney (Couldwell et al.
2018). The Melbourne study also found that of 89 MSM with M.genitalium at any site, 17% were
co-infected with C.trachomatis or N.gonorrhoeae, and in 143 MSM diagnosed with C.trachomatis
or N.gonorrhoeae at Melbourne Sexual Health Centre over the same period, 11% were co-infected
with M.genitalium (Read et al. 2019a). Notably a recent Sydney study reported rectal-CT to be
independently associated with anorectal rectal M.genitalium (OR=5.0, 95%CIl: 2.1 to 11.8, p<0.001)
(Couldwell et al. 2018). A study at our centre did not show this association at the rectum, but that
C.trachomatis and N.gonorrhoeae were associated with urethral M.genitalium (p=0.03 and
p=0.002, respectively) (Read et al. 2019a).

Globally for over a decade C.trachomatis and N.gonorrhoeae have commonly been treated with
regimens that include 1g azithromycin. Recent studies in Australia have shown resistance to
azithromycin in M.genitalium in MSM now exceeds 80% (Bissessor et al. 2015; Tagg et al. 2013;
Couldwell et al. 2018). A meta-analysis and published data from our group has shown de novo
resistance occurs in 12% of M.genitalium infections following use of 1g azithromycin (Read et al.
2017a; Horner et al. 2017a). Data on the effect of extended azithromycin regimens on de novo

resistance is less clear. A recent meta-analysis containing 82 patients who received 1.5g
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azithromycin (without preceding doxycycline) found de novo resistance to be 3.7% (95% CI 0.8%
to 10.3%), while a prospective study of 106 M.genitalium infected patients treated with 1.59
azithromycin found de novo resistance to be similar to 19 (12%, 95%CI:3-27%) (Read et al. 2017a;
Horner et al. 2017a). The rising levels of macrolide resistance seen in M.genitalium is likely to be
due to azithromycin use, particularly 1g in the treatment of M.genitalium, as well as inadvertent
exposure during treatment of C.trachomatis and N.gonorrhoeae. Macrolide resistance is also rising
in gonorrhoea and syphilis (Unemo et al. 2014; Lukehart et al. 2004). Collectively, these data adds
to a growing body of evidence that suggests azithromycin use should be reduced in the STI field
(BASHH 2018). However, while limited safe and available treatment options exist for macrolide-
susceptible M.genitalium, it seems sensible to use an extended azithromycin regimen with
preceding doxycycline as published data suggests this may be associated with low levels of de novo
resistance [2.6% (95%CI: 0.3%-9.2%)] (Read et al. 2019b).

Co-infection with M.genitalium in MSM with either rectal C.trachomatis or N.gonorrhoeae was
associated with specific risk factors. Compared to having rectal N.gonorrhoeae alone, rectal
M.genitalium/N.gonorrhoeae co-infection was more common amongst individuals with HIV. This
association could not be assessed amongst patients with C.trachomatis due to the removal of
samples for LGV testing. A recent meta-analysis showed an association between HIV and
M.genitalium in MSM, predominantly reflecting cross-sectional observational data (Mavedzenge et
al. 2009). Prospective studies have suggested an association between M.genitalium and HIV
infection in women in Africa (Mavedzenge et al. 2009), but there are no prospective studies
examining this relationship in MSM, and the nature of this relationship remains to be established.
Co-infection with M.genitalium in individuals with either rectal C.trachomatis or rectal
N.gonorrhoeae was associated with factors that largely reflect increased risk - current use of PrEP,
HIV infection and having more male partners. While individually not particularly useful,
collectively these risk factors may indicate which individuals are more likely to be rectally co-
infected with M.genitalium. M.genitalium has been associated with current use of PrEP in previous
studies (Couldwell et al. 2018), and the majority of studies have found younger age and increased
number of sexual partners to be associated with M.genitalium (Andersen et al. 2007). Neither co-
infection with M.genitalium at the rectum or infection at the pharynx were associated with site-

specific symptoms.

M.genitalium has been rarely reported in the oropharynx in MSM. Previous studies in Sydney and

Melbourne, of 508 and 515 men respectively, both failed to detect pharyngeal M.genitalium using

PCR. TMA has a higher analytical sensitivity than PCR for M.genitalium (Anagrius et al. 2005;

Tabrizi et al. 2016), although the Aptima M.genitalium Assay (Hologic, San Diego) has yet to be
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validated for detection of pharyngeal M.genitalium. Given the organism load of M.genitalium is up
to 100 times lower than that of C.trachomatis (Walker et al. 2011), and may be at particularly low
loads in the pharynx, TMA may be more likely to detect pharyngeal infections. We detected
M.genitalium in 2% of pharyngeal samples, which is similar to the prevalence of C.trachomatis at
the pharynx in MSM attending our clinic (Ong et al. 2018b). Pharyngeal M.genitalium was
associated with having a concomitant rectal STI (either C.trachomatis or N.gonorrhoeae), although
a recent study at our centre found only 1.9% of 54 rectal M.genitalium infections had pharyngeal
M.genitalium by PCR (Read et al. 2019a). Other pharyngeal STIs commonly occur concurrently
with rectal infections, with 71% and 43% of C.trachomatis and N.gonorrhoeae pharyngeal
infections found to have a concurrent rectal infection respectively. MSM who were HIV positive
were also more likely to have pharyngeal M.genitalium detected than HIV negative men. As
mentioned previously, there is a known association between HIV and M.genitalium (Mavedzenge et
al. 2009), and the clearance rate of M.genitalium appears to be slower amongst HIV positive people
(Vandepitte et al. 2013), however this association with HIV has not been previously reported with
pharyngeal M.genitalium. There was no difference in the proportion of MSM reporting to be STI
contacts between those with M.genitalium in the pharynx and those without. The transmissibility of
pharyngeal M.genitalium is not known as it is not clear if this low positivity in the pharynx reflects
passive infection/deposition, rather than active infection as has been hypothesized for pharyngeal
C.trachomatis. Overall these and other data indicate the pharynx is unlikely to be a significant

source of M.genitalium transmission.

There were several limitations with this study. The Aptima buffer evaporates from the stored rectal
and pharyngeal samples when stored at room temperature, which left insufficient remnant buffer for
testing for many specimens. Subsequently, the samples were resealed with parafilm, which reduced
evaporation. Rectal and pharyngeal samples that were positive for both C.trachomatis and
N.gonorrhoeae were more likely to have insufficient buffer remaining for additional M.genitalium
testing, impacting on our ability in this study to examine cases with triple (M.genitalium,
C.trachomatis and N.gonorrhoeae) infection. Removal of C.trachomatis positive rectal samples
from HIV positive men being tested for LGV impacted on our ability to examine the association
between HIV and rectal C.trachomatis. This study was conducted at a single sexual health clinic,

and so is likely to reflect a higher risk population that may impact on prevalence estimates.

We have demonstrated a high prevalence of co-infection of M.genitalium with C.trachomatis and

N.gonorrhoeae in the rectum of MSM attending our service, which highlights how commonly

M.genitalium is being inadvertently exposed to antibiotics in the treatment of other STIs. While the

prevalence of M.genitalium in men with other rectal STIs is high, lack of clarity around the natural
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history of M.genitalium in the rectum and concerns around issues of cost, toxicity, and
antimicrobial resistance in the treatment of macrolide-resistant M.genitalium makes the issue of
screening for M.genitalium in MSM far more complex than it is for C.trachomatis and
N.gonorrhoeae. Few papers have investigated pharyngeal M.genitalium in MSM. Our findings are
in line with other publications and show M.genitalium is not commonly detected in the pharynx of
MSM being screened for C.trachomatis and N.gonorrhoeae, indicating it is not a common site of

infection.
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5. The clinical indications for testing women for Mycoplasma genitalium

5.1 Background

M.genitalium is a recognised cause of urethritis in men, however it has taken much longer for its
role in women to become apparent. M.genitalium is now an established cause of cervicitis and PID
in women, with less evidence for associations with infertility, spontaneous abortion and premature
birth (Taylor-Robinson et al. 2011; Lis et al. 2015). Guidelines do not recommend screening for
M.genitalium in any individuals (CDC 2015), however testing has been recommended for patients
presenting with symptoms indicative of a genital tract infection or high-risk patients (Oakeshott et
al. 2010a; Andersen et al. 2007; Walker et al. 2013). Although M.genitalium is a common infection
of the genitourinary tract, its pathogenic effects have not been well described in women. Limited
evidence exists to suggest M.genitalium may be associated with symptoms of post-coital bleeding
(Bjartling et al. 2012), abnormal vaginal discharge (Vandepitte et al. 2012; Walker et al. 2011) and
dysuria (Vandepitte et al. 2012). If women are to be tested for M.genitalium based on the presence
of symptoms, it is important to have robust evidence underpinning which symptoms are

significantly associated with M.genitalium infection in women.

This chapter had the following aims:

1) To determine the clinical characteristics of M.genitalium in women.

2) To determine the relative contributions of M.genitalium , C.trachomatis, other common
genital infections, and to common genitourinary symptoms in women.

3) To determine the risk factors for M.genitalium in sexually active women to inform screening

guidelines.

This paper was accepted for publication in May 20201 in Sexually Transmitted Infections, pending

publication at the time of submission of this thesis.

This study has been presented as an oral presentation at the 2020 Joint Australasian HIV&AIDS
and Sexual Health Conferences: Virtual, November 16"-20" 2020 (Oral Presentation 0182), and at

the Central Clinical School Graduate Research Symposium, Melbourne, October 71 2019.

This study has been presented as a poster at the STI & HIV World Congress, Vancouver, Canada,
July 14%-17% 2019. Published: Latimer R, Vodstrcil L, Read T, et al. P606 Oh MG! the symptoms

of mycoplasma genitalium in women. Sexually Transmitted Infections 2019; 95:A268.
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The submitted paper has been included as text in the thesis to allow for inclusion of what was
supplementary material in the submitted study, and a further appendix. No alterations have been

made aside from abbreviations, and figure and table numbers, for thesis consistency.
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5.2 Abstract

5.2.1 Background

While the contribution of M.genitalium to symptoms in men is well described, less is known about
its association with common genital symptoms in women. We aimed to determine the prevalence of
M.genitalium and macrolide-resistance, and its association with common genital symptoms in

women attending a sexual health service, to inform indications for testing and clinical practice.

5.2.2 Methods

We undertook a cross-sectional study of symptomatic and asymptomatic women attending
Melbourne Sexual Health Centre, between April 2017-April 2019. Women were tested for
M.genitalium and macrolide-resistance, C.trachomatis, Neisseria gonorrhoeae, Trichomonas
vaginalis, bacterial vaginosis and vulvovaginal candidiasis. Women completed a questionnaire on
symptoms, and symptomatic women underwent examination. The prevalence of M.genitalium (and
macrolide-resistance) and other genital infections was calculated with 95%CI, and associations

between these outcomes and specific genital symptoms were examined using logistic regression.

5.2.3 Results

Of 1,318 women, 83 (6%, 95%CI: 5%-8%) had M.genitalium, of which 39 (48%, 95%CI: 36-59)
had macrolide-resistant M.genitalium; 103 (8%, 95%CI: 6-9%) women had C.trachomatis.
M.genitalium prevalence was similar in asymptomatic (10/195; 5%) and symptomatic (73/1108;
7%) women, p=0.506. M.genitalium was associated with mucopurulent cervicitis on examination
[AOR=4.38, 95%CI: 1.69-11.33, p=0.002], but was not associated with other specific genital

symptoms or signs.

5.2.4 Conclusions

M.genitalium was as common as C.trachomatis amongst women attending Melbourne Sexual
Health Centre. M.genitalium was not associated with genital symptoms, but like C.trachomatis, was
significantly associated with cervicitis. These data provide evidence that routine testing for
M.genitalium in women with common genital symptoms is not indicated. The presence of

macrolide-resistance in 48% of women supports use of resistance-guided therapy.
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5.3 Introduction

M.genitalium is a recognised cause of urethritis in men (Horner et al. 2017b), but in women an
association with syndromes and sequelae has been less consistently observed . However, a large
cross-sectional study of 5000 women attending an emergency gynecological hospital by Bjartling et
al. found M.genitalium was significantly associated with both cervicitis (OR 3.8, 95%Cl: 2.1-7.0)
and pelvic inflammatory disease (OR 9.0, 95%CIl: 1.6-49.9) (Bjartling et al. 2012), and a meta-
analysis in 2015 by Lis et al. reported M.genitalium to be associated with an increased odds of both
cervicitis and PID in women (Lis et al. 2015). A recent synthesis of cohort study data indicated 5%
of M.genitalium infections progress to PID (Lewis et al. 2020). Based on these findings, a UK and
Australian guidelines recommend testing for M.genitalium in women with cervicitis and PID
(BASHH 2018; ASHA 2018).

While there is a substantial body of evidence supporting the association between M.genitalium and
STI syndromes, less data exist to inform M.genitalium testing practices in women presenting with
common genitourinary symptoms. While Bjartling et al. assessed a range of symptoms they found
M.genitalium to be associated with the symptom of post-coital bleeding only (OR 2.1, 95%CI: 1.2-
3.7)(Bjartling et al. 2012). Other research has reported associations between M.genitalium and
abnormal vaginal discharge (Vandepitte et al. 2012; Walker et al. 2011) and dysuria (Vandepitte et
al. 2012), but some studies conducted amongst STI clinic attendees in Sweden and America found
no association between M.genitalium and genital symptoms in women (Anagrius et al. 2005;
Mobley et al. 2012).

Women are disproportionately affected by the adverse consequences of STIs (Eng et al. 1997;
Anderson 1995), however STI testing is associated with significant costs to services, and so it is
important to have robust evidence that underpins recommendations for M.genitalium testing in
women. We undertook a cross-sectional study of symptomatic and asymptomatic women attending
Melbourne Sexual Health Centre to determine the prevalence of M.genitalium and macrolide-
resistant M.genitalium in women, the prevalence of co-infections, and the association of
M.genitalium with common genital symptoms and signs, to inform indications for testing and

clinical practice.
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5.4 Methods

This cross-sectional study was conducted amongst women attending Melbourne Sexual Health
Centre, the largest public sexual health service in Victoria, Australia, between April 2017 and April
2019, with >50,000 consults per annum. Melbourne Sexual Health Centre provides a walk-in
service, where on arrival clients are triaged as asymptomatic or symptomatic; if triaged as
asymptomatic they are screened for STIs by a nurse, and if symptomatic they are seen by a
clinician. In this study, women identified as asymptomatic at triage were screened for eligibility and
recruited by a research nurse, and women triaged as symptomatic were screened for eligibility and
recruited by select clinicians who were experienced in study recruitment. Women were eligible if
they were sexually active, aged >18 years and were presenting with common genitourinary
symptoms or presenting for routine STI screening. Women were ineligible if they were unable to
consent to the study for reasons of language or mental state; if they were current sex workers; if
they were presenting for M.genitalium test of cure or as an M.genitalium contact; or if they were
aged under 18 years (Figure 19). Women with moderate or severe PID were not recruited in order to
expedite their clinical care.

All participants completed a questionnaire which captured whether they had experienced any of the
following genital symptoms in the week prior to presentation: abdominal or pelvic pain,
dyspareunia, abnormal vaginal discharge, vaginal odour, post-coital bleeding, intermenstrual
bleeding, vaginal itch, dysuria, urinary frequency or urgency, and/or fevers or sweats (Appendix

C1). Participants also answered questions about prior sexual practices (Appendix C1).

Asymptomatic participants were not examined but provided a first pass urine for C.trachomatis and
N.gonorrhoeae screening (in keeping with standard clinical practice), and were given instructions to
self-collect a vaginal swab for M.genitalium screening (Figure 19). Symptomatic participants had a
clinician collected cervicovaginal swabs for M.genitalium, C.trachomatis and N.gonorrhoeae
testing (Figure 19). Clinicians completed a standardised checklist recording the presence or absence
of each of the following clinical signs: abnormal vaginal discharge, abnormal vaginal odour, vulval
redness or vulvitis, cervicitis (defined as mucopurulent cervicitis and/or cervical friability), cervical
contact bleeding, and cervical or adnexal motion tenderness. Speculum and bimanual examination
was performed in keeping with clinical practice at Melbourne Sexual Health Centre. Speculum
examination is undertaken in women with vaginal discharge, abdominal and/or pelvic pain, whereas
bimanual examination is generally restricted to women with abdominal or pelvic pain and those
found to have cervicitis on examination. Asymptomatic women were not examined, also in keeping

with clinic protocol.
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All participants had vaginal pH recorded, and vaginal smear prepared for Gram stain to assess for
bacterial vaginosis and vulvovaginal candidiasis. Wet preparation and culture for Trichomonas
vaginalis (T.vaginalis) was performed in women with vaginal discharge and/or itch only, as
T.vaginalis is extremely uncommon at Melbourne Sexual Health Centre and present in <1% of
attendees (Marrone et al. 2008).

Detection of M.genitalium and macrolide-resistance mutations was performed using the
ResistancePlus M.genitalium test (SpeeDx Pty Ltd., Sydney, Australia)(Pitt et al. 2018; Tabrizi et
al. 2017). Samples were tested for C.trachomatis and N.gonorrhoeae by transcription mediated
amplification (Aptima Combo 2, Hologic, Massachusetts, USA). T.vaginalis was detected using a
wet preparation that was examined within 5 minutes of collection at the onsite Melbourne Sexual
Health Centre laboratory, and culture. Bacterial vaginosis was diagnosed using both Amsel criteria
and Nugent score (bacterial vaginosis defined as >3 Amsel criteria and NS=4-10). Vulvovaginal
candidiasis was diagnosed based on the presence of typical clinical features (thick white or curdy
candidal discharge and/or vulvovaginal erythema) and/or presence of visible pseudohyphae and/or
budding yeasts on microscopy. Vaginal polymorphonuclear cell counts (PMNL) on Gram stain

were recorded as either <5 or >5 vaginal PMNL/high power field (hpf).

5.4.1 Sample size and statistical methods

Sample size calculations were based on a study population of 1350 women, in which we assumed
M.genitalium positivity would be 8% among 250 women with a specific symptom, and 4% among
1100 women without that specific symptom [estimates based on a prior Australian study (Walker et
al. 2011)]; this would yield 80% power (¢=0.05) to detect an OR of >2.3 for the symptom of
interest. The proportion of women with each infection (M.genitalium, C.trachomatis,
N.gonorrhoeae, T.vaginalis, bacterial vaginosis and vulvovaginal candidiasis) and with genital
coinfections was determined with 95% binomial Cls. Firstly, we compared demographic and
behavioural characteristics between asymptomatic and symptomatic women using logistic
regression. Next, we compared the proportion of women with each individual infection by
asymptomatic or symptomatic status using logistic regression, adjusting for number of male sexual
partners (MSPs) in the prior 12 months, as a significant risk factor for ST1 acquisition. Logistic
regression was then used to investigate the association between M.genitalium and each other genital

infection, adjusting for MSPs in the prior 12 months.

Using logistic regression, we determined the association between demographic and behavioral
factors, and clinical symptoms and signs and i) M.genitalium and ii) C.trachomatis, compared to

women without M.genitalium or C.trachomatis. As M.genitalium and C.trachomatis have
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overlapping genital symptoms and signs, and can be associated with cervicitis and/or PID, women
with C.trachomatis were excluded from analyses of M.genitalium, and women with M.genitalium
were excluded from analyses of C.trachomatis. All analyses were then adjusted for number of
MSPs, vulvovaginal candidiasis, N.gonorrhoeae and bacterial vaginosis so that we could determine
the independent association of M.genitalium (or C.trachomatis) with each characteristic. Analyses
were not adjusted for T.vaginalis, as T.vaginalis was not assessed in all women. Additionally, we
did not adjust for bacterial vaginosis in associations between M.genitalium / C.trachomatis and
individual Amsel criteria (i.e. vaginal discharge, abnormal vaginal odour and vaginal pH) as these
are used in the diagnosis of bacterial vaginosis (i.e. correlated with bacterial vaginosis). We also
tested for interaction terms between M.genitalium (and C.trachomatis) and genital infections, and
conducted stratified analyses where appropriate. Variables were considered significant if the p-
value was <0.05. Statistical analyses were performed using Stata/IC (Version 14, StataCorp LP,
College Station, USA). This project was approved by the Alfred Hospital Ethics Committee (project
100/17) and all participants provided written informed consent (Appendix C2).
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5.5 Results

From April 2017 to April 2019, 16,956 individual women attended Melbourne Sexual Health
Centre with a total of 36,891 consultations. Of these, 16.3% were sex workers and ineligible. As a
public sexual health clinic, Melbourne Sexual Health Centre has a high proportion of non-English
speaking clients who were not approached for the study, with the exact number unknown. A total of
1,355 women were recruited to the study by select clinicians and a research nurse. Thirty-seven
women were excluded, 25 women disclosed post-recruitment that they were sex workers and 12

women were inadvertently recruited twice; 1,318 women were included in final analyses.

Of the 1,318 women analysed, 1,120 were symptomatic (reported at least one genital symptom in
the week prior to presentation) and 198 were asymptomatic (reported no genital symptoms in the
prior week). The most frequently reported symptoms were abnormal vaginal discharge (34%),
abnormal vaginal odour (24%) and vulvo-vaginal itch (21%). Dyspareunia (10%), post-coital
bleeding (8%), and fever (3%) were less frequently reported. Compared to asymptomatic women,
symptomatic women were more likely to report inconsistent condom use in the prior 12-months
(OR=1.79, 95%CI:1.07-3.00, p=0.026) and an STI in the past 6-months (OR=2.42, 95%CI:1.35—
4.36, p=0.003; Table 18).

5.5.1 Prevalence of Mycoplasma genitalium and other genital infections

Of the 1,318 women, 15 (1%) had an invalid test for M.genitalium. Of 1,303 remaining women, 83
(6%, 95%CI:5-8) had M.genitalium detected, with no significant difference in the proportion with
M.genitalium between completely asymptomatic women (5%, 95%CI:2-9) and women with one or
more recent symptoms (7%, 95%CI:5-8, Table 18). Macrolide-resistance was detected in 39/82
M.genitalium positive samples (48%, 95%CI:36-59), and was not assessable in one sample. There
was no difference in the proportion with macrolide-resistance between asymptomatic women and
symptomatic women (40% versus 49%, p=0.741). One hundred women had C.trachomatis (8%,
95%CI:6-9), 12 had N.gonorrhoeae (1%, 95%CI:0-2), 379 had bacterial vaginosis (30%,
95%CI:28-33) and 314 had vulvovaginal candidiasis (24%, 95%Cl:22-27). Only 6 of 684
participants tested by culture and wet preparation were positive for T.vaginalis. Bacterial vaginosis
and vulvovaginal candidiasis were the only infections detected more frequently in symptomatic
women compared to asymptomatic women (33% versus 17%, p<0.001, and 26% versus 15%,
p=0.001, respectively), which is a reflection of how common the symptoms of vaginal discharge,
odour and itch were in female STI clinic attendees. All women with N.gonorrhoeae were

symptomatic.

143



5.5.2 Mycoplasma genitalium and genital co-infections

Of the 83 women with M.genitalium, 8 (10%, 95%CI: 4-18) were co-infected with C.trachomatis, 1
(1%, 95%CI:0—7) with N.gonorrhoeae, 29 (36%, 95%CI: 26-48) had concurrent bacterial
vaginosis, 21 (26%, 95%CI:17-36) had concurrent vulvovaginal candidiasis, and 1 (1.2%, 95%(CI:
0-7) was co-infected with T.vaginalis. M.genitalium was not significantly associated with presence

or absence of any genital infection (Table 19).

5.5.3 Associations between demographic and behavioural characteristics and Mycoplasma
genitalium

We investigated the association between demographic and behavioral characteristics and
M.genitalium infection compared to women without M.genitalium. M.genitalium was not associated
with specific demographic or behavioral characteristics following adjustment for number of MSPs
and genital co-infections (Table 20). Similarly, C.trachomatis positivity was not associated with

any demographic or behavioral characteristics in adjusted analyses (Table 21).

5.5.4 Association between self-reported symptoms and Mycoplasma genitalium

We investigated the association between self-reported symptoms in the week prior to recruitment
and M.genitalium. M.genitalium was negatively associated with self-reported vaginal odour
(AOR=0.48, 95%CI: 0.24-0.96, p=0.037), but was not associated with any other symptoms (Table
20). In contrast, C.trachomatis was associated with self-reported vaginal discharge (AOR=2.12,
95%Cl: 1.32-3.42, p=0.002; Table 21). Additionally, in stratified analyses, C.trachomatis was
associated with dyspareunia in women with vulvovaginal candidiasis (AOR=8.66, 95%CI: 1.90-
39.54, p=0.005), but this association was not found in women without vulvovaginal candidiasis.
Importantly very few women were co-infected with C.trachomatis and vulvovaginal candidiasis
(n=11), which may have influenced this finding. There were no significant differences in symptoms
between women with M.genitalium and C.trachomatis, although the small number of women with

each infection is likely to have impacted this comparison (Table 22).

5.5.5 Association between signs on examination and Mycoplasma genitalium

We next investigated the association between clinical signs and M.genitalium. We tested for
interaction terms between M.genitalium and genital infections and the only significant interaction
was between M.genitalium and bacterial vaginosis for cervicitis (p=0.020). To account for potential
confounding by bacterial vaginosis on the relationship between M.genitalium and cervicitis, data
were then stratified by bacterial vaginosis status, and the association between M.genitalium and
cervicitis was investigated within each stratum. In women without bacterial vaginosis, M.genitalium

was strongly associated with cervicitis (AOR=4.38, 95%CI: 1.69-11.33, p=0.002, Table 23), but
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this association was not found in women with bacterial vaginosis. M.genitalium was not associated
with any other clinical signs, including vaginal PMNL count; although all women with
M.genitalium -cervicitis had >5 PMNL/hpf detected (Table 23).

In order to determine if there were key differences in the clinical presentation between
C.trachomatis and M.genitalium in our clinic population, we then assessed the association between
clinical signs and C.trachomatis. C.trachomatis was associated with vaginal discharge (AOR=2.13,
95%CI:1.19-3.82, p=0.011), mucopurulent cervicitis (AOR=2.85, 95%Cl: 1.49-5.44, p=0.002),
and >5 PMNL/hpf on microscopy of vaginal secretions (AOR=2.50, 95%CI: 1.49-4.20, p=0.001,
Table 24). There were no significant differences in clinical signs between women with
M.genitalium and C.trachomatis (Table 22).
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Waomen
presenting to
MSHC were

triaged as part
of standard
clinical care.

I

I

Asymptomatic
Women were
seen by clinic
nurses, and then
recruited to the
study by study
nurses.

:

Symptomatic
were seen by
clinic doctors
and nurse
practitioners,
and recruited to
the study by
select clinicians.

Women answered a questionnaire enquiring about the presence of any
genitourinary symptoms in the last week, as well as questions about

their sexual history.

Women who
were
asymptomatic at
triage, and
reported no
symptoms on
the
questionnaire,
provided a FPU
to screen for CT
and NG, and a
self-collected
HVS to screen
for MG and TVa.

(n=198)

I

Women who
were
asymptomatic
at triage, but
reported one or
more symptoms
on the
questionnaire
were seen by a
clinician and
enrolled in the
symptomatic
group.

—

Symptomatic
women
underwent
examination in
line with
standard clinical
care. They had
a clinician
collected HVS
collected to test
for CT, NG and
MG2,

{n=1120}

Women were not
recruited if they
were <18 years of
age, current sex
workers, if they
could not consent
for reasons of
language or
mental state, or if
they were
presenting for an
MG test of cure or
as an MG contact.

Figure 19. Flow diagram detailing the enrolment of participants in the study.

Notes:

Abbreviations: MSHC= Melbourne Sexual Health Centre; FPU= first pass urine; HVS= high
vaginal swab; CT= Chlamydia trachomatis; NG=Neisseria gonorrhoeae; MG= Mycoplasma
genitalium, TV=Trichomonas vaginalis. ?Bacterial vaginosis and vulvovaginal candidiasis were
also investigated. Vaginal smears for Gram stain and wet preparation were prepared for all

participants, and vaginal pH was recorded for all participants.
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Table 18. Demographic and epidemiological characteristics and prevalence of common genital infections in asymptomatic and
symptomatic women?

Asymptomatic women Symptomatic women® N=1120

N=198 median (IQR) or Odds Ratio p-value®
median (IQR) or N (%, 95%CI) (95% ClI)
n (%, 95%CI) ’
Median age 25  (22-29) 26 (23-29) 1.01 (0.98-1.04) 0.389
Median number of male
partners in past 12m 4 (2-6) 4 (2-6) 1.01 (0.97-1.04) 0.638
Condom use in past 12m
Always 21 (11, 7-16) 69 (6, 5-8) 1
Not Always 175 (89, 84-93) 1,032 (94, 92-95) 1.79 (1.07-3.00) 0.026
STI in the past 6m¢
No 184 (93, 89-96) 934 (85, 83-87) 1
Yes 13 (7, 4-11) 160 (15, 13-17) 2.42 (1.35-4.36) 0.003
Asymptomatic women Symptomatic women® N=1120 Adjusted Odds Ratio® (95% lue®
N=198 n (%, 95%CI) n (%, 95%ClI) Cl) p-value
Mycoplasma genitalium
Negative 185 (95, 91-98) 1035 (93, 92-95) 1
Positive 10 (5, 2-9) 73 (7,5-8) 1.26 (0.64-2.49) 0.506
Unassessable 3 12
Chlamydia trachomatis
Negative 183 (92, 88-96) 1025 (92, 91-94) 1
Positive 15 (8, 4-12) 85 (8,6-9) 0.99 (0.56-1.76) 0.977
Unassessable/ not tested 0 10
Neisseria gonorrhoeae
Negative 198 (100, 98-100)" 1098 (99, 99-100)
Positive 0 (0,0-2)f 12 (1,1-2) omitted 0.2329
Unassessable/ not tested 0 10
Bacterial vaginosis"
Negative 165 (83, 77-88) 713 (67, 64-70) 1
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Positive 33 (17, 12-23) 346 (33, 30-36) 240 (1.61-3.57) <0.001

Not assessed 0 61
Vulvovaginal candidiasis'
Negative 164 (85, 80-90) 818 (74, 71-77) 1
Positive 28 (15, 10-20) 286 (26, 23-29) 2.04 (1.34-3.12) 0.001
Not assessed 6 16

Abbreviations: n=number, Cl=confidence interval

Notes: ®T.vaginalis is extremely uncommon at Melbourne Sexual Health Centre and present in <1% of attendees. Of the 684 participants who were
tested by culture and wet prep, only 6 were positive for T.vaginalis. "Women were classified as ‘Symptomatic’ if they reported the presence of one or
more of the following genital symptoms: abdominal pain, dyspareunia, vaginal discharge, abnormal odour, post-coital bleeding, intermenstrual
spotting, vaginal itch, dysuria, urinary frequency, fevers. °p-value calculated using logistic regression and bold indicates significant findings. ST1 in
the past six months referred to bacterial STI only, however some women may have misinterpreted this question and answered with regards to warts or
other nonbacterial STI. ¢Adjusted for number of male sexual partners in the past twelve months (continuous variable). fone-sided, 97.5% confidence
interval. 9p-value calculated using Fishers exact test, not adjusted for partner number. "Bacterial vaginosis diagnosis was defined as Nugent Score = 4-
10 and 3-4 Amsel criteria OR Nugent Score=4-10 and presence of clue cells if client was either asymptomatic (i.e. Amsel criteria not assessed) or other

factors (i.e. blood/menses) prevented clinical examination of Amsel Criteria. 'Vulvovaginal candidiasis was diagnosed microscopically or clinically by
a doctor.
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Table 19 . Genital coinfections with Mycoplasma genitaliuma

Mycoplasfma g_enltallum Mycoplagr_na ge_nltallum Adjusted Odds Ratio ;
negative n= 1220 positive n=83 (95% CI)° p-value
(%, 95% CI) (%, 95% CI)
Chlamydia trachomatis
Negative 1118 (92, 91-94) 75 (90, 82-96) 1
Positive 92 (8,6-9) 8 (10,4-18) 1.28 (0.60-2.74) 0.525
Neisseria gonorrhoeae f
Negative 1199 (99, 98-100) 82 (99, 93-100) 1
Positive 11 (1,0-2) 1 (1,0-7) 1.27 (0.16-10.01) 0.818
Bacterial vaginosis®
Negative 813 (70, 67-73) 51 (64, 52-74) 1
Positive 349 (30, 27-33) 29 (36, 26-48) 1.29 (0.80-2.07) 0.295
Vulvovaginal candidiasis”
Negative 918 (77,74-79) 61 (74, 64-83) 1
Positive 281 (23, 21-26) 21 (26, 17-36) 1.12 (0.67-1.88) 0.658

Abbreviations: n=number, Cl=confidence interval

Notes: 2Women with an unassessable M.genitalium result (n=15) were excluded from the analysis. ® T.vaginalis is extremely uncommon at Melbourne
Sexual Health Centre and present in <1% of attendees. 41 women with M.genitalium were assessed for T.vaginalis and only 1 (2%) was positive for
T.vaginalis.

°Adjusted for number of male sexual partners in the last three months as a risk factor. 9p-value calculated using logistic regression. ¢C.trachomatis
result was unassessable in 9 women and not tested for in 1 woman. N.gonorrhoeae result was unassessable in 8 women and not tested for in 2 women.
9Bacterial vaginosis was not assessed in 61 women. "Vulvovaginal candidiasis was not assessed in 22 women.
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Table 20. Associations between Mycoplasma genitalium and demographics, past sexual practices and self-reported symptoms in the prior
week?

Mycoplasma genitalium Mycoplasma genitalium
negative n=1128 positive n=75 Adjusted Odds Ratio (95% lueS
median (IQR) or median (IQR) or Cl)° p-vaiue
n (%, 95% CI) n (%, 95% CI)
Median age 26 (23-29) 26 (23-29) 0.96 (0.92-1.01) 0.136
Median number of male
partners in past 12m 4 (2-6) 4 (3-7) 1.03 (1.00-1.07) 0.053
Condom use in past 12m¢
Always 82 (7,6-9) 4 (5, 1-13) 1
Not Always 1027 (93, 91-94) 70 (95, 87-99) 1.17 (0.41-3.31) 0.772
STI in the past 6m®
No 959 (87, 85-89) 62 (85, 75-92) 1
Yes 147 (13, 11-15) 11 (15, 8-25) 1.10 (0.55-2.22) 0.780
Self-reported symptoms (in the prior week to recruitment)
Abdominal Pain
No 962 (86, 83-88) 64 (86, 77-93) 1
Yes 161 (14, 12-17) 10 (14, 7-23) 1.08 (0.54-2.17) 0.827
Missing 5 1
Dyspareunia
No 1010 (90, 89-92) 66 (90, 81-96) 1
Yes 107 (10, 8-11) 7 (10, 4-19) 1.16 (0.51-2.61) 0.724
Missing 11 2
Vaginal discharge
No 752 (67, 64-70) 48 (65, 53-76) 1
Yes 367 (33, 30-36) 26 (35, 24-47) 0.90 (0.53-1.54) 0.703
Missing 9 1
Abnormal vaginal odour?
No 850 (76, 73-79) 60 (81, 70-89) 1
Yes 268 (24, 21-27) 14 (19, 11-30) 0.48 (0.24-0.96) 0.037
Missing 10 1
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Vaginal itch

No

Yes

Missing
Post-coital bleeding

No

Yes

Missing
Intermenstrual bleeding

No

Yes

Missing
Dysuria

No

Yes

Missing
Urinary frequency

No

Yes

Missing

888
234
6

1025
92
11

1009
110
9

973
148
7

930
191
7

(79, 77-81)
(21, 19-23)

(92, 90-93)
(8, 7-10)

(90, 88-92)
(10, 8-12)

(87, 85-89)
(13, 11-15)

(83, 81-85)
(17, 15-19)

64
11
0

62
13
0

(74, 63-84)
(26, 16-37)

(89, 79-95)
(11, 5-21)

(88, 78-94)
(12, 6-22)

(85, 75-92)
(15, 8-25)

(83, 72-90)
(17, 10-28)

1.16

1.32

1.28

1.12

1
0.85

(0.62-2.14)

(0.58-2.99)

(0.61-2.68)

(0.56-2.25)

(0.43-1.71)

0.644

0.511

0.512

0.745

0.654

Abbreviations: n=number, Cl=confidence interval, STI=sexually transmitted infection; m=month
Notes: ®Women with an unassessable M.genitalium result (n=15) and/or C.trachomatis were excluded from the analysis (n=100; includes 8 women co-

infected with M.genitalium and C.trachomatis). PAll analyses were adjusted for number of male sexual partners, vulvovaginal candidiasis,
N.gonorrhoeae and concurrent bacterial vaginosis. °p-value calculated using logistic regression. YData missing for up to 3% of participants. ¢STI in the

past six months referred to bacterial ST1 only, however some women may have misinterpreted this question and answered with regards to warts or

other nonbacterial STI, and therefore this should be interpreted with caution. fAbnormal vaginal odour refers to any self-reported odour, not

specifically a fishy odour
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Table 21. Associations between Chlamydia trachomatis and demographics, past sexual practices and self-reported symptoms in the prior
week?

Chlamydia trachomatis Chlamydia trachomatis

negative N=1133 positive N=92 Adjusted Odds Ratio (95% lueS
median (range) or [median (range) or ClyP p-value
n (%, 95% CI) n (%, 95% CI)]
Median age 26 (23-29) 24 (22-29) 0.97 (0.92-1.01) 0.123
Median number of male
partners in past 12m 4 (2-6) 4 (3-6) 1.02 (0.98-1.06) 0.341
Condom use in past 12m¢
Always 82 (7,6-9) 3 (3,19 1
Not Always 1032 (93, 91-94) 88 (97, 91-99) 2.90 (0.69-12.09) 0.144
STI in the past 6m®
No 966 (87, 85-89) 77 (87, 78-93) 1
Yes 146 (13, 11-15) 12 (13, 7-22) 0.65 (0.29-1.45) 0.295
Self-reported symptoms (in the week prior to recruitment)
Abdominal Pain
No 967 (86, 84-88) 79 (86, 77-92) 1
Yes 161 (14, 12-16) 13 (14, 8-23) 0.86 (0.44-1.66) 0.647
Missing 5 0
Dyspareunia
Women with vulvovaginal candidiasis
No 256 (93, 89-96) 8 (73, 39-94) 1
Yes 20 (7,4-11) 3 (27, 6-61) 8.66 (1.90-39.54) 0.005
Women without vulvovaginal candidiasis
No 741 (90, 87-91) 71 (93, 85-98) 1
Yes 87 (10, 9-13) 5 (7,2-15) 0.48 (0.17-1.35) 0.164
Vaginal discharge
No 755 (67, 64-70) 48 (53, 43-64) 1
Yes 369 (33, 30-36) 42 (47, 36-57) 2.12 (1.32-3.42) 0.002
Missing 9 2

Abnormal vaginal odour?
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No

Yes

Missing
Vaginal itch

No

Yes

Missing
Post-coital bleeding

No

Yes

Missing
Intermenstrual bleeding

No

Yes

Missing
Dysuria

No

Yes

Missing
Urinary frequency

No

Yes

Missing

859
264
10

886
241

1033
89
11

1013
111
9

978
148
7

935
191
7

(76, 74-79)
(24, 21-26)

(79, 76-81)
(21, 19-24)

(92, 90-94)
(8, 6-10)

(90, 88-92)
(10, 8-12)

(87, 85-89)
(13, 11-15)

(83, 81-85)
(17, 15-19)

71
19
2

(71, 61-80)
(29, 20-39)

(85, 76-91)
(15, 9-24)

(89, 81-95)
(11, 5-19)

(92, 84-97)
(8, 3-16)

(92, 85-97)
(8, 3-15)

(79, 69-87)
(21, 13-31)

1.36

0.74

1.22

0.78

0.55

1
1.22

(0.80-2.32)

(0.37-1.48)

(0.56-2.62)

(0.35-1.77)

(0.23-1.30)

(0.68-2.18)

0.257

0.399

0.620

0.557

0.173

0.508

Abbreviations: n=number, Cl=confidence interval, STI=sexually transmitted infection; m=month

Notes: ®Women with an unassessable C.trachomatis result (n=10) or with M.genitalium (n= 83; includes 8 women co-infected with M.genitalium and
C.trachomatis) were excluded from the analysis. PAll analyses were adjusted for number of male partners, vulvovaginal candidiasis, N. gonorrhoea and
concurrent bacterial vaginosis. °p-value calculated using logistic regression and bold indicates significant findings p<0.05. “Data missing for up to 3%
of participants. ®STI in the past six months referred to bacterial STI only, however some women may have misinterpreted this question and answered

with regards to warts or other nonbacterial STI, and therefore this should be interpreted with caution. ¢ We tested for interaction terms between

C.trachomatis and genital co-infections and the only significant interaction was between C.trachomatis and vulvovaginal candidiasis for dyspareunia

(p=0.016). Therefore, the association between dyspareunia and C.trachomatis could not be adjusted for vulvovaginal candidiasis. To account for
potential confounding by vulvovaginal candidiasis on the relationship between C.trachomatis and dyspareunia, data were then stratified by

vulvovaginal candidiasis status, and the association between C.trachomatis and dyspareunia was investigated within each stratum. YAbnormal vaginal
odour refers to any self-reported odour, not specifically a fishy odour
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Table 22. Self-reported symptoms and clinical signs identified in women with Mycoplasma genitalium compared to women with
Chlamydia trachomatis®

Self-reported symptoms

Mycoplasma genitalium positive, Chlamydia trachomatis positive,
n=75 n=92 p-value®
(%, 95% CI) (%, 95% CI)
Cohort
Asymptomatic 8 (11, 5-20) 13 (14, 8-23)
Symptomatic 67 (89, 80-95) 79 (86, 77-92) 0.502
Abdominal Pain
No 64 (86, 77-93) 79 (86, 77-92)
Yes 10 (14, 7-23) 13 (14, 8-23) 0.909
Missing 1 0
Dyspareunia
No 66 (90, 81-96) 81 (90, 82-95)
Yes 7 (10, 4-19) 9 (10, 5-18) 0.930
Missing 2 2
Vaginal discharge
No 48 (65, 53-76) 48 (53, 43-64)
Yes 26 (35, 24-47) 42 (47, 36-57) 0.136
Missing 1 2
Abnormal odour®
No 60 (81, 70-89) 65 (71, 61-80)
Yes 14 (19, 11-30) 26 (29, 20-39) 0.150
Missing 1 1
Vaginal itch
No 55 (74, 63-84) 77 (85, 76-91)
Yes 19 (26, 16-37) 14 (15, 9-24) 0.100
Missing 1 1

Post-coital bleeding

154



No 64 (89, 79-95) 81 (89, 81-95)
Yes 8 (11, 5-21) 10 (11, 5-19) 0.980
Missing 3 1
Intermenstrual bleeding
No 65 (88, 78-94) 82 (92, 84-97)
Yes 9 (12, 6-22) 7 (8, 3-15) 0.359
Missing 1 3
Dysuria
No 64 (85, 75-92) 83 (92, 85-97)
Yes 11 (15, 8-25) 7 (8, 3-15) 0.158
Missing 0 1
Urinary frequency
No 62 (83, 72-90) 71 (79, 69-88)
Yes 13 (17, 10-28) 19 (21, 13-31) 0.541
Missing 0 2
Fever
No 71 (96, 89-99) 87 (97, 91-99)
Yes 3 (4, 1-11) 3 (3, 1-9) 0.807
Missing 1 2
Clinical signs on examination®
Mycoplasma genitalium positive, Chlamydia trachomatis positive,
n=67 n=79 p-value®
(%, 95% CI) (%, 95% CI)
Vaginal discharge
No 15 (25, 14-37) 17 (32, 18-48)
Yes 46 (75, 63-86) 57 (68, 52-82) 0.826
Not assessed/missing 6 5
Abnormal odor®
No 44 (72, 59-83) 50 (68, 56-78)
Yes 17 (28, 14-41) 24 (32, 22-44) 0.566
Not assessed/missing 6 5
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Vulval redness

No 46 (75, 63-86) 61 (82, 72-90)
Yes 15 (25, 14-37) 13 (18, 10-28) 0.317
Not assessed/missing 6 5
Mucopurulent cervicitis
No 37 (82, 68-92) 46 (73, 60-83)
Yes 8 (18, 8-32) 17 (27, 17-40) 0.263
Not assessed/missing 22 16
Cervical or adnexal motion tenderness
No 31 (86, 71-95) 37 (76, 61-87)
Yes 5 (14, 5-29) 12 (24, 13-39) 0.227
Not assessed/missing 31 30
Cervical contact bleeding
No 36 (84, 69-93) 44 (75, 62-85)
Yes 7 (16, 7-31) 15 (25, 15-38) 0.267
Not assessed/missing 24 20
Vaginal pH
<4.5 37 (56, 43-68) 38 (51, 39-63)
>4.5 29 (44, 32-57) 36 (49, 37-61) 0.577

Not assessed/missing
High vaginal polymorph count

<5 35 (54, 41-66) 31 (41, 30-53)
>5 30 (46, 34-59) 45 (59, 47-70) 0.121
Not assessed/missing 2 3

Abbreviations: n=number, Cl=confidence interval

Notes: ? Analysis only includes women with C.trachomatis or M.genitalium infection. Women co-infected with C.trachomatis and M.genitalium have
been excluded. PAsymptomatic women were not clinically assessed and have been excluded from the analysis. Clinical signs were elicited only in
women with clinical indications for examination and in particular, cervical assessment and bimanual examination was undertaken in women with
specific indications for a speculum and bimanual exam. °p-value calculated using Chi-square test. “Abnormal odour refers to any odour, not
specifically a fishy odour.
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Table 23. Associations between Mycoplasma genitalium and clinical signs among symptomatic women?®

Mycoplasma genitalium  Mycoplasma genitalium

V\-/I;)?;[laeln negative positive Adjusted Odds Ratio p-value®
1=1023 n=956 n=67 (95% CI)°
(%, 95% CI) (%, 95% CI)
Vaginal discharge
No 322 307 (35, 32-38) 15 (25, 14-37) 1
Yes 611 565 (65, 62-68) 46 (75, 63-86) 1.56 (0.84-2.87) 0.158
Not assessed/missing 90 84 6
Abnormal odour®
No 707 663 (76, 73-79) 44 (72,59-83) 1
Yes 228 211 (24, 21-27) 17 (28, 17-41) 1.22 (0.67-2.22) 0.517
Not assessed/missing 88 82 6
Vulval redness
No 679 633 (73, 70-76) 46 (75, 63-86) 1
Yes 248 233 (27, 24-30) 15 (25, 14-37) 0.83 (0.41-1.66) 0.591
Not assessed/missing 96 90 6
Mucopurulent cervicitis’
Women with bacterial vaginosis
No 208 188 (86, 81-90) 20 (95, 76-100) 1
Yes 32 31 (14, 10-19) 1 (5,0-24) 0.36 (0.05-2.85) 0.336
Women without bacterial vaginosis
No 405 389 (91, 88-93) 16 (70, 47-87) 1
Yes 46 39 (9,7-12) 7 (30, 13-53) 4.38 (1.69-11.33) 0.002
Cervical or adnexal motion tenderness
No 476 445 (78, 75-82) 31 (86, 71-95) 1
Yes 127 122 (22, 18-25) 5 (14, 5-29) 0.46 (0.16-1.34) 0.155
Not assessed/missing 420 389 31
Cervical contact bleeding
No 591 555 (86, 83-88) 36 (84, 69-93) 1
Yes 101 94 (14, 12-17) 7 (16, 7-31) 1.29 (0.55-3.02) 0.563
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Not assessed/missing 331 307 24
Vaginal pH
<4.5 594 557 (61, 58-64) 37 (56, 43-68) 1
>4.5 381 352 (39, 36-42) 29 (44, 32-57) 1.29 (0.77-2.17) 0.334
Not assessed/missing 48 47 1
High vaginal polymorph count
<5 589 554 (60, 57-63) 35 (54, 41-66) 1
>5 400 370 (40, 37-43) 30 (46, 34-59) 1.33 (0.77-2.29) 0.307
Not assessed/missing 34 34 2

Abbreviations: n=number, Cl=confidence interval

Notes: *Women with an unassessable M.genitalium result (n=15), or C.trachomatis were excluded from the analysis (n=100; includes 8 co-infected
women). In addition, asymptomatic women were not clinically assessed and have been excluded from the analysis (n=180). ° Clinical signs were
elicited only in women with clinical indications for examination and in particular, cervical assessment and bimanual examination was undertaken in
women with specific indications for a speculum and bimanual exam. “All analyses were adjusted for number of male partners, vulvovaginal
candidiasis, N.gonorrhoeae and concurrent bacterial vaginosis, with the exception that we did not adjust for bacterial vaginosis in models examining
associations with individual Amsel criteria (i.e. vaginal discharge, abnormal vaginal odour and vaginal pH). ¢p-value calculated using logistic
regression and bold indicates significant findings p<0.05. ¢ Abnormal vaginal odour refers to any odour, not specifically a fishy odour. T We tested for

interaction terms between M.genitalium and genital co-infections and the only significant interaction was between M.genitalium and bacterial vaginosis

for cervicitis (p=0.020). Therefore, the association between cervicitis and M.genitalium could not be adjusted for bacterial vaginosis. To account for
potential confounding by bacterial vaginosis on the relationship between M.genitalium and cervicitis, data were then stratified by bacterial vaginosis
status, and the association between M.genitalium and cervicitis was investigated within each stratum.
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Table 24. Associations between Chlamydia trachomatis and clinical signs among symptomatic women?®

Chlamydia trachomatis  Chlamydia trachomatis

:2§%|3\’7V0men negative n=958 positive n=79 Adjusted ogoll)scratlo (95% p-valued
(%, 95% CI) (%, 95% CI)
Vaginal discharge
No 325 308 (35, 32-39) 17 (23, 14-34) 1
Yes 623 566 (65, 61-68) 57 (77, 66-86) 2.13 (1.19-3.82) 0.011
Not assessed/missing 89 84 5
Abnormal odour®
No 717 667 (76, 73-79) 50 (68, 56-78) 1
Yes 233 209 (24, 21-27) 24 (32, 22-44) 1.42 (0.84-2.41) 0.193
Not assessed/missing 87 82 5
Vulval redness
No 690 629 (72, 69-75) 61 (82, 72-90) 1
Yes 252 239 (28, 25-31) 13 (18, 10-28) 0.82 (0.40-1.67) 0.589
Not assessed/missing 95 90 5
Mucopurulent cervicitis
No 657 611 (89, 86-91) 46 (73, 60-83) 1
Yes 93 76 (11, 9-14) 17 (27, 17-40) 2.85 (1.49-5.44) 0.002
Not assessed/missing 287 271 16
Cervical or adnexal motion tenderness
No 482 445 (78, 75-82) 37 (76, 61-87) 1
Yes 135 123 (22, 18-25) 12 (24, 13-39) 0.99 (0.48-2.07) 0.986
Not assessed/missing 420 390 30
Cervical contact bleeding
No 600 556 (86, 83-88) 44 (75, 62-85) 1
Yes 107 92 (14, 12-17) 15 (25, 15-38) 1.93 (0.98-3.78) 0.056
Not assessed/missing 330 310 20
Vaginal pH
<4.5 602 564 (62, 59-65) 38 (51, 39-63) 1
>4.5 384 348 (38, 25-41) 36 (49, 37-61) 1.42 (0.87-2.33) 0.161

Not assessed/missing
High vaginal polymorph count
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<5 587 556 (60, 57-63) 31 (41, 30-53) 1

>5 414 369 (40, 37-43) 45 (59, 47-70) 2.50 (1.49-4.20) 0.001

Not assessed/missing 36 33 3
Abbreviations: n=number, Cl=confidence interval
Notes: *Women with an unassessable C.trachomatis result (n=10) or with M.genitalium (n= 83; including 8 women coinfected with C.trachomatis and
M.genitalium) were excluded from the analysis. In addition, asymptomatic women (n=188) were not clinically assessed and have been excluded from
the analysis.
b Clinical signs were elicited only in women with clinical indications for examination and in particular, cervical assessment and bimanual examination
was undertaken in women with specific indications for a speculum and bimanual exam. ¢ All analyses were adjusted number of male sexual partners,
vulvovaginal candidiasis, N. gonorrhoea and concurrent bacterial vaginosis, with the exception that we did not adjust for bacterial vaginosis in models
examining associations with individual Amsel criteria (i.e. vaginal discharge, abnormal vaginal odour and vaginal pH). %p-value calculated using

logistic regression and bold indicates significant findings p<0.05. *Abnormal vaginal odor refers to any clinician-recorded odour, not specifically a
fishy odour.
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5.6 Discussion

M.genitalium was detected in 6% of women attending a large public sexual health center in
Melbourne, Australia. M.genitalium was not associated with common genital symptoms, but was
significantly associated with cervicitis (BASHH 2018; ASHA 2018). Specific symptoms were not
helpful in informing additional indications for M.genitalium testing at our service. Importantly, 1 in
2 M.genitalium infections in women were macrolide-resistant, highlighting the value of resistance-

testing and individualising therapy where possible.

M.genitalium was common in women attending our ST1 service (6%; 95%CI1:5-8) compared to a
previous study of 1116 women attending Australian primary health care services (2%; 95%CI 1-3)
(Walker et al. 2011), which aligns with a recent meta-analysis reporting M.genitalium prevalence in
the general population to be 1.3% (95%CIl: 1.0-1.8) in developed nations (Baumann et al. 2018). In
our study, C.trachomatis was detected in 8% (95%CI:6-9) of women, compared to 5% (95%CI 3-
7%) in women attending primary care facilities in the previous Australian study (Walker et al.
2011). The high prevalence of M.genitalium and C.trachomatis in our study compared to the
general population highlights the high-risk nature of our clinic population (Yeung et al. 2014).

Our study aligns with that of Bjartling et al. in that women with M.genitalium had a 4-fold
increased odds of cervicitis after adjusting for genital coinfections (Bjartling et al. 2012). Both
estimates are higher, but in the range of two prior meta-analyses, which found that women with
M.genitalium had a 2-fold increased odds of cervicitis [OR=1.7;95%CI:1.35-2.04 (Lis et al. 2015)
and OR=2.2;95% CI:1.6-2.9 (Taylor-Robinson et al. 2011)]. This association was only found in
women without bacterial vaginosis, potentially because the pathogenesis of cervicitis in women co-
infected with bacterial vaginosis and M.genitalium may be influenced/confounded by the presence
of bacterial vaginosis-associated organisms; an association that has previously been observed
(Marrazzo et al. 2006). However, lack of consistency in the criteria used for the diagnosis of
cervicitis internationally is likely to have impacted on the comparability of estimates between
countries (McGowin et al. 2011; Falk 2010). The CDC uses two major diagnostic signs to diagnose
cervicitis: 1) mucopurulent endocervical exudate on examination, and/or 2) inducible endocervical
bleeding when swabbing the cervical os (CDC 2015). While studies of asymptomatic cervicitis
often rely on the presence of high vaginal or cervical PMNLSs only, yet the criteria of increased
PMNLs has not been standardised and is known to be less reliable (CDC 2015; Falk 2010). Our
study did not find M.genitalium to be associated with elevated vaginal PMNL count, although all
women with M.genitalium-cervicitis had an elevated PMNL count in vaginal secretions. A review

of M.genitalium and cervicitis determined that a high vaginal PMNL count (>30 PMNL/hpf) was
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not a specific sign of M.genitalium-cervicitis and may fail to detect less severe inflammation
(McGowin et al. 2011).

Our study did not find M.genitalium to be positively associated with any symptoms in women
which was similar to Bjartling et al. who only found M.genitalium to be associated with post-coital
bleeding (Bjartling et al. 2012). In both studies, chlamydia was commonly associated with genital
symptoms and signs in women including vaginal discharge, mucopurulent cervicitis, and elevated
vaginal PMNL count, in line with other research (Latimer et al. 2019; Holmes et al. 2007; Bjartling
et al. 2012). Although associated with symptoms and signs in our study, like M.genitalium,
C.trachomatis was as common in women and without genital symptoms. C.trachomatis is known to
be predominately asymptomatic in women, despite its established association with a range of
symptoms and clinical syndromes (Holmes et al. 2007). We did not find significant differences in
symptoms or signs between women with M.genitalium or C.trachomatis, although this is likely to
have been due to limited numbers for comparison. Interestingly, Falk et al. also found no difference
in presentation between women with M.genitalium and C.trachomatis among 461 women attending
an STI clinic (Falk et al. 2005). In contrast Bjartling et al. reported that vaginal discharge,
abdominal pain, and dysuria were significantly more common amongst women with C.trachomatis
compared to M.genitalium (Bjartling et al. 2012). These differences may have been due to the fact
that our and Falk’s studies were in STI clinic attendees whereas Bjartling included women
presenting to an emergency service who are likely to have more acute symptoms. Overall these data
suggest that C.trachomatis seems to have capacity to cause more inflammation and symptoms of

greater severity than M.genitalium.

Although perhaps more indolent than C.trachomatis, M.genitalium is associated with the
considerable challenge of increasing antimicrobial resistance, and more complex and costly
treatment strategies. We found 1 in 2 M.genitalium infections in women were macrolide-resistant,
consistent with prior research at Melbourne Sexual Health Centre (Read et al. 2019a). Recent
Australian studies have reported that 50-60% of M.genitalium-infections in heterosexuals are
macrolide-resistant (Read et al. 2019a), with resistance exceeding 80% in MSM (Bissessor et al.
2015; Tagg et al. 2013; Couldwell et al. 2018). Our data highlight the value of resistance-testing
and individualising therapy where possible, as up to 50% of women in our service can currently
avoid quinolone use and achieve 95% first line cure using a doxycycline-2.5g azithromycin regimen
(Durukan et al. 2019).

This was a large cross-sectional study, which captured detailed information on sexual practices,

symptoms and signs in women tested for all common STls and vaginal infections. However, as
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recruitment occurred at a single sexual health clinic and non-English speaking women were
excluded, prevalence estimates are not generalisable to the community. We were unable to
approach all women attending the clinic as only select doctors recruited symptomatic women, and
women with marked PID were not recruited in order to expedite clinical care. This study therefore
did not assess the association between M.genitalium and PID, and is likely to have biased
recruitment towards women with milder symptoms. Examination was performed in keeping with
clinical indications and practice at our service, resulting in one third of the women having no
information on cervicitis, which may have impacted on our findings. Doctors at our service
systematically take patients in the order that they arrive to the walk in service and therefore there
was no other bias related to medical staff. Vaginal symptoms (e.g. discharge and odour) were the
most common symptoms reported in this study as they are the most likely reason for presentation to
STI services. However, these symptoms are less likely to be associated with cervical STIs, which
may have impacted on our ability to assess associations between other relevant symptoms and
signs. As a consequence, our findings are most relevant to women with mild to moderate
genitourinary symptoms attending outpatient STI services and general practices. Asymptomatic
women were tested for C.trachomatis and N.gonorrhoeae using first pass urine, compared to
symptomatic women who received an endocervical swab, in accordance with standard clinical care
at Melbourne Sexual Health Centre. While vaginal samples have generally been considered to be
the optimal specimen for C.trachomatis and N.gonorrhoeae, the Aptima Combo 2 assay used in our
study is highly sensitive at detecting very low copies numbers of each organism. The Aptima
Combo 2 assay has been shown to have near identical performance in urine compared to vaginal
samples (Gaydos et al. 2003; Taylor et al. 2011). Lastly, the relatively small numbers of women
with M.genitalium and C.trachomatis meant we were underpowered to detect statistical differences

between the two STIs on direct comparison.

Overall, M.genitalium was common in women attending a high output urban STI service, and half
of M.genitalium infections were macrolide-resistant. M.genitalium was not associated with specific
genital symptoms, but was strongly associated with clinical signs of cervicitis. These data support
an association between M.genitalium and cervicitis in women, particularly in the absence of other
genital infections, and do not support routine testing for M.genitalium in women with common
genital symptoms. These data are useful for clinicians in making decisions about indications for
M.genitalium testing for women attending their services and help inform clinical practice and

guidelines.
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6. The Clinical Features and Response to Moxifloxacin of Mycoplasma
genitalium-associated Pelvic Inflammatory Disease.

6.1 Background

M.genitalium is an established cause of PID (Lis et al. 2015). As M.genitalium testing is not routine
in many clinical settings there are limited published data regarding the clinical characteristics of

M.genitalium-PID.

Inadequately treated PID can result in chronic pelvic pain, ectopic pregnancy and infertility (Ness et
al. 2002). Current international guidelines for the treatment of PID predominantly recommend
antimicrobials such as tetracyclines, beta-lactams and nitro-imidazoles, and do not contain
antimicrobials that are highly effective for treating M.genitalium (CDC 2015; Ross et al. 2011).
When treated in accordance with CDC PID treatment guidelines with cefoxitin and doxycycline, as
many as 41% of women tested positive for M.genitalium 30 days after treatment (Haggerty et al.
2008).

Moxifloxacin has been highly effective in the treatment of macrolide-resistant M.genitalium
(Bradshaw et al. 2006a), is active against C.trachomatis and N.gonorrhoeae (Boothby et al. 2010;
Ross et al. 2006). Moxifloxacin was reported to be as effective as ofloxacin and metronidazole for
the treatment of PID in a RCT (Ross et al. 2006). While only three patients in this trial had

M.genitalium-PID, all were microbiologically cured (Ross et al. 2006).

Further evidence is required as to the efficacy of moxifloxacin in the treatment of M.genitalium-
PID. An effective agent is required for the treatment of M.genitalium-PID, as early effective
treatment can avoid the serious long term sequalae associated with PID. Further data are also
needed on the specific clinical characteristics of M.genitalium-PID, to aid prompt testing and

diagnosis.
The study included in this chapter had the following aims:

1) To describe the clinical characteristics of M.genitalium-PID and to determine how they
differ from those associated with C.trachomatis-PID.
2) To determine the proportion of women:
a. microbiologically cured of M.genitalium-PID following moxifloxacin (i.e.
M.genitalium not detected by NAAT at test of cure).
b. clinically cured of M.genitalium-PID following 14 days of moxifloxacin (i.e.

asymptomatic following treatment).
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6.2 Abstract
6.2.1 Background

There are limited published data describing clinical features and therapeutic response in women
meeting the criteria for presumptive treatment of PID associated with Mycoplasma genitalium.
M.genitalium-PID has been reported to respond poorly to standard PID treatment regimens and
while moxifloxacin is recommended in several treatment guidelines, published data to support its

use are scant.

6.2.2 Methods

We conducted a retrospective study of women at Melbourne Sexual Health Centre between 2006
and 2017, who met the CDC criteria for presumptive treatment of PID, and had M.genitalium
detected as the sole pathogen. Clinical and laboratory characteristics of M.genitalium-PID were
compared to cases of C.trachomatis-PID by multivariable analysis. Microbiological and clinical
cure following moxifloxacin and standard PID treatment were determined for women with

M.genitalium-PID who returned for test of cure between 14 and 120 days.

6.2.3 Results

Ninety-two patients with M.genitalium-PID were compared with 92 women with C.trachomatis-
PID. M.genitalium-PID was associated with increased lower abdominal tenderness [AOR=2.29
(95%Cl: 1.14-4.60)], but a lesser vaginal PMNL response compared to C.trachomatis-PID by
multivariable analysis. Of the 92 women with M.genitalium-PID, 54/92 (59%) received
moxifloxacin (10-14 days) and 37/54 had a test of cure between 14-120 days; 27/37 (73%) cases
had a median of 7 days of a standard regimen containing doxycycline and metronidazole +/-
azithromycin prior to moxifloxacin. Microbial cure following moxifloxacin was 95% (95%CI: 82-
99) and did not differ from standard therapy (p= 0.948), however clinical cure was significantly
higher following moxifloxacin [89% (95%Cl: 75-97, p=0.004)] although adverse effects were more

common.

6.2.4 Conclusions

Women meeting CDC criteria for presumptive treatment of M.genitalium-PI1D did not significantly
differ to those with C.trachomatis-PID. Moxifloxacin was associated with higher rates of symptom
resolution in women with PID, and although microbial cure was high, it did not differ between

regimens.
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6.3 Introduction

M.genitalium has been associated with cervicitis, PID, spontaneous abortion and pre-term delivery
in a recent meta-analysis (Lis et al. 2015; Wiesenfeld et al. 2017). However, there are limited
published data on the contribution of M.genitalium to PID. More data are needed to establish the
attributable risk of M.genitalium for female genital tract infections (Wiesenfeld et al. 2017).
International guidelines for treatment of PID vary, however predominantly recommend presumptive
use of antimicrobials such as tetracyclines, beta-lactams and nitro-imidazoles, prior to detection of
the causative organism. These regimens aim to treat C.trachomatis, N.gonorrhoeae and anaerobes,
and do not contain highly effective antimicrobials against M.genitalium (CDC 2015; Ross et al.
2011). When PID was treated in accordance with US CDC guidelines with cefoxitin and
doxycycline, 41% of women with PID remained M.genitalium positive after 30 days (Haggerty et
al. 2008). Inadequately treated PID increases the risk of chronic pelvic pain, ectopic pregnancy and
infertility (Ness et al. 2002).

M.genitalium has marked propensity to develop antimicrobial resistance, with macrolide resistance
seen in 40-60% of infections in many countries (Gesink et al. 2016; Dumke et al. 2016).
Moxifloxacin has been highly effective against macrolide-resistant M.genitalium (Bradshaw et al.
20064a), is active against C.trachomatis and N.gonorrhoeae (Boothby et al. 2010; Ross et al. 2006),
and was as effective as ofloxacin and metronidazole for all cause PID in a RCT (Ross et al. 2006).
Although only three patients in this trial had M.genitalium-PID, all were cured (Ross et al. 2006).
The US and UK guidelines now recommend 14 days of moxifloxacin for M.genitalium-PID (Ross
2017), although efficacy data are limited (Ross et al. 2006), and a recent meta-analysis has shown a
decline in cure to 89% (95%CI: 82-94%) since 2010 (Li et al. 2017).

With recent regulatory approval of M.genitalium assays in many countries, testing for M.genitalium
in presumptive PID may become increasingly common. However, little has been published on
clinical characteristics of M.genitalium-PID and whether they differ from those associated with
C.trachomatis-PID. In our study, we compared women who met CDC criteria for presumptive
treatment of PID with M.genitalium to women with C.trachomatis-PID to investigate whether
M.genitalium-PID is associated with distinct clinical and laboratory characteristics. In addition, we
report the clinical and microbiological outcomes following moxifloxacin and standard antimicrobial

therapy.
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Figure 20. Selection of patients for analysis of effectiveness of moxifloxacin and standard treatment of Mycoplasma genitalium associated pelvic inflammatory
disease

Abbreviations: MSHC=Melbourne Sexual Health Centre; MG= Mycoplasma genitalium; PID= pelvic inflammatory disease; n=number; STI=sexually transmitted
infection; CDC=Centers for Disease Control and Prevention; tx= treatment; TOC= test of cure. ?Patients were not randomised, selection of moxifloxacin versus
standard therapy was at clinician discretion; ®Standard therapy includes varied combinations of azithromycin 1g single dose, doxycycline 100 mg twice daily and
metronidazole 400 mg twice daily for 14 days; 20 patients analysed for effectiveness of standard treatment; %27 patients who received standard therapy and
moxifloxacin and 10 patients who received moxifloxacin only combined for analyses of effectiveness of moxifloxacin; °Cure refers to a negative test of cure, fail refers

to a positive test of cure.
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6.4 Materials and Methods

6.4.1 Study design and participants

We undertook a retrospective study of women with M.genitalium and presumptive PID between
February 2006 and March 2017, at Melbourne Sexual Health Centre, Victoria, Australia. Women
were included if they were >18 years, PID presumptively diagnosed using CDC criteria, and
M.genitalium was the sole pathogen (i.e. negative for C.trachomatis and N.gonorrhoeae). Testing
for M.genitalium in women with presumptive PID was at clinician discretion from 2006 to 2010,
and from 2011 recommended in Melbourne Sexual Health Centre protocols. M.genitalium-PID
cases were women with presumptive PID at presentation (87%), who underwent STI testing and
were commenced on recommended therapy for PID (henceforth standard treatment). In a minority
of cases (13%), women developed symptoms and signs following testing, and were diagnosed with
presumptive PID at follow up.

We compared characteristics of M.genitalium-PID to those of C.trachomatis-PID (C.trachomatis
sole pathogen), and treatment outcomes (clinical and microbial cure) following standard PID
therapy and moxifloxacin. All cases diagnosed with M.genitalium-PID between February 2006-
March 2017 were extracted from the clinic database. Cases of C.trachomatis-PID were selected

over the same period from the clinic database.

6.4.2 Definitions and data collection

Presumptive PID was diagnosed using CDC criteria, which recommends treatment be initiated in
sexually-active women at risk of STIs who are experiencing pelvic or lower abdominal pain and
have one of the following: uterine, cervical motion or adnexal tenderness (CDC 2015). These
criteria are designed to maximise sensitivity for PID diagnosis and err on the side of over rather
than under-treatment of PID. Only approximately half of women meeting these criteria have been
shown to have laparoscopic evidence of salpingitis or plasma cell endometritis (Jacobson et al.
1969; Sellors et al. 1991), although the positive predictive value for these criteria are higher in a
STI clinic compared to a community setting (CDC 2015). All women included in the analysis were
sexually-active and presented with abdominal pain or pelvic pain, and had either lower
abdominal/pelvic tenderness or cervical/adnexal motion tenderness on examination. All reference to
M.genitalium-PID and C.trachomatis-PID refers to presumptive PID diagnosis using CDC criteria.
M.genitalium was detected on vaginal or cervical swab, or first pass urine, using an in-house PCR
assay targeting the 16S rRNA gene of M.genitalium (Yoshida et al. 2002). C.trachomatis was
detected using strand displacement amplification (Becton Dickinson, USA) before 2015, and

Aptima transcription-mediated amplification assay from 2015 (Hologic, Marlborough, USA).
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Bacterial vaginosis was diagnosed using Amsel’s criteria (Money 2005). Trichomoniasis was
diagnosed by wet preparation and culture. Vaginal and cervical PMNL counts on Gram stain were
grouped in the following categories: vaginal PMNL/hpf: <1, 1-4 and >5 and cervical PMNL/hpf:
<5, 5-8, >8).

6.4.3 Clinical characteristics

Epidemiological, clinical and laboratory data were extracted from paper-based and electronic
records for women with M.genitalium-PID and C.trachomatis-PID. Clinical information recorded
included: 1) symptoms: lower abdominal pain, dyspareunia, vaginal discharge, fever, intermenstrual
or post-coital bleeding; ii) signs: lower abdominal tenderness, cervical motion or adnexal
tenderness, mucopurulent cervicitis, cervical-contact bleeding, abnormal vaginal discharge; iii)
laboratory and microbiological results: vaginal and cervical PMNL count, detection of
C.trachomatis, N.gonorrhoeae, T.vaginalis, and bacterial vaginosis; and iv) antimicrobial regimens

prescribed including duration, adherence and adverse effects.

Patients were excluded if they did not fulfil presumptive PID criteria, were co-infected with another

STI, or if symptoms were subsequently attributed to another condition.

6.4.4 Treatment outcomes

Women with presumptive PID were tested and treated with a standard regimen containing
metronidazole 400 mg twice daily and doxycycline 100 mg twice daily for 14 days +/- azithromycin
19 (ASHA 2016). The M.genitalium test results were available 48 hours after testing. Beginning in
2011 all M.genitalium positive women were recalled and the standard regimen replaced with
moxifloxacin 400mg once daily for 14 days, in accordance with Melbourne Sexual Health Centre
guidelines. Before 2011, patients often received standard PID regimens only. Treatment outcomes

in all women receiving moxifloxacin and standard regimens were analysed.

Microbiological cure was defined as a negative test of cure (TOC) between 14-120 days. Patients
were excluded if: i) TOC was not performed or outside 14-120 days after treatment, ii) they
received less than 7 days of moxifloxacin, iii) TOC was performed after more than 2 courses of

antibiotics.

Clinical cure was defined as resolution of all PID related symptoms. Antibiotic adherence, partner
treatment, re-infection risk, and microbiological and clinical outcomes were recorded, where
available. Reinfection risk was defined as none (no sex), possible (sex with a new or treated

partner), or probable (sex with a regular partner who had not been tested and/or treated).
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The Alfred Hospital Research Ethics Committee approved this study (project number 304/15).

6.4.5 Statistical Analysis

Data were analysed using STATA (v14). Univariate and multivariable logistic regression analysis
were performed to determine factors associated with M.genitalium-PID compared to C.trachomatis-
PID. Variables were included in multivariable models if the P-value was 0.05 or less; if correlated,
the variable most strongly associated with the outcome was used. Models were built in a forward-
stepwise fashion, using the likelihood ratio test to determine the significance of the contribution of
each variable to avoid over-fitting the model. Ninety-five percent Cls were calculated for
proportions. As vaginal and cervical PMNL counts were correlated and vaginal PMNL count is a
minor CDC criterion, only vaginal PMNL was included. Logistic regression was used to assess

differences in outcomes by treatment group for those with M.genitalium-PID.
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6.5 Results

During the study period (2006-2017), 149 records of women with M.genitalium-PID were
identified, and M.genitalium accounted for 5.5% of PID cases at Melbourne Sexual Health Centre
during this timeframe. Ninety-two women fulfilled the criteria for presumptive PID and had
M.genitalium with no other pathogen detected; 57 women were excluded for reasons listed in
Figure 20. Ninety-two C.trachomatis-PID cases were randomly selected, as described in materials
and methods. Eight-seven percent of patients had PID diagnosed at their initial consultation, and

13% on return to clinic.

6.5.1 Demographic and Behavioural Characteristics

There was no significant difference between median ages of women with M.genitalium-PID and
C.trachomatis-PID (25 years, IQR: 21-29, and 24 years, IQR: 21-28), respectively), Table25. In
unadjusted analyses, compared to C.trachomatis-PID, women with M.genitalium-PID were more
likely to be sex workers [OR=3.07 (95%CI: 1.33-7.08)], and to have fewer recent male partners
(excludes sex work clients) [MSP>1 OR=0.54 (95%CI: 0.30-0.97)].

6.5.2 Clinical Characteristics

Univariate analyses showed women with M.genitalium-PID had similar clinical characteristics to
women with C.trachomatis-PID, although were less likely to report post-coital bleeding [OR=0.42
(95%CI: 0.18-0.98)], Table25. On clinical examination, M.genitalium-PID was more likely to be
associated with lower abdominal tenderness [OR=2.36 (95%CI: 1.29-4.28)].

6.5.3 Laboratory Characteristics

Women were tested for M.genitalium by cervical swab (64%), vaginal swab (20%) and first pass
urine (16%). On unadjusted analyses women with M.genitalium-PID were less likely than women

with C.trachomatis-PID to have elevated vaginal or cervical PMNL counts, Table25.

6.5.4 Associations with Mycoplasma genitalium-associated pelvic inflammatory disease
compared to Chlamydia trachomatis- associated pelvic inflammatory disease by
multivariable analyses

Women with M.genitalium-PID were more likely to have lower abdominal tenderness [AOR=2.29
(95%CI: 1.14-4.60)], but less likely to have a modest elevation in vaginal PMNL counts, compared

to women with C.trachomatis-PID, Table26.
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Table 25. Mycoplasma genitalium presumptive pelvic inflammatory disease compared to Chlamydia Trachomatis presumptive pelvic
inflammatory disease : an analysis of demographics, behavioural and clinical characteristics (N=184)

Chlamydia trachomatis Mycoplasma genitalium Unadjusted Odds ~ P-value  Adjusted® Odds P-value
pelvic inflammatory pelvic inflammatory Ratios (95%Cl) Ratio (95%Cl)
disease cases disease cases n=92 (%,
n=92 (%, 95% CI) or 95% CI) or median (IQR
median (IQR) )

Age 24 (21-28) 25 (21-29)
Number of MSP last 3months®

<l 35 (38, 28-49) 49 (53, 43-64) 1.0 1.0

>1 57 (62,51-72) 43 (47, 36-57) 0.54 (0.30-0.97) 0.039 0.54 (0.27-1.06) 0.071
Consistency of condom usage”

Not always 79 (94, 87-98) 72 (85, 75-92) 1.0

Always 5 (6, 2-13) 13 (15, 8-25) 2.85 (0.97-8.40) 0.057
Current sex worker

No 83 (90, 82-95) 69 (75, 65-83) 1.0 1.0

Yes 9 (10 23 (25, 17-35) 3.07 (1.33-7.08) 0.008 1.92 (0.75-4.97) 0.176
Sex within Australia only®

No 36 (42, 32-54)) 23 (28, 19-39) 1.0

Yes 49 (58, 46-68) 59 (72,61-81) 1.88 (0.99-3.60) 0.054
Reported Symptoms
Abdominal pain®

No 23 (25, 17-35) 13 (14, 8-23) 1.0

Yes 69 (75, 65-83) 79 (86, 77-92) 2.03 (0.95-4.30) 0.066
Dyspareunia®

No 43 (47, 36-57) 45 (49, 38-60) 1.0

Yes 49 (53, 43-64) 47 (51, 40-62) 0.92 (0.51-1.63) 0.768
Post-coital bleeding

No 73 (79, 70-87) 83 (90, 82-95) 1.0 1.0

Yes 19 (21, 13-30) 9 (10, 5-18) 0.42 (0.18-0.98) 0.044 0.40 (0.15-1.12) 0.082
Intermenstrual bleeding

No 77 (84, 75-91) 71 (77,67-85) 1.0

Yes 15 (16, 9-25) 21 (23, 15-33) 152 (0.73-3.17) 0.267
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Dysuria

No 64 (70, 59-79) 72 (78, 68-86) 1.0
Yes 28 (30, 21-41) 20 (22,14-32) 0.63 90.33-1.23 0.181
Urinary frequency®
No 72 (78, 68-86) 82 (89, 81-95) 1.0 1.0
Yes 20 (22,14-32) 10 (11, 5-19) 0.44 (0.19-1.00) 0.050 0.56 (0.22-1.46) 0.234
Vaginal discharge (symptom)
No 36 (39, 29-50) 40 (43, 33-54) 1.0
Yes 56 (61, 50-71) 52 (57, 46-67) 0.84 (0.46-1.50) 0.549
Recorded Clinical Signs
Lower abdominal tenderness®
No 49 (53, 43-64) 30 (33, 23-43) 1.0 1.0
Yes 43 (47, 36-57) 62 (67,57-77) 2.36 (1.29-4.28) 0.005 2.29 (1.14-4.60) 0.020
Cervical or adnexal motion tenderness®
No 15 (16, 9-25) 13 (14, 8-23) 1.0
Yes 77 (84, 75-91) 79 (86, 77-92) 1.18 (0.53-2.65) 0.682
Mucopurulent cervicitis
No 57 (62,51-72) 62 (67,57-77) 1.0
Yes 35 (38, 28-49) 30 (33, 23-43) 0.79 (0.43-1.44) 0.441
Cervical contact bleeding
No 78 (95, 76-91) 81 (88, 80-94) 1.0
Yes 14 (15, 9-24) 11 (12, 6-20) 0.76 (0.32-1.77) 0.520
Vaginal discharge (sign)
No 42 (46, 37-56) 43 (46, 37-56) 1.0
Yes 50 (54, 44-63) 49 (54, 44-63) 0.96 (0.54-1.71) 0.882
Bacterial VVaginosis®
Not detected 49 (53, 43-64) 51 (55, 45-66) 1.0
Detected 33 (36, 26-47) 32 (35, 25-45) 0.93 (0.50-1.74) 0.824
Vaginal PMNL count®™
<1 23 (28, 19-39) 38 (46, 35-58) 1.0
1-4 19 (23, 15-34) 12 (15, 8-24) 0.38 (0.16-0.93) 0.034 0.34 (0.13-0.89) 0.027
>5 40 (49, 38-60) 32 (39, 28-50) 0.48 (0.24-0.97) 0.041 0.72 (0.34-1.54) 0.400
Cervical PMNL count™
<5 5 (11, 4-25) 9 (24, 12-41) 1.0
5-8 6 (14, 5-27) 14 (38, 22-55) 1.29 (0.30-5.54) 0.726

174



>8 33 (75, 60-87) 14 (38, 22-55) 0.24 (0.24-0.15) 0.024

Abbreviations: n= number; PID = pelvic inflammatory disease; Cl= confidence interval; IQR=interquartile range; MSP= male sexual partners; PMNL=
polymorphonuclear lymphocyte

Notes: 2Adjusted model includes: number of male sexual partners, current sex worker, post-coital bleeding, urinary frequency, lower abdominal
tenderness, and vaginal PMNL count; "Denominator varied due to exclusion of patients with unrecorded data; “Male sexual partners does not include
commercial partner numbers; “All women included in the analysis had presumptive PID based on CDC criteria: were sexually active and presented
with pelvic pain, defined as either abdominal pain or deep dyspareunia (pelvic pain elicited during sexual intercourse) and had lower abdominal/pelvic
tenderness or cervical motion/adnexal tenderness on examination; °Urinary frequency was also included in the multivariate analysis based on its
contribution to the model using the likelihood ratio statistic; "Vaginal PMNL from high vaginal swab; ¢ Vaginal and cervical PMNL counts were
correlated and since vaginal PMNL count is a minor CDC criterion for PID, only vaginal PMNL were included in the multivariable model.
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6.5.5 Treatment outcomes in Mycoplasma genitalium associated pelvic inflammatory
disease

Of the 92 women with M.genitalium-PID, 54 (59%) received moxifloxacin and 38 (41%) a standard
regimen only (Figure 20). Thirty-seven of 54 women who received moxifloxacin returned for TOC
at 14 to 120 days (Figure 20). Of these women, 10 of 37 (27%) received moxifloxacin only and 27
of 37 (73%) started a standard regimen before being recalled for moxifloxacin. Pre-moxifloxacin,
standard therapy in 23 of 27 women (85%) was azithromycin followed by doxycycline and
metronidazole and in 4 of 27 women (15%) was doxycycline and metronidazole without
azithromycin. Ceftriaxone, which has no effect on M.genitalium, was only dispensed presumptively
for individuals considered at risk of N.gonorrhoeae. Median duration of standard therapy pre-
moxifloxacin was 7 days (range 2-14 days). Median time to TOC was 32 days (IQR 24-41 days). A
higher proportion of women receiving moxifloxacin returned for TOC at 14-120 days [37/54
(69%)] in contrast to standard treatment [20/38 (53%)] (Figure 20).

Of the 37 women with M.genitalium-PID who had moxifloxacin and a 14 to 120 day TOC, 35/37
[95% (95%CI: 82-99)] were microbiologically cured (Table26, Figure 20). There was no significant
difference in microbiological cure between the moxifloxacin group and the standard treatment
group (p=0.948). Of note, both of the moxifloxacin failures received standard PID treatment prior to
moxifloxacin. Clinical cure, defined as resolution of all pelvic symptoms, was significantly higher
in women treated with moxifloxacin [33/37, 89% (95%CI: 75-97)] compared to standard treatment
[10/19, 53% (95%CI: 29-76), p=0.004], (Table26). Of the four patients in the moxifloxacin group
with persistent symptoms, all had abdominal pain and two reported dyspareunia. Of the 9 patients in
the standard treatment group with ongoing symptoms, seven had persistent abdominal pain, and

three had persistent dyspareunia.

6.5.6 Adherence to antimicrobial therapy and re-infection risk

Adherence to therapy was documented in 32 of 37 (86%) patients who had moxifloxacin and
returned for a TOC visit, with 27 of 32 [84% (95% CI 67-95)] reporting 100% adherence and 5 of
32 reporting <100% adherence (all took >7 days) (Table26). Of the two microbiological failures
following moxifloxacin, one had sex with an untreated partner before TOC and was at high risk of
reinfection; the other did not have reinfection risk or adherence documented. Adherence to standard
treatment was documented in 16 of 20 patients returning for TOC with 12 of 16 [75% (95%CI 48-
93)] reporting 100% adherence. There was no difference in adherence between the two groups
(p=0.436).
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6.5.7 Adverse Effects

Adverse effects were significantly more common amongst those who took moxifloxacin (p=0.026),
with 15/37 (41%) women who received moxifloxacin reporting side effects (Table26). The most
common side effects were nausea (7 of 15), diarrhoea (3 of 15) and candidiasis (2 of 15); one
patient reported tendon pain. No serious adverse effects were reported but four of five patients who
ceased moxifloxacin early experienced side effects. Of the 20 women who received standard
treatment, only two (10%) reported any adverse effects, the nature of which was not recorded.

Table 26. Clinical and microbiological outcomes, adherence and adverse effects of
moxifloxacin compared to standard treatment for Mycoplasma genitalium associated
Pelvic Inflammatory Disease®® (N=57)

Standard treatment® Moxifloxacin®
n=20 (%, 95% CI) n=37 (%, 95% ClI) p-value

Adherence®

Incomplete 4 (25, 7-52) 5 (16, 5-33)

Complete 12 (75, 48-93) 27 (84, 67-95) 0.436
Reinfection risk®’

None 6 (55, 23-83) 12 (41, 24-61)

Possible 3 (27, 6-61) 7 (24, 10-44) 0.856

Probable 2 (18, 2-52) 10 (34, 18-54) 0.320
Reported side effects

No 18 (90, 68-99) 22 (59, 42-75)

Yes 2 (10, 1-32) 15 (41, 25-58) 0.026
Microbiological outcome

Fail 1 (5,1-25) 2 (5,1-18)

Cure 19 (95, 75-100) 35 (95, 82-99) 0.948
Resolution of symptoms®

No 9 (47,24-71) 4 (11, 3-25)

Yes 10 (53, 29-76) 33 (89, 75-97) 0.004

Abbreviations: PID = pelvic inflammatory disease; n= number; Cl= confidence interval; TOC=test
of cure

Notes: ?Patients were excluded if no TOC was performed (n=25), the TOC occurred <14 day or
>120 days after treatment (n=8), TOC occurred after an alternative, not standard regimen (n=1), or
the TOC was performed after multiple rounds of antibiotics (n=2); PPatients were not randomised,
selection of moxifloxacin versus standard therapy was at clinician discretion; 27 patients who had
standard therapy and moxifloxacin and TOC 14-120 days; 10 patients who had moxifloxacin only
and TOC 14-120 days; Standard treatment group includes 22 patients who had a TOC at 14-120
days and includes varied combinations of azithromycin 1g single dose, doxycycline 100 mg twice
daily and metronidazole 400 mg twice daily for 14 days; “Denominator varied due to exclusion of
patients with unrecorded data; 'Reinfection risk was defined as none (no sex), possible (sex with a
new or treated partner), or probable (sex with a regular partner who has not yet been tested and/or
treated).
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6.6 Discussion

This study of women meeting the criteria for presumptive treatment of PID associated with
M.genitalium, found a similar clinical presentation to that of C.trachomatis-PID. Among 37
evaluable women, moxifloxacin microbiologically cured 95% of M.genitalium infections but this
did not differ to standard treatment. It is interesting that moxifloxacin was associated with
significantly higher resolution of clinical symptoms (89%) compared to standard treatment (53%),

although side effects were common with moxifloxacin.

There are limited published data examining the association between M.genitalium and PID. While
cases included in this dataset fulfilled the CDC criteria for presumptive treatment for PID, past
studies found that up to half of all cases of presumptive PID did not have histological endometritis
or salpingitis (Jacobson et al. 1969). Mild abdominal pain has previously been reported in
M.genitalium-associated acute endometritis (Cohen et al. 2002). Investigators in one study found
N.gonorrhoeae-PID to be more severe than M.genitalium-PID, but found no difference in the
clinical presentation of C.trachomatis-PID and M.genitalium-PID (Short et al. 2009). Although we
found M.genitalium-PID was more likely to be associated with abdominal tenderness than
C.trachomatis-PID, the significance of this finding is unclear. Universal testing for M.genitalium in
PID at Melbourne Sexual Health Centre was not recommended until 2011, and although the case
definition of presumptive PID required the presence of abdominal or pelvic pain and lower
abdominal/pelvic tenderness or cervical/adnexal motion tenderness on examination, it is possible
that only more severe cases were tested for M.genitalium prior to 2011. In contrast to the clinical
findings, M.genitalium-PID was associated with modest reduction in cervico-vaginal PMNL
response compared to C.trachomatis-PID, supporting the role of C.trachomatis as an established
cause of PID and morbidity. An important limitation of this study is that outpatient sexual health
services are likely to see milder PID. Studies in hospitals attended by women with more severe PID
may have different findings. While records were reviewed by the same researcher to control for
differences in interpretation of records, missing data and clinician variability in documentation are
unavoidable limitations of a retrospective case review. Despite these limitations, this remains the

largest study to date of M.genitalium-PID examining clinical features.

In this study both regimens achieved high levels of microbial cure, although clinical cure was
significantly higher with moxifloxacin, and only 53% of women receiving standard regimens
experienced complete resolution of PID symptoms. This raises the possibility of persistent low load
infection, as this pattern occurs in M.genitalium-associated urethritis (Read et al. 2019b). However,

a direct comparison of treatment outcomes should be interpreted with care due to substantial
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differences between those who received standard treatment, and those given moxifloxacin. Firstly,
treatment regimens were not randomised and were at clinician discretion, with temporal differences
between the two treatment groups. Women receiving standard treatment only were predominantly
treated earlier in the study (60% treated before 2013), while the majority of those in the
moxifloxacin group were treated later in the study (85% after 2013). Melbourne Sexual Health
Centre has experienced an extraordinary rise in macrolide-resistant M.genitalium and azithromycin-
failure from <10% in 2006 to >40% in 2016 (Read et al. 2019b; Jensen et al. 2008; Bissessor et al.
2015). The group who received standard treatment only predominantly reflected the period when
macrolide resistance was uncommon and this regimen may be less effective as high levels of
macrolide resistance (>50%) are now seen in 2018 (Read et al. 2019b). These data suggest that
regimens containing azithromycin may be effective in regions with low levels of macrolide
resistance. It is possible that cure is also enhanced by the presence of doxycycline, which we have
recently shown has a substantial effect on M.genitalium load and selection of macrolide-resistance
(Read et al. 2019b). Neither treatement regimen contained ceftriaxone as this is the standard of care
at MSHC as N.gonorrhoeae is rare in Australia. A previous study found that adding ceftriaxone to a
doxycycline/metronidazole regimen overall improved outcomes (Piyadigamage et al. 2005). This
may have been because PID is usually a polymicrobial condition and ceftriaxone provides broad
spectrum cover (beyond just N.gonorrhoeae). It is possible its omission from the control group at
MSHC resulted in lower clinical cure. Published data suggests that it is the inclusion of
azithromycin rather than doxycycline or ceftriaxone that is likely to have affected cure, as when
M.genitalium-PID was treated with cefoxitin and doxycycline, the microbiological cure rate was
only 59% (Haggerty et al. 2008). Further data regarding the efficacy of doxycycline-azithromycin
inclusive regimens, particularly with respect to clinical cure, would be of value considering the cost

and lower tolerability of moxifloxacin.

Adverse effects were significantly more common in women treated with moxifloxacin than standard
therapy. Although this may be directly attributable to moxifloxacin, 73% of women receiving
moxifloxacin had also been exposed to a standard PID regimen. Gastrointestinal side effects are
common with quinolones, however, rare serious adverse effects including arrhythmias, neuropathy
and tendon rupture have also been reported. Risk of adverse effects needs to be balanced with risk
of serious sequelae from delaying antimicrobial therapy in PID (Ness et al. 2002; Ross 2014; Hillis
et al. 1993). This study was conducted at a time of rising macrolide resistance in Australia and
during the emergence of quinolone resistance in the region. A recent meta-analysis reported the
efficacy of moxifloxacin for M.genitalium to be declining, from 100% (95%CI: 99-100) in studies
prior to 2010, to 89% (95%CI: 82-94) since (Li et al. 2017). Due to the small numbers of treatment

179



failures in this study, temporal trends in efficacy could not be assessed. Of note, a significant
proportion of women treatment with moxifloxacin had exposure to standard PID regimens prior to
moxifloxacin, which may have improved moxifloxacin cure. Although this may have impacted on
the reported efficacy of moxifloxacin, this is also reflection of real world practice in the absence of
point of care tests. Moxifloxacin, although costly and associated with more adverse effects,
currently remains the only available therapeutic option in most clinical settings for patients with

macrolide-resistant M.genitalium.

This study reports a case series of women with presumptive PID and M.genitalium detected as the
sole pathogen. It did not find clinically meaningful differences between women with M.genitalium-
PID and C.trachomatis-PID and does not provide prospective data to inform clinicians of the
likelihood that M.genitalium will lead to PID. The CDC recommended standard PID regimen
includes doxycycline but not azithromycin, and has been shown to have low microbiological and
clinical cure for M.genitalium-PID (Haggerty et al. 2008). Macrolide resistance is becoming
increasingly common worldwide and in the majority of high-income countries exceeds 40%, so
azithromycin-based regimens can be expected to have declining efficacy. If M.genitalium is
identified in a woman presenting with the clinical features of PID and no other pathogen is detected,
then this study provides data showing moxifloxacin is highly effective in achieving microbiological
cure of M.genitalium, but that 2 in 5 women will experience predominately mild adverse effects.
The future will see point-of-care assays for M.genitalium that incorporate resistance markers, and
this will assist researchers in determining the efficacy of specific regimens for M.genitalium-
associated syndromes and clinicians in selecting appropriate antimicrobials to ensure high level

clinical and microbial cure.

180



SECTION B

‘STEALTHING’
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7. Introduction to ‘Stealthing’

‘Stealthing’ is a colloquial term for non-consensual condom removal, where consent for sexual
intercourse is given on the proviso of using condoms. As condoms are a primary preventative
barrier method for protection against STIs and pregnancy, ‘stealthing’” may lead to serious

consequences.

‘Stealthing’ became a widespread topic of discussion in the media, following a 2017 legal
publication by Alexandra Brodsky- ‘“Rape-Adjacent”: Imagining Legal Responses to
Nonconsensual Condom Removal’, which included interviews with victims’, and describes the
legal implications of ‘stealthing’ and legal avenues to address ‘stealthing’ as sexual assault
(Brodsky 2017). In Australia the legal repercussions vary state to state. Under Victorian law,
‘stealthing’ could come under the classification of sexual assault, but ‘stealthing’ is not explicitly
stated as a crime under common or statutory law. The first criminal charge in Australia for
‘stealthing’ as an act of sexual assualt was filed in Melboure, Victoria in 2018, and is awaiting trial
as of June 2021.

There are no other papers in any literature directly examining nonconsensual condom removal or
the rate at which it happens, although the National Sexual Assault Hotline in America does report
receiving calls related to this practice (Nedelman 2017). Clinicians at Melbourne Sexual Health
Centre have reported patients presenting for STI testing, following non-consensual condom removal

(personal communication with Prof. Catriona Bradshaw and Dr. Vincent Cornelisse).

In order to take create preventative measures to protect against ‘stealthing’, it is important to define
who it is happening to, and the situational factors around the event. This knowledge gap led me to
undertake a study to determine the percentage of patients who had experienced ‘stealthing’, and the

risk factors associated with it (Chapter 9).

The following literature review will discuss the use of condoms and reasons for non-use, consent,
and any existing literature which pertains to ‘stealthing’. ‘Stealthing’ is a novel area of sexual health

research with many gaps and as outlined above, this PhD will seek to address some of these.
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cheelky palm

Figure 21. Picture by artist Cheeky Palm, commissioned by YWCA Australia, based on the
study in Chapter 9

Artists permission given for picture inclusion in thesis.
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8. Literature Review B- ‘Stealthing’

8.1 The Male Condom

8.1.1 The purpose of condoms

Condoms are a form of barrier protection used during sexual intercourse to protect against STls and
pregnancy (Roper et al. 1993). It is well documented that condoms are highly effective, however
efficacy is dependent on correct use (Roper et al. 1993). According to the CDC condom use data,
between 2011-2015, 23.84% of women and 33.7% of men used a condom during their last sexual
intercourse in the past 12 months (Copen 2017), and four hundred and fifty million condoms are
sold every year in the US alone (Planned Parenthood 2020). Prevalence of condom use is influenced
by demographics such as age, ethnicity, education and relationship status (Copen 2017; Reece et al.
2010).

Condoms are a primary preventative method designed to protect against the spread of STls,
providing partial protection against all STIs (Holmes et al. 2004). The US CDC have reported that
in the US there are nearly 20 million cases of STIs yearly, half of which occur in patients below the
age of 25 (Owusu-Edusei et al. 2013). These infections pose a significant public health epidemic
and place a large burden on limited healthcare resources, with the estimated direct medical cost of
selected STls in the US in 2008 alone being approximately $15.6 billion (Owusu-Edusei et al.
2013). The risk of HIV transmission has been shown to be reduced by between 80% and 95% with
consistent condom use (Weller et al. 2002; Pinkerton et al. 1997). Exact rates of STI prevention are
difficult to ascertain due to methodological difficulties, but sufficient evidence exists to conclude
that condoms are partially efficacious in protecting against STIs other than HIV. A review by
leading STI researcher King Holmes in 2004, found that condoms significantly reduce acquisition
of syphilis, C.trachomatis, N.gonorrhoeae, HSV-2, and possibly trichomoniasis as well (Holmes et
al. 2004).

Condoms are also an effective form of birth control, and birth control is the primary purpose of use
for many users (Cassell et al. 2006). In a nationwide population study in the US among those using
condoms for contraceptive indications, 59.9% of women and 56.4% of men use only condoms;
25.0% of women and 33.2% of men use condoms and adjunctive hormonal contraception; and
15.1% of women and 10.5% of men used condoms and adjunctive non-hormonal contraceptive
methods (Copen 2017). When condoms are used for correctly, they are 98% effective as birth
control (Hatcher et al. 2007; Trussell 2011). However condoms are often used improperly, and with

typical use condoms are 82% effective in protecting against pregnancy (Trussell 2011).
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8.1.2 Demographics and situational factors associated with condom use

There have been two large population surveys conducted in the US and UK examining condom use,
which have found prevalence of condom use to be affected by demographics such as age, ethnicity,
education and relationship status (Copen 2017; Cassell et al. 2006). Condom use is also affected by
situational and physiological factors. Inconsistent condom use is associated with an increased odds

of imperfect condom use (Hatherall et al. 2007).

The United States 2011-2015 National Survey of Family Growth (NSFG), and the combined
1990+2000 British National Surveys of Sexual Attitudes and Lifestyles (Natsal), are large
nationwide population surveys of over 20,000 people, which contain questions around condom use
(Copen 2017; Cassell et al. 2006). These surveys found that younger men are more likely to use
condoms, with condom use decreasing with older age. Amongst 16-24-year old’s in the UK, 51.6%
used a condom at their last sexual intercourse, while in the US, 53.5% of 15-19-year-old men used
condoms every time they had had sexual intercourse in the past year. Older men used condoms
significantly less, with 18% of 35-44 year old’s in the UK using a condom at their last sexual
encounter, while in the US, 9.4% of men in this age group used a condom every time they had sex
in the past year (Copen 2017; Cassell et al. 2006). In the US 70.0% of men over the age of 35 had
not used a condom in the last 12 months, compared to 6.9% of those under the age of 20 (Copen
2017). Although older men use condoms infrequently, studies have shown that they are more likely

to use them correctly (Warner et al. 2008; Hernandez-Romieu et al. 2014; Shlay et al. 2004).

Education status impacted on condom use in the US, but was not examined in the British surveys.
Men with higher levels of educational attainment were more likely to use condoms every time,
compared to those who had a lower level of education attainment (Copen 2017). Interestingly level

of education did not impact on women’s use of condoms in this study (Copen 2017).

Ethnicity impacted on condom use in both studies, with those self-classified as white reporting
significantly lower rates of condom usage at both last sexual intercourse or ever, in both studies
(Copen 2017; Cassell et al. 2006). In the US, those who were self-classified as black or African
American had the highest rates of condom use, followed by Hispanic or Latino, followed by those
who are white. In the UK, those who classified themselves as Black African had the highest rates of
use, followed by Indian, Black Caribbean, Pakistani, followed by those who are white.
Interestingly, one study of 1973 consistent condom users in Denver, USA found that those who
were white had a significantly lower error rate when using condoms than blacks or Hispanics, with
the highest error rate found amongst black MSM (Shlay et al. 2004).
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Relationship status greatly affects condom use. In the CDC population study, men were more likely
to have reported using a condom “every time” they had intercourse with a casual partner compared
to a regular partner, and more likely to use condoms if they had two or more casual partners
compared to one partner only (Copen 2017). Similarly in the British study, those starting
relationships stated that they were significantly more likely to have used condoms during their last
sexual intercourse, compared to those in relationships of five years or longer (Cassell et al. 2006).
Rates of condom use at last sex fell and plateaued around six months in to a relationship (Cassell et
al. 2006). The limitation of both of these studies is that condom-use is self-reported, and therefore

may be over or under estimated.

Other factors known to be associated with condom use were not explored in either of these
population studies. Situational factors, such as either partner partaking in alcohol or drugs, have
consistently been shown to be associated with decreased condom usage (Crosby et al. 2007; Abbey
et al. 2005; Rietmeijer et al. 1998; Lachowsky et al. 2016; Race et al. 2017). Physiological factors
such as erectile issues also play a role in use (Hensel et al. 2011; Graham et al. 2006). In a study of
men 278 men presenting to a public STI clinic, 37.1% reported condom-associated erection loss
(Graham et al. 2006). In this study men with erection issues were more likely to engage in
unprotected sex (p=0.04) and more likely to have inconsistent condom use (p=0.014). A larger
study of 1875 men in the USA had similar findings, with erection issues such as difficulty
maintaining an erection, less rigidity, or less than typical length associated with greater odds of
incomplete condom use (Hensel et al. 2011). An online study of 761 heterosexual men from the UK
found that men who have difficulty reaching an orgasm were significantly more likely to remove
condoms before sex is over (AOR=2.08) (Graham et al. 2011), indicating sexual arousal may be an

important factor in condom removal.

In studies of condom use during penetrative vaginal intercourse, it has been found that condoms are
often used incorrectly with errors related to function, human error and use errors. Functional errors
include condom breakage or slippage. Rates of condom breaking or slipping vary; in the population
study conducted in the US, 6.5% of women stated the condom broke or fell off during their last
sexual intercourse (Copen 2017). Human errors include turning a condom inside out or reusing a
condom (Warner et al. 1998; Shlay et al. 2004; Grimley et al. 2005), not securing a condom at
withdrawal (Grimley et al. 2005; Bortot et al. 2006), or failing to leave space at the tip of the
condom (Grimley et al. 2005; Bortot et al. 2006). Incomplete use errors occur frequently during
sexual intercourse, with penetration before applying condoms occurring in 8-12% of intercourse
involving condoms (Hensel et al. 2011; Warner et al. 1998; Shlay et al. 2004), removing condoms
before completion of intercourse occurring in 3-9% of interactions (Hensel et al. 2011; Hatherall et
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al. 2007; Warner et al. 1998; Shlay et al. 2004), and both types of incomplete use occurring in 2.0%
of sexual events (Hensel et al. 2011). The amount of experience men have had in using condoms
has been significantly associated with all types of error, with those less experienced misusing
condoms more frequently (Shlay et al. 2004; Croshy et al. 2008a; Crosby et al. 2008Db).

Reasons for condom use and condom non-use are complex and diverse, and not usually attributable
to a single demographic or situational factor. While condom use is quite similar between
heterosexuals and MSM, these are two distinctly different populations, and the following sections

will discuss the literature uniquely specific to these two groups.

8.1.3 Condom use amongst heterosexuals

Data from the NATSAL studies in the UK indicate that condoms are commonly used amongst
heterosexuals, with 29.3% of heterosexual men reporting that they used a condom during their last
sexual intercourse (Cassell et al. 2006). The primary purpose of condom use among men in this
group was to prevent pregnancy, with 69.6% of male respondents stating this was the only purpose,
and 18.2% stating they used condoms for the dual purpose of protecting against pregnancy and STIs
(Cassell et al. 2006).

In men having heterosexual intercourse, condom use errors and problems are largely similar
between vaginal and anal sex, however they are significantly more likely to remove a condom

during anal sex rather than vaginal sex (p<0.001) (Topping et al. 2011).

Amaro, a leading theorist on issues of gender and power, has stated condom use is distinctly
different men than it is for women: “for men, the behaviour is wearing the condom; for women, the
behaviour is persuading the male partner to wear a condom or, in some cases, deciding not to have
sex when the male partner refuses to wear a condom” (Amaro 1995). Feminist scholars have opined
that it is impossible to discuss condom use in heterosexual relationships without acknowledging
issues of power, namely that sex typically occurs in contexts in which men have greater power than
women (Amaro 1995). These theories are supported by an American study of 219 American college
students which found that women play a more active role in the negotiation of condom use, while

men play a more reactive role (Carter et al. 1999).

Female involvement in the decision to use condoms can influence the rate of condom use errors. In
an online Canadian study of 2000 people, men who have decided to use condoms unilaterally,
without the input of the female partner, were more likely to report early removal of condoms and
slippage during withdrawal compared with those who made the decision to use condoms with

female input (Crosby et al. 2008a). The authors concluded that female involvement in condom use
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decisions provides a protective effect for condom use errors. Concerningly in a study of
incarcerated female teens, 34.3% reported not discussing condom use prior to sex, while 48.5%
wanted to use a condom but did not have one available. Of those who used condoms, 26.9%
removed them before sex was over. Condom errors were more likely to occur if either of the teens
was high on alcohol or drugs, however condom errors occurred more frequently when it was the
female partner who was drunk compared to the male partner (Crosby et al. 2007). This study again
highlights the importance of female involvement and awareness in a male’s decision to use a

condom during heterosexual sex.

8.1.4 Condom use amongst men who have sex with men

Data from the NATSAL studies in the UK indicate that condoms are commonly used amongst
MSM, with 35.8% of MSM using a condom at their last sexual intercourse (Cassell et al. 2006).
The primary purpose of condom use in this group is to prevent STI and HIV transmission and
acquisition. According to the British NATSAL studies, MSM are more likely than heterosexuals to
report consistent condom use (Shlay et al. 2004; Cassell et al. 2006). However these studies were
conducted prior to the introduction of PrEP, with research indicating a significant decrease in
consistent condom use amongst MSM since the introduction of PrEP (Holt et al. 2018; Golub et al.
2010).

Group sex is a particularly risky situation amongst MSM, with increased risk of STI (van den Boom
et al. 2016). Amongst 393 MSM in Washington D.C., 27.2 % reported engaging in group sex in the
prior year, with 33.0% reporting no condom use with their sex partners (Phillips et al. 2014).
Although group sex was common, cross-sectional research by van den Boom in Amsterdam
(n=2045) found that condoms were more likely to be used in group sex situations compared to
dyadic situations (van den Boom et al. 2016). This study was conducted prior to the introduction of
PrEP, which may have influenced how condoms are used in group sex as well as dyadic sex. An
online survey of men in Paris (n=444) found those reporting condomless group sex were much
more likely to taking PrEP than men with no group sex experience (41.5% vs 7.7%, p < .001)
(Callander et al. 2019). PrEP and the HIV epidemic has had a significant impact on the way the
MSM population utilizes condoms, and new research on condom use amongst this group is needed

since the relatively recent introduction of PrEP.

There is limited literature on the power dynamics of condom use amongst MSM, compared to the
literature on heterosexuals. While there is limited literature, we can acknowledge similarly there is

still may be a power dynamic at play, with one partner wearing the condom, and the other
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negotiating condom use, however the power dynamic may not be influenced by traditional gender

stereotypes or perceptions.

Psychological research has predominately focused on the impact of stigma on sexual health and
risk-taking behaviours (Hubach et al. 2015; Coker et al. 2010; Ramirez-Valles et al. 2010; Starks et
al. 2013; Hamilton et al. 2009). Stigma against MSM has been associated with increased substance
use (Coker et al. 2010; Race et al. 2017), and substance use has consistently been associated with
less consistent condom use (Rietmeijer et al. 1998; Lachowsky et al. 2016; Race et al. 2017).
Stigma has also been associated with psychological characteristics which influence sexual risk-
taking behaviours, including anxiety, depression, and social isolation (Hubach et al. 2015; Frost et
al. 2007; Hart et al. 2005). A study of 100 HIV positive men in rural USA found that HIV-stigma
was correlated with loneliness (r =0.619, p<0.01), and loneliness was associated with lack of
condom use (p<0.05) (Hubach et al. 2015). Another study examining psychological factors that
influence condom use amongst MSM interviewed 100 men in the USA, and found social anxiety
was associated with increased probability of unprotected insertive anal intercourse in the past six
months (Hart et al. 2005). The authors concluded that the findings highlighted the importance of
examining the decision to use a condom as a shared activity with either perceived or actual social

implications, and not as a unilateral decision (Hart et al. 2005).

A study of 245 MSM in New York, USA found that stigma is also significantly associated with a
perception that condoms reduce intimacy during sexual intercourse (Starks et al. 2013). Studies
have suggested the perception of intimacy is critical in condom use, particularly amongst MSM,
with qualitative research finding the use of condoms communicates mistrust of a partner (Blechner
2002; Shernoff 2005; Smith et al. 2009). A survey of 318 MSM in New York found that intimacy

interference attitudes were a significant predictor for condom non-use.

8.1.5 Consequences of condom removal

While the reasons people choose not to use condoms are many and varied, sexual intercourse with
partial condom use can carry the same risks as sex with no condom use, as efficacy is dependent on
correct use (Roper et al. 1993). Delayed application of condoms for receptive anal sex are risk
factors for the transmission of HIV infection amongst MSM (OR=5.8, p=0.01) (Calzavara 2003),
and condom use errors have been significantly associated with STI acquisition (Shlay et al. 2004).
By removing a condom during sex, there is increased risk of pregnancy and STIs (Roper et al.
1993), and those who have not consented to the removal of a condom may experience emotional

and psychological distress (Brodsky 2017).
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8.2 Sexual Consent

8.2.1 Definition

Consent is defined as a free and voluntary agreement between participants, which requires both
reason and deliberation ("ALRC Report 114" 2010; Lehman et al. 2008). A person who enjoys
adequate mental ability and capacity to make an informed and intelligent choice has the capacity to
provide consent ("ALRC Report 114" 2010; Lehman et al. 2008). Consent should be free from
fraud, duress, persuasion, or any variation of these ("ALRC Report 114" 2010; Lehman et al.
2008). In the context of agreement due to apprehension or terror, the consent given is not real

consent and is instead acquiescence (Lehman et al. 2008).

In a review of ‘The Complexities of Sexual Consent’, Muehlenhard concluded there are two main
aspects that are important in defining sexual consent (Muehlenhard 1995/1996). The first is that
consent requires knowledge. A person must be able to understand all aspects of the sexual act to
occur, as well the social implications and meaning of the activities. The second aspect is that

consent must be given freely, with no excessive influence or coercion.

All Australian states have a statutory definition of consent based on free agreement ("ALRC Report
114" 2010). In legal cases of sexual offences against adults, the prosecution must prove the
complainant did not consent to the sexual conduct ("ALRC Report 114" 2010). Defendants will
often assert that they believed the intercourse to be consensual, with juries left to conclude what is
the reasonable or honest belief in each situation ("ALRC Report 114" 2010). A report by the
National Council to Reduce Violence Against Women and their Children noted variations across
Australia in terms of the conditions and circumstances that negate consent or the way ‘honest

belief” is dealt with ("ALRC Report 114" 2010; "Time for Action” 2009).

8.2.2 Communicating consent

In 1987, McCormick categorised the initiation of sexual activity initiation as through either direct or
indirect means, and either verbal or non-verbal means (McCormick 1987) This premise has
underpinned majority of sexual initiation and consent literature since then (Hickman et al. 1999;
Byers et al. 1989; McCormick 1979). Direct means include words or actions that are unambiguous
and cannot be misconstrued, such as directly asking a partner if they would like to have sex.

Indirect means include words or actions that do not explicitly imply a desire to engage in sexual
activity, such as kissing a partner. The majority of studies on sexual initiation were conducted in the
1980s, and concluded that indirect strategies were more commonly employed (Greer et al. 1994;
McCormick 1979), with non-verbal indirect means preferred by both the initiator and the receiver

(Greer et al. 1994; Hickman et al. 1999; Mitchell et al. 1998). As relationships increase in length,
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verbal methods increase in use, with both indirect and direct means acceptable to both parties
(Humphreys et al. 2007). The literature concludes that both women and men prefer indirect

communication as it enables sexual initiation while avoiding explicit rejection.

Sexual consent follows similar patterns to sexual initiation, with consent commonly communicated
through non-verbal means (Hickman et al. 1999; Humphreys 2007). In heterosexual relations,
women are more likely to use indirect verbal methods of consent, such as asking for a condom,
while men are more likely to use indirect nonverbal methods of consent, such as responding with
kissing or touching (Hickman et al. 1999). The most common form of non-verbal consent is not
displaying resistance tactics (Hickman et al. 1999), with Hall et al. concluding in 1998 that most
sexual activity occurs without overt consent being communicated (Hall 1998). Literature on
communicating consent is limited, however there is particularly limited literature on the
communication of consent in non-heterosexual relationships. Existing literature shows that those in
same-sex relationships also predominately use non-verbal means to communicate consent, with no
significant differences between MSM and WSW (Beres et al. 2004). Consent literature also
predominately views consent as a static process, with few papers referring to consent as evolving
process or evaluation of a partners behaviours throughout a sexual encounter (Beres et al. 2014;
Beres 2010). Further research is required to understand consent as it changes throughout a sexual

encounter.

8.2.3 Interpreting consent

The communication of sexual consent is an under-researched area. Existing research has been
predominately conducted amongst heterosexual college students, with further research needed
amongst groups which do not identify as heterosexual, such as MSM, women who have sex with
women, and other non-cis identifying partners, as well as further research needed amongst a more
age diverse population. Complicating consent literature is that it predominately ascribes to sexual
script theory, with the man as the initiator and the woman as the receiver of sex. Sexual script
theory was developed in 1973, and states that sexual behaviour is both instinctual and learned, and

that sexual behaviours or ‘scripts’ are gendered (Gagnon et al. 1973).

Research has been inconclusive of the ease with which consent can be misinterpreted. A study by
Humphreys et al. (2007) exposed 415 Canadian university students to a vignette of a couple
engaging in intercourse following non-verbal initiation and passive consent techniques (Humphreys
2007). The study concluded that gender is a factor in the perception of whether or not consent was
given in situations where researchers intended for consent to be ambiguous. Men were more likely

than women to perceive the situations as consensual, acceptable and unambiguous, regardless of the
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previous relationship between the couple described in the vignette (Humphreys 2007). An earlier
study by Hickman & Muehlenhard, of 68 students from the University of Kansas, USA, asked
participants to imagine themselves in scenarios in which sexual intercourse was initiated either
verbally or nonverbally by either themselves or their date, along with a list of possible responses
someone could make to such initiations. This study concluded women were more likely to use
indirect verbal signals to communicate consent, while men used nonverbal signals, and this may
lead to gender-based misunderstandings. However the study took care to emphasise there were far
more similarities than differences in women's and men's self-reported use and interpretation of
consent signals, and importantly both men and women reported direct refusal is an unambiguous
signal, with miscommunication an unlikely explanation for rape (Hickman et al. 1999). One study
surveying 366 participants about sexual influence techniques concluded sexually aggressive men

are more likely to selectively ignore or reinterpret women’s non-consent (Christopher et al. 1990).

An interesting conclusion from the study by Hickman & Muehlenhard was that a condom is a
common way for women and men to communicate consent, and that consent for sexual intercourse
is implied in the process of asking or applying, or the appearance of a condom (Hickman et al.
1999). A study analysing strategies used to influence condom use amongst 90 heterosexual couples
stated that participants regularly use non-verbal signals such as putting a condom on, buying or
getting condoms, or presenting a condom to their partner (Bird et al. 2001). There is no literature

addressing the role of condoms in communicating consent outside of heterosexual relationships.
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8.3 ‘Stealthing’ or Non-consensual Condom Removal

8.3.1 ‘Stealthing’ definition

Non-consensual condom removal refers to removal or non-use of a condom during consensual
sexual intercourse, that had been consented to on the proviso of condom use. When this condom is
removed, the terms of consent are violated. As mentioned above, this act is popularly referred to as
‘stealthing’(Brodsky 2017).

8.3.2 Literature on ‘stealthing’

Recently, ‘stealthing’ or non-consensual condom removal has been a rising topic of discussion,
particularly prompted by the Julian Assange case in Sweden ("Assange v Swedish Prosecution
Authority” 2011). There is very limited academic literature related specifically to ‘stealthing’,
rather it has been alluded to in the context of being a unique phenomenon related to birth control
sabotage amongst heterosexuals, and intentional HIV transmission amongst MSM. Personal
correspondence with clinicians at Melbourne Sexual Health Centre informs that patients present
following ‘stealthing’ episodes, of which majority do not appear related to these purposes (personal

communication with Prof. Bradshaw and Dr. Vincent Cornelisse).

There is one paper discussing ‘stealthing’ amongst MSM as a unique phenomenon amongst those
attempting to intentionally transmit HIV, also termed ‘gift givers’. The study recruited 332 men
randomly online from among men who were using the Internet specifically to find other men to
engage in unprotected sex with (Klein 2014a). This study was qualitative, so did not examine the
prevalence of ‘stealthing’. It also considered ‘stealthing’ to be a practice in which an HIV-positive
man intentionally tries to infect an HIV-negative man without the latter’s knowledge or consent,

which could include omission of a condom, or by other means such as non-disclosure of HIV status.

In heterosexuals, the majority of studies that mention ‘stealthing’ are in relation to birth control
sabotage and have been conducted amongst domestic violence victims (Bergmann et al. 2015;
Miller et al. 2010). Amongst these women, condom negotiation has been significantly associated
with physical abuse (Lang et al. 2007; Davila et al. 1999). Birth control sabotage has been
significantly associated with unintended pregnancy (AOR 1.58, 95% CI 1.14-2.20) (Miller et al.
2010).

The only paper that directly pertains to ‘stealthing’ outside of birth control sabotage or HIV -
transmission is a legal paper by Brodsky, which described victims experiences and acknowledges
that this act can be outside of these parameters (Brodsky 2017). The paper focuses on the legal

implications of ‘stealthing’ and legal avenues to address it (Brodsky 2017). This paper did not
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explore prevalence of this practice, and largely focused on ‘stealthing’ amongst heterosexuals and

ignores the experiences of MSM.

8.3.2 The legality of ‘stealthing’

Until recently, Western courts have largely been ignorant of non-consensual condom removal. The
National Sexual Assault Hotline in America has reported receiving calls related to this practice
(Nedelman 2017), as has a Victorian Police Sexual Crimes Squad spokesperson in Australia. The
Victorian Police spokesperson stated that the “removal of a condom during sex without consent
could be construed as rape though all the facts would need to be considered” (Lambert 2017).
Various legal cases have now occurred around the world, with the most infamous the case against
Julian Assange ("Assange v Swedish Prosecution Authority” 2011; Brodsky 2017). A case around
non-consensual condom removal is currently awaiting trial for sexual assault in Victoria, and will

be Australia’s first ‘stealthing’ case.

Brodsky, an American lawyer, examined ‘stealthing’ in the context of American law in her paper
‘“Rape-Adjacent”: Imaging legal response to non-consensual condom removal’, published in the
Columbia Journal of Gender and Law (Brodsky 2017). This paper examined whether or not
removing a condom violated the terms of consent to continued intercourse, and assumed that
consent is the standard of distinguishing consensual sex from sexual violence. Brodsky argued
consent was violated for in two ways. The first being that the victim had consented to touch by a
condom, not touch by the skin of a penis (Brodsky 2017). She stated that according to law, one may
consent to one form of sexual contact without providing future consent to all sexual contact, and
thus consenting to touch with a condom was a separate prior act to touch with a penis, even if they
occurred in the same sexual encounter. Brodsky’s second argument for viewing ‘stealthing’ as a
violation of consent due to the fact that there are inherently different risks associated with sex with
a condom and sex without a condom (Brodsky 2017). There have been legal cases in which a
respondent was found to have committed battery when his sexual partner agreed to intercourse after
he claimed to be infertile when he actually was not, and thus the risk of pregnancy was re-
introduced ("Barbara A. Vs John G. ™ 1983). Brodsky argued that this is the same deception as
‘stealthing’(Brodsky 2017).

Brodsky could not determine how a ‘stealthing’ case would be prosecuted, whether it would be
classified as a felony (such as rape) or a misdemeanour (such as sexual harassment) (Brodsky
2017). This hinged on the ambiguity of consent. As discussed in chapter 8.2.2, most consent during
sexual intercourse is nonverbal. This could create difficulties for judges and juries in determining

whether or not consent was violated- a ‘he said she said’ situation.
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The law in Australia is unclear whether or not a case could be prosecuted, as removing a condom
during sex is not expressly written as illegal in the law (statutory law), and there is no case
precedence (common law). There is a law in Sweden which expressly states removing a condom
without the consent of the partner is classified as rape. It was under this law that Julian Assange,
founder of WikiLeaks, was charged for rape ("Assange v Swedish Prosecution Authority” 2011).
The pending trial in Victoria, Australia is significant, and will provide legal clarification around the

prosecution of a ‘stealthing’ case in Western societies.
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8.4 Summary of literature review exploring ‘Stealthing’

‘Stealthing’ is a relatively new phenomenon in the eyes of the law and society. However,
‘stealthing’ has clearly been occurring amongst women and MSM, with literature documenting
birth control sabotage and ‘gift-giving’ (Bergmann et al. 2015; Miller et al. 2010; Klein 2014a).
Despite the minimal legal and academic recognition, there is abundant evidence that this practice is
common, with extensive discussion on various online forums such as Reddit (Brodsky 2017), and
numerous clinicians’ personal anecdotes at Melbourne Sexual Health Centre, the largest sexual
health clinic in Australia. While many academic papers discuss early removal of condoms (Hensel
et al. 2011; Hatherall et al. 2007; Warner et al. 1998; Shlay et al. 2004), none of these studies
discuss whether this removal was consensual. ‘Stealthing’ is likely to soon be classified as sexual
assault in common law, due to pending criminal trials, as it violates the terms of consent for sexual
intercourse. This violation may lead to serious consequences, with condom use errors significantly
associated with STIs, HIV and pregnancy, and the additional mental burden of becoming a victim

of sexual assault.

With current debate in the legal community as to the nature of sexual assault, the medical
implications of condom removal, and widespread public interest, there is an increasing need to
determine the prevalence of ‘stealthing’ and the risk factors associated with it. This section of my
thesis seeks to expand the literature around the proportion of women and MSM who have

experienced ‘stealthing’, and the situational factors that were associated with the incident.

196



8.5 Hypotheses and Aims of Section B

8.5.1 Hypotheses

1) ‘Stealthing’ will be a commonly experienced practice amongst attendees at Melbourne Sexual
Health Centre.

2) ‘Stealthing” will be associated with demographic and situational risk factors, similar to condom
use.

3) ‘Stealthing’ is likely to result in serious consequences for a proportion of those who experience
it.

8.5.2 Aims

1) To determine the proportion of attendees at Melbourne Sexual Health Centre who have
experienced ‘stealthing’.

2) To determine the risk and situational factors associated with ‘stealthing’ incidents.
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9. How often do patients report non-consensual condom removal when
presenting to a sexual health clinic.

9.1 Background

‘Stealthing’ has been a widespread topic of conversation in the community and in the media,
prompted by both the infamous Julian Assange case and by a paper by Alexandra Brodsky, which
explored the legal implications of ‘stealthing’ ("Assange v Swedish Prosecution Authority” 2011;
Brodsky 2017). ‘Stealthing’ has been mentioned in the medical literature as unique phenomenon,
related to birth control sabotage or related to intentional HIV transmission (Klein 2014a). However,
the anecdotal evidence collected by Brodsky shows that this is not the primary purpose for this act,
and ‘stealthing’ is likely occurring commonly outside of these acts. Due to widespread public, legal
and medical interest, there is an increasing need to determine the prevalence of ‘stealthing’ and the

risk factors associated with it.
This chapter had the following aims:

1) What proportion of sexual health center patients report experiencing ‘stealthing’:
a. among heterosexuals?
b. among MSM?

2) What are the risk factors associated with ‘stealthing’?

The findings of this study were published in PLoS One: Latimer RL, Vodstrcil LA, Fairley CK,
Cornelisse VJ, Chow EPF, Read TRH, et al. (2018) Non-consensual condom removal, reported by
patients at a sexual health clinic in Melbourne, Australia. PLoS One 13(12): e0209779.
https://doi.org/10.1371/journal.pone.0209779

This study has been presented as a poster presentation at the IUSTI Asia Pacific Sexual Health
Congress, Auckland, New Zealand, November 1%-3" 2018 (Poster Presentation #18).

This study also generated a strong interest from the media, and | was invited to discuss the findings
on ‘Afternoons’ with Richelle Hunt and Raf Epstein on ABC Radio Melbourne, June 4™ 2019: on
‘The Hook Up’ with Nat Tencic on triple J Radio, November 4" 2018; and in the newspaper ‘The
Age’ by Melissa Cunningham, ‘One in three women victim to 'stealth' condom removal’, June 3"

2019.

The paper has been included as text in the thesis to allow for inclusion of what was supplementary

material in the published study, and for the addition of appendices. No alterations have been made,
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aside from changes to abbreviations, and figure and table numbers, for thesis consistency. Please
see Appendix E for the PDF of the published study.
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9.2 Abstract

9.2.1 Background

Non-consensual removal of condoms, colloquially referred to as ‘stealthing’, is the removal of a

condom during sex by a sexual partner when consent has been given for sex with a condom only.

9.2.2 Methods

We conducted a cross-sectional survey to determine how commonly women and MSM attending
Melbourne Sexual Health Centre had experienced stealthing, and analysed situational factors
associated with the event. Responses were linked to demographic information extracted from
patient files.

9.2.3 Results

1189 of 2883 women (41.2%), and 1063 of 3439 MSM (30.9%) attending the clinic during the
study period completed the survey. Thirty-two percent of women (95% CI: 29-35%) and 19% of
MSM (95% CI: 17%,22%) reported having ever experienced stealthing. Women who had been
stealthed were more likely to be a current sex worker (AOR 2.87, 95% CI: 2.01-4.11, p <0.001).
MSM who had experienced stealthing were more likely to report anxiety or depression (AOR 2.13,
95% CI: 1.25-3.60, p=0.005). Both female and male participants who had experienced stealthing
were three times less likely to consider it to be sexual assault than participants who had not
experienced it (OR 0.29, 95% CI: 0.22-0.4 and OR 0.31, 95% CI: 0.21-0.45 respectively).

9.2.4 Conclusions

A high proportion of women and MSM attending a sexual health service reported having
experienced stealthing. While further investigation is needed into the prevalence of stealthing in the
general community, clinicians should be aware of this practice and consider integrating this
question into their sexual health consultation. Understanding situational factors would assist in the

development of preventive strategies, particularly female sex workers and MSM.
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9.3 Introduction

Non-consensual removal of condoms, colloquially referred to as ‘stealthing’ (Brodsky 2017) or
‘stealth-breeding’ (Brennan 2017), refers to the practice of a sexual partner covertly removing a
condom, when consent has been given for condom protected sex only (Brodsky 2017). Condoms
are used as a primary preventative method of protecting against STIs, HIV and pregnancy, being 80
to 98.6% effective (Holmes et al. 2004; Pinkerton et al. 1997; Weller et al. 2002). Stealthing may
result in the transmission of STIs, HIV, or unintended pregnancy, and could have significant
personal and public health implications.

Studies of undergraduate students have found consent for sexual intercourse to be mostly
communicated through non-verbal means (Hickman et al. 1999; Humphreys 2007), with consent for
sexual intercourse often implied in the process of asking for or applying a condom (Hickman et al.
1999). Brodsky has argued that condom removal without mutual agreement violates consent to sex
(Brodsky 2017).

In young adult heterosexual relations, it is common for male partners to engage in condom
resistance tactics (Davis et al. 2014). Several studies have identified stealthing as a method of birth
control sabotage (Miller et al. 2010; Moore et al. 2010), as well as a means of intentional HIV
transmission (Klein 2014b). Anecdotal research by Brodsky focusing on heterosexual and
heteronormative relations, and theoretical research by Brennan focusing on condom-less sex
between men, argue these are not the primary motivators for this act (Brodsky 2017; Brennan
2017).

In spite of public interest in stealthing, there are no scientific articles that investigate how common
it is, who is most at risk, and the outcomes for those who report being stealthed. We aimed to
investigate the proportion of sexual health centre patients reporting nonconsensual removal of
condoms: 1) among heterosexual women and 2) among MSM, as well as associated risk factors. For
the purpose of this study, ‘stealthing’ was defined as condom removal without consent, where

consent to sex was conditional upon use of a condom.
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9.4 Methods

9.4.1 Population and setting

This was a cross-sectional questionnaire-based study conducted amongst women and MSM
attending the Melbourne Sexual Health Centre in Victoria, Australia, between the 22nd December
2017 and the 22nd February 2018. Melbourne Sexual Health Centre is the largest public sexual
health service in Victoria, Australia. The centre provides around 50,000 consultations every year,
37% with women and 36% with MSM (Chow et al. 2014). Clinic attendees routinely complete a
computer assisted self-interview about their sexual history prior to seeing a triage nurse.

9.4.2 Study measurement

Women and MSM presenting to Melbourne Sexual Health Centre, aged 18 or over, were invited to
complete an electronic questionnaire containing questions about stealthing after completing the
computer assisted self-interview (Appendix E2). Participants read a patient information and consent
form which detailed the nature of the survey, and patients could only commence the questionnaire
after ticking a box stating ‘Yes- willing to help’. Due to the potential of the questionnaire to cause
distress when recalling the stealthing event, the participant information included advertisement of
free counselling services available at Melbourne Sexual Health Centre and elsewhere. The Alfred

Hospital Ethics Committee approved the study (number 494/17).

Age, number of sexual partners, and HIV status were extracted electronically from routinely
collected clinic records for respondents and non-respondents, de-identified for non-respondents, and

linked to questionnaire responses for respondents (Figure 22).

The questionnaire asked whether the participant had ever had a condom removed during sex with or
without permission and at what point the participant noticed. Participants could choose from a
hierarchy of seven responses describing the circumstances. Multiple responses were allowed for
those reporting multiple occurrences, and there was no time limit applied to the reported event.
Participants were deemed not to have experienced stealthing if they responded either: 1) they had
never had a condom removed during sex, 2) that a condom had been removed with permission, or
3) that a condom was removed without permission but they willingly continued sex. Participants
were deemed to have experienced stealthing if they reported: 4) condom removal without
permission and sex continued unwillingly, 5) condom removal without permission and sex was
discontinued, 6) condom removal during sex but they did not realise until afterwards, or 7) the
condom was never put on despite being requested. If a participant only selected options between 1

and 3 they were classified as never having been stealthed. If a participant selected any option
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between 4-7, regardless of whether they had also selected options between 1 and 3, they were
classified as ever having been stealthed (Figure 22).

Participants who reported stealthing were asked further questions about the specific event (Figure
22). Participants who had selected multiple options were asked about the incident with the highest
assigned number. For instance if they reported several stealthing events with differing scenarios and
selected both response 4 and 5, then specific questions were asked about “event 5” only — i.e.
condom removal without permission and sex was discontinued. Questions included: when the
incident occurred, how long they had known the partner, how they would describe the relationship,
where they had met, whether either person had been using drugs or alcohol, whether the event was
reported to the police, and what they perceived were the consequences of the condom removal. All
respondents were asked whether they considered the removal of a condom without consent to be

sexual assault.

9.4.3 Statistical analysis

All analyses were performed using Stata IC version 14. MSM who reported only insertive anal sex
and no receptive anal sex while completing the computer assisted self-interview were excluded
from the dataset prior to analysis of questionnaire responses, as experiencing stealthing was
considered unlikely if the male was only the insertive partner. Risk factors for experiencing
stealthing in women and MSM were not compared to each other as they are different populations.
Univariable and multivariate analyses were performed to determine the differences in demographics
between non-respondents and respondents, and the differences between those who had and had not
experienced stealthing. Variables were included in multivariate models if the p-value was <0.1; if
correlated, the variable most strongly associated with the outcome was used. Models were built in a
backward-stepwise fashion, using the likelihood ratio test to determine the significance of the
contribution of each variable. Ninety-five percent binomial Cls were calculated for all proportions.
We assumed 100 patients would complete the survey each week and estimated 2% would report
ever being stealthed. The 95%CIls around an estimated 2% prevalence of stealthing after six weeks
(600 responses) would be 1.0-3.5%.
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MSM who
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were offered
stealthing
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had ever had a
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without consent.

Declined, did
not answer, or
the question
was not
applicable.

If a participant
only selected
options between
1 and 3 they
were classified
as having never
been stealthed.®

Did not consent
to survey.

Excluded from
the analysis.

If a participant
selected any
option between
4 and 7 they
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as having ever
been stealthed.”
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of participants
about the
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that had the
highest
assigned
number.

Survey
complete. CASI
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answers, and
sent to
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participants in
whom stealthing
was not
applicable or
not answered.

Survey
complete. CASI
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answers, and
sent to
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had never
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Survey
complete. CASI
data linked to
answers and
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researchers for
participants who
had ever
experienced
stealthing.

CASI
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identified and
sent to
researchers for
non-
participants.

Figure 22. Possible pathways for patients offered the survey, and the classification for
analysis of nonconsensual condom removal.

Abbreviations: MSM= men who have sex with men; CASI= computer assisted self-interviewing.
4Participants were classified as never having experienced stealthing if they responded either: 1)
they had never had a condom removed during sex, 2) that a condom had been removed with
permission, or 3) that a condom was removed without permission but they willingly continued
sex. PParticipants were deemed to have experienced stealthing if they reported: 4) condom
removal without permission and sex continued unwillingly, 5) condom removal without
permission and sex was discontinued, 6) condom removal during sex but they did not realise until
afterwards, or 7) the condom was never put on despite being requested.
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9.5 Results

During the study period, 2883 women and 3439 MSM attended the clinic, of whom 1189 women
(41%, 95%CI: 39-43%) and 1063 MSM (31%, 95%Cl: 29-32%) completed the survey (classified as
respondents).

Female respondents were more likely than non-respondents to have had sex overseas in the last
twelve months (AOR 1.49, 95% CI: 1.26-1.77, p<0.001) and were less likely to be a current sex
worker (AOR 0.78, 95% CI: 0.63-0.96, p=0.02) (Table27). Compared to MSM non-respondents,
the men who responded were more likely to have had sex overseas in the last twelve months (AOR
1.70, 95% CI: 1.37-2.11, p<0.001), and were less likely to be HIV positive (AOR 0.60, 95% CI:
0.38-0.95, p=0.029) (Table27).

Of the 1189 women and 1063 MSM who consented to the survey and answered the first question:
60 (5%) women and 64 men (6%) declined to answer whether they had experienced stealthing, 45
(4%) women and 37 (3%) men deemed the question to be not applicable to them i.e. they never
used condoms, or did not engage in penetrative sex with men and 90 (8%) men were removed from
the analysis, as they had only reported insertive anal sex and not reported receptive anal sex in thr

computer assisted self-interview (Table28).

Three hundred and forty-six of the remaining 1084 women (32%, 95% CI: 29-35%) and 168 of the
remaining 872 MSM (19%, 95% CI: 17-22%) reported having ever experienced stealthing
(Table29). Of those who had experienced stealthing, forty-two women (12%, 95% CI: 9-16%) and
23 MSM (14%, 95% CI: 9-20%) presented to the clinic on the day of the questionnaire following a
reported stealthing incident (Table 30).

On multivariate analysis, women who had been stealthed were more likely to be a current sex
worker than those who had never experienced stealthing (AOR 2.87, 95% CI: 2.01-4.11, p<0.001)
(Table29), and MSM who had been stealthed were more likely to report ‘health issues, such as
anxiety or depression which may have affected their decision to use condoms for anal sex’ than

those who had never experienced stealthing (AOR 2.13, 95% CI: 1.25-3.60, p=0.005) (Table29).

Most women met the male partner who had stealthed them through friends (29%, 95% CI: 24-34%)
or sex work (23%, 95% CI: 19-28%). MSM reporting stealthing most commonly described the

partner as someone they “did not know well” (61%) and had predominantly met them through
geosocial dating applications or online (67%, 95% CI: 59-74%) (Table 30).

At the time of the stealthing incident, 41% (95% ClI: 36-47%) of women and 54% (95% CI: 46-

62%) of MSM reported being sober, while 57% (95% CI: 51-62%) of women and 41% (95% CI:
205



33-49%) of MSM had consumed alcohol. Twelve percent of women and 13% of MSM had used
other drugs either in addition to or without alcohol (Table 30). The majority of women reported
their partner had consumed alcohol (68%, 95% CI: 62-73%) and/or other drugs (19%), with only
27% (95% CI: 22-33%) stating the partner had been sober when the incident occurred. Many MSM
believed their partner to be sober (53%, 95% ClI: 44-62%), with 40% (95% CI: 31-50%) of partners
under the influence of alcohol, and 12% using additional/or other drugs (Table 30).

The majority of women (61%) and MSM (55%) discussed the removal of the condom with their
partners after the event. Over half of the participants reported being emotionally stressed following
the incident. Eight percent of women and five percent of MSM reported they thought they had
acquired an STI following the event. One percent of women and two percent of MSM believed they
had acquired HIV as a consequence of being stealthed (Table 30). Only 1% of people stealthed
reported this experience to the police (Table 30).

Both female and MSM participants who had experienced stealthing were less likely to consider it to
be sexual assault than participants who had not experienced stealthing. Amongst women, 62% (95%
Cl: 56-67%) of those stealthed considered it to be assault, compared to 85% (95% CI: 82-87%) of
those not stealthed (OR 0.29, 95%Cl: 0.22-0.4, p<0.001). Amongst men, 61% (95% CI: 53-69%) of
those stealthed considered it to be assault versus 84% (95% CI: 81-86%) of those not stealthed (OR
0.31, 95%Cl: 0.21-0.45, p<0.001).
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Table 27. Demographics and epidemiological features of respondents versus non-respondents to survey on rates of non-consensual removal
of condoms (stealthing) in a sexually transmitted infections clinic (N=6322)

Female non- Female respondents Unadjusted
respondents n=1694 n=1189 (%: 95% CI) or Odds Ratio p- Adjusted Odds p-
(%; 95% CI) or - value Ratio® (95% CI)  value
; median [range] (95% CI)
median [range]
Age 27 [16-74] 26 [18-64]
Employment
Employed 958 (60; 57,62) 689 (60; 57,62) 1
Not in the labour force® 641 (40; 38,43) 467 (40;38,43) 1.01 (0.87,1.18) 0.87
Aboriginal and/or Torres Strait Islander peoples
No 1479 (99; 98,99) 1074 (99; 98,99) 1
Yes 16 (1;0,2) 14 (1;1,2) 1.20 (0.59,2.48) 0.613
Sex overseas
No 817 (60;57,62) 485 (48; 45,52) 1 1
Yes 552 (40; 38,43) 517 (52;48,55) 1.58 (1.35,1.86) <0.001 1.49 (1.26,1.77) <0.001
Injecting drug use
Never injected 1420 (98; 97,99) 1023 (98; 97,99) 1
Ever injected 26 (2;1,3) 22 (2;1,3) 1.17 (0.66,2.08) 0.582
Current sex worker
No 1095 (76; 74,78) 856 (82;79,84) 1 1
Yes 348 (24, 22,26) 191 (18;16,21) 0.70 (0.58,0.86) <0.001 0.78 (0.63,0.96) 0.020
Condom Use in the last 3mo with male partners
Not always 1014 (83;81,85) 765 (82; 80,85) 1
Always 204 (17;15,19) 163 (18;15,20) 1.06 (0.84,1.33) 0.619
Number of male sexual
partners in the last 3mo 1 [0-50] 1 [0-15]
Male non-respondents Male respondents Unadjusted i
n=2376 (%:; 95% CI)  n=1063 (%:; 95% Cl)or  Odds Ratio vsz[Je F?a‘i{gft(‘;‘é;dgf) V;};Je
or median [range] median [range] (95% CI)
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Age 30 [16-82]
Employment

Employed 1480 (67; 65,69)

Not in the labour force® 742 (33;31,35)
Aboriginal and/or Torres Strait Islander peoples

No 2114 (99; 98,99)

Yes 26 (1;1,2)
Sex overseas

No 1365 (70; 69,72)

Yes 587 (30; 28,32)
Injecting drug use

Never injected 2048 (96; 96,97)

Ever injected 75 (4;3,4)
Current sex worker

(>99;

No 2126 99,100)

Yes 9 (<1;0,1)
Condom Use in the last 3mo with male partners

Not always 1379 (74;72,76)

Always 492 (26; 24,29)
HIV status

Negative 1279 (91; 90,93)

Positive 119 (9;7,10)
Use of prep

No 1844 (81;79,82)

Yes 436 (19; 18,21)
Number of male sexual
partners in the last 3mo 3 [0-100]

30

644
361

978

542
345

914
28
933
10

616
246

558
32

861
174

3

[18-75]

(64; 61,67)
(36; 33,39)

(99;
99,100)
(1;0,1)

(61; 58,64)
(39; 36,42)

(97; 96,98)
(3;2,4)
(99; 98,99)

(1;1,2)

(71 68,74)
(29: 26,32)

(95; 92,96)
(5; 4,8)

(83: 81,85)
(17: 15,19)

[0-140]

1.12

0.42

1.48

0.84

2.53

1.12

0.62

1
0.85

(0.96,1.31)

(0.16,1.09)

(1.25,1.75)

(0.55,1.3)

(1.03,6.25)

(0.93,1.34)

(0.41,0.92)

(0.70,1.04)

0.161

0.073

<0.001

0.428

0.044

0.220

0.019

0.112

0.64

1.70

2.72

0.61

(0.21,1.97)  0.441

(1.37,2.11) <0.001

(0.97,7.59)  0.057

(0.38,0.97)  0.038

Abbreviations: n=number; Cl=confidence interval; mo= months; HIVV=human immunodeficiency virus; PrEP=HIV pre-exposure prophylaxis

Notes: 2Adjusted model for females includes: sex overseas and current sex worker; °Not in the labour force includes both those who are unemployed
and/or students “Adjusted model for males includes: Aboriginal and/or Torres Strait Islander peoples, sex overseas, current sex worker and HIV status.
208



Data missing for: <5% of PrEP data; <5%-10% of employment data; 5-15% of Aboriginal and/or Torres Strait Islander peoples data; 10-15% of
current sexworker data; 10%-20% of sex overseas data and injecting drug use data; 15- >20% of condom use data; and >20% of HIV data. Proportions
are calculated using available data.
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Table 28. Reported events of non-consensual removal of condoms (stealthing) amongst
patients presenting to a sexually transmitted infections clinic (N=2252)2

Female Male
respondents respondents
n=1189 (%; 95% n=1063 (%o;
Cl) 95% CI)
Classified as not experiencing ‘stealthing’
Never stealthed 420 (35;33,38) 496 (47;44,50)
Condom removed w permission 455 (38;35,41) 315 (30;27,32)
Condom removed w/o permission but continued
willingly 104 (9;7,10) 77 (7;6,9)
Classified as experiencing ‘stealthing’
Condom removed w/o permission, and continued
unwillingly 108 (9; 8,11) 52 (5;4,6)
Condom removed w/o permission, and stopped 135 (11;10,13) 65 (6;5,8)
Condom removed w/o permission, but didn't realise
until afterwards 147 (12;11,14) 60 (6;4,7)
Condom never put on but had been requested 84 (7;6,9) 41 (4;3,5)
Removed from further analysis
Not applicable® 45 (4;3,5) 127 (12;10,14)
Decline answer 60 (5;4,6) 64 (6; 5,8)

Abbreviations: n=number; Cl=confidence interval, w=with; w/o=without.

Notes: ?Patients could select multiple options, to report multiple events occurring, i.e. events are not
mutually exclusive, therefore percentages do not sum to 100. Percentages represent the proportion
of participants who have reported the event. If reporting multiple events, patients were classified in
the analysis based off the highest numbered event they reported, if 1 is Never and 7 is ‘Condom
never put on even though requested’. "Not applicable refers to patients who have not/do not
engaged in penetrative penile sex, includes 97 MSM who responded to survey but reported no
receptive anal sex and 30 who selected not applicable.
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Table 29. Risk factors associated with non-consensual removal of condoms (stealthing) in patients presenting to a sexually transmitted

infections clinic (N=2042)

Women who have

not had been

Women who

have have been

Unadjusted Odds

Adjusted Odds p-

f;?';gﬁz ggiﬁ ?;a'ggﬁz ?:l?i? Ratio (95% CI) ~ PValUe  Ratio (95% CI)*  value
median [range] median [range]
Age 26 [18-58] 26 [18-55]
Number of male sexual partners in the
last 3mo 2 [0-15] 1 [0-15]
Employment®
Employed 439 (61;57,65) 189 (56; 51,62) 1
Not in the labour force 281 (39; 35,43) 146 (44; 38,49) 1.21 (0.93,1.57) 0.161
Education level
Did not complete high school 18 (2;1,4) 13 (4;2,6) 1
High school/Certificate/Diploma 238 (33;29,36) 134 (39; 34,45) 0.78 (0.37,1.64) 0.512
University degree 475 (65; 61,68) 195 (57;52,62) 0.57 (0.35,1.47) 0.131
Aboriginal and/or Torres Strait Islander
peoples
No 672 (99; 98,99) 319 (98;96,99) 1
Yes 8 (1;1,2) 5 (2;1,4) 1.31 (0.43,4.06) 0.632
Australian/New Zealander
No 441 (63;59,66) 166 (51; 45,56) 1
Yes 264 (37;34,41) 160 (49; 44,55) 1.61 (1.23,2.09) <0.001 1.26 (0.94,1.70) 0.122
Current sex worker
No 573 (87;85,90) 215 (71, 65,76) 1
Yes 83 (13;10,15) 89 (29; 24,35) 2.86 (2.04,4.01) <0.001 2.87 (2.01,4.11) <0.001
Injecting drug use
Never injected 644 (98;97,99) 295 (97;95,99) 1
Ever injected 11 (2;1,3) 8 (3;15) 1.59 (0.63,3.99) 0.325

Sex overseas
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No 303 (47;44,51) 136 (47;41,53) 1
Yes 335 (53;49,56) 153 (53;47,59) 1.02 (0.77,1.34) 0.903
Use other contraceptives in addition to
condoms®
No 293 (46; 42,50) 112 (47;40,53) 1
Yes 339 (54;50,58) 128 (53; 47,60) 0.94 (0.733,1.33) 0.936
MSM who have MSM who have
not been stealthed  been stealthed . .
Unadjusted Odds Adjusted Odds -
”&704 (% 95%  n=168 (%, 95% gl (9506 CIy  P-value Ratio (95% CI)" value
) or median Cl) or median
[range] [range]
Age 30 [18-75] 29 [18-58]
Number of male sexual partners in the
last 3mo 3 [0-140] 3 [0-100]
Employment
Employed 435 (65;61,69) 98 (61;53,68) 1
Not in the labour force 232 (35;31,39) 63 (39; 32,47) 1.20 (0.85,1.72) 0.302
Education level
Did not complete high school 24 (3;2,5) 7 (4,28) 1
High school/Certificate/Diploma 183 (26; 23,30) 34 (20; 14,27) 0.64 (0.25,1.60) 0.336
University degree 494 (70; 67,74) 127 (76; 68,82) 0.88 (0.37,2.09) 0.775
Aboriginal and/or Torres Strait Islander
peoples
(99;
No 701 (100;99,100) 166 97,100) 1
Yes 2 (0;0,1) 1 (1;03) 2.11 (0.19,23.42) 0.543
Australian/New Zealander
No 343 (50; 46,54) 83 (49; 42,57) 1
Yes 342 (50; 46,54) 85 (51, 43,58) 1.03 (0.73,1.44) 0.877
Current sex worker
(99;
No 622 (99;98,100) 151 95,100) 1
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(0.32,8.57)

(0.55,3.60)

(0.77,1.61)

(0.70,3.87)

(0.96,2.25)

(0.74,1.75)

(0.84,1.99)

(0.60,1.89)

(1.03,2.51)

0.553

0.480

0.577

0.255

0.077

0.569

0.242

0.832

0.038

0.003

Yes 5 (1,02 2 (1;0,5) 1.65
Injecting drug use

Never injected 611 (97;96,98) 145 (96; 92,99) 1

Ever injected 18 (3;2,4) 6 (4;1,8) 1.4
Sex overseas

No 354 (60; 56,64) 82 (57;49,66) 1

Yes 237 (40; 36,44) 61 (43;34,51) 111
HIV status

No 375 (95; 93,97) 96 (2;85,97) 1

Yes 19 (5;3,7) 8 (8;3,15) 1.64
Use of prep

No 582 (84;81,87) 126 (78;71,84) 1

Yes 110 (16; 13,19) 35 (22;16,29) 1.47
Drugs use with anal sex w/o a condom in the last 12mo®

No 222 (58;53,63) 58 (55; 45,64) 1

Yes 162 (42; 37,47) 48 (45; 36,55) 1.13
Drunk during anal sex w/o a condom in the last 12mo*®

No 219 (57;52,62) 53 (50; 41,60) 1

Yes 166 (43; 38,48) 52 (50; 40,59) 1.29
Anal sex w/o a condom with known HIV positive in the last 12mo®

No 319 (83;79,87) 83 (82;73,89) 1

Yes 65 (17;13,21) 18 (18;11,27) 1.06
Anal sex w/o a condom with someone of unknown HIV status in the last 12mo°®

No 189 (50; 45,55) 39 (38;29,48) 1

Yes 190 (50; 45,55) 63 (62;52,71) 1.61
Self-reported health issues, such as anxiety or depression, which may have affected your decision to use condoms
for anal sex?®

No 318 (85;81,89) 74 (73; 63,81) 1

Yes 55 (15;11,19) 28 (27;19,37) 2.19

(1.30,3.68)

1
1.16 (0.70,1.92)

1
151 (0.96,2.39)

1
2.13 (1.25,3.6)

0.567

0.075

0.005

Abbreviations: n=number; Cl=confidence interval; mo=months; MSM= men who have sex with men; HIVV=human immunodeficiency virus;

PrEP=HIV pre-exposure prophylaxis; w/o=without
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Notes: 2Adjusted model for females includes: Australian and current sex worker; "Not in the labour force includes both those who are unemployed
and/or students “Women who reported not using contraception due to pregnancy were excluded (2 females who did not have condoms removed, and 10
who did). 9Adjusted model for males includes: use of prep, condom use with someone of uncertain HIV status, health issues (anxiety & depression)
affecting decisions to use condoms. *These questions were asked only to patients who had reported unprotected anal sex since their last HIV test as part
of their routine computer assisted self-interviewing.

Data missing for: <5% of employment data, education data and PrEP data; <5%-10% of Aboriginal and/or Torres Strait Islander peoples data and
Australian data; 10%-15% of injecting drug use data and current sex worker data, 10%-20% sex overseas data; 10- >20% contraception data; and
>20% of HIV status and questions on issues affecting decisions to use condoms. Proportions are calculated using available data.
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Table 30. Situational factors surrounding non-consensual removal of
condoms (stealthing) reported by patients presenting to a STI clinic (N=523)

Women MSM
n=346 (%; 95% n=168 (%; 95%
Cl) Cl)
When the incident occurred
Here today for this reason 42 (12;9,16) 23 (14;9,20)
In the last 3mo 59 (17;13,22) 20 (12;7,18)
3-12 mo ago 78 (23; 18,28) 35 (21;15,28)
More than 12 months ago 120 (35; 30,40) 78 (46; 39,54)
More than 1 occasion 43 (13;9,17) 12 (7;4,12)
Relationship
Did not know him well 101 (30;25,36) 102 (61;54,69)
Friend 33 (10;7,14) 10 (6;3,11)
Friend with benefits/ Sex buddy 51 (15;12,20) 30 (18;13,25)
Casually dating 54 (16; 12,21) 22 (13;8,19)
Relationship 25 (8;5,11) 2 (1;04)
Client (of sex worker) 69 (21;16,25) 0 (0;0,2)2
Relationship duration
Less than a day (<24hrs) 126 (38;33,44) 85 (52; 44,59)
One day to one month 95 (29; 24,34) 39 (24;17,31)
More than one month 107 (33; 28,28) 41 (25;18,32)
Met through
Smartphone dating app/Internet 64 (20;15,24) 110 (67;59,74)
(Gay) bar or party 50 (15;12,20) 20 (12;8,18)
Gay sauna, beats of SOPV, sex party 2 (1;0,2) 24 (15;10,21)
Friend, or friend of friend 94 (29; 24,34) 6 (4;1,8)
Co-workers 22 (7;4,10) 3 (2;05)
Sex work 76 (23;19,28) 0 (0;0,2)2
Travel 15 (5;3,7) 0 (0;0,2)2
Other (café, park etc.) 4 (1;0,3) 1 (1;0,3)
Drugs used by partner®™
None 75 (27;22,33) 63 (53;44,62)
Alcohol 188 (68; 62,73) 48 (40; 31,50)
Cannabis/marijuana/hash 28 (10;7,14) 4 (3;1,8)
Ecstasy 12 (4;2,7) 4 (3;1,8)
Speed/ice/meth 5 (2;1,4) 6 (5;2,11)
GHB 2 (1;0,3) 3 (2,147
Cocaine 10 (4;2,7) 3 (2;1,7)
Heroin 1 (<1;0,2) 0 (0;0,3)?
Other 1 (<1;0,2) 3 (2,17
Drugs used by respondent™
None 135 (41; 36,47) 87 (54, 46,62)
Alcohol 186 (57;51,62) 65 (41; 33,49)
Cannabis/marijuana/hash 21 (6;4,10) 3 (2,055
Ecstasy 9 (3;1,5) 4 (3;1,6)
Speed/ice/meth 5 (2;0,4) 8 (5;2)9)
GHB 2 (1;0,2) 3 (2,05
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Cocaine 8 (2;1,5 4 (3;1,6)

Heroin 1 (<1;0,2) 0 (0;0,2)?
Other 0 (0;0,1)® 4 (3;1,6)
Condom removal discussed with
partner
No 128 (39; 33,44) 74 (45; 37,52)
Yes 204 (61; 56,67) 92 (55;48,63)
Consequences of condom removal®
None 85 (25;21,30) 62 (38; 30,46)
Emotional stress 190 (56; 51,62) 86 (52;45,60)
Caught an STI 26 (8;5,11) 9 (5;3,10)
Contracted HIV 2 (1;,0,2) 3 (2;05)
Fight 49 (14:;11,19) 15 (9;5,15)
Relationship broke up 30 (9;6,12) 6 (4;1,8)
Other 42 (12;9,16) 12 (7;4,12)
Reported to the police
No 336 (99;97,100) 163 (98;95,100)
Yes 3 (1;0,3) 3 (2;0,5)

Abbreviations: n=number; Cl=confidence interval; MSM=men who have sex with men;
mo=months; SOPV=sex on premises venue; GHB= Gamma-hydroxybutyrate; STI=sexually
transmitted infection; HIV=human immunodeficiency virus

Notes: ®one-sided, 97.5% confidence interval "Patients could select multiple options, to report
multiple events occurring, i.e. events are not mutually exclusive, therefore percentages do not sum
to 100. Percentages represent the proportion of participants who have reported the event. 64
women (19%) and 47 MSM (28%) were unsure as to whether or not their partner had used any
alcohol and/or other drugs and were removed from the analysis. 911 women (3%) and 6 MSM (4%)
were unsure as to whether or not they had used any alcohol and/or other drugs and were removed
from the analysis.

Data missing from up to 5% of female respondents and up to 3% of male respondents; proportions
are calculated using available data

216



9.6 Discussion

Although increasingly discussed in international media, there is little scientific research on non-
consensual removal of condoms, popularly termed ‘stealthing’. To our knowledge this is the first
study investigating how common stealthing is, the context in which it occurred, the impact on
individuals, and how those stealthed perceive the event. A surprising proportion of clients attending
a sexual health centre in Melbourne (32% of women and 19% of MSM) reported removal of a
condom in a situation where they would not have willingly engaged in sexual intercourse without

one - in other words, a violation of their consent (Brodsky 2017).

These data need to be interpreted in the context of a STI clinic population which is generally a
higher risk group than the general population. Our data show that 4% of women and 3% of MSM
presenting to our clinic during the study period were attending following a stealthing incident. This
equates to over 1200 consultations per year (Chow et al. 2014). These data suggest that stealthing is

common and should be considered when assessing patients in STI services.

Female respondents were less likely to be a current sex worker and MSM respondents were less
likely to be HIV positive, compared to non-respondents. It is possible that both sex workers and
HIV positive men were less likely to complete the survey due to privacy concerns, especially with
regards to condom use and their legal obligations, which vary state by state in Australia. In Victoria,
sex workers are legally required to use condoms with clients, and while those who are HIV positive
are not legally required to disclose their HIV status, they must take reasonable precautions to
prevent HIV transmission to those they are engaging in penetrative sex with (Kidd). Reasonable
precaution refers to correct use of condoms and lube during intercourse. While female sex workers
were less represented in respondents than non-respondents, 18% of participants were sex workers
and we still observed an association between being a sex worker and being more likely to be
stealthed. Low numbers of HIV positive men participating may have limited our ability to examine
any association between stealthing and HIV status. Lastly, both women and MSM who had been
overseas recently were more likely to respond to our survey. This may bias our findings towards
individuals who may have participated due to recent high risk sexual encounters, in the context of

overseas travel (Sundbeck et al. 2017).

Women who experienced stealthing were three times more likely to be sex workers compared to
those who had not. In the Law and Sex Worker Health (LASH) Survey conducted in Australia, 8%
of respondents reported assault by clients (Donovan 2012). However the LASH survey did not
compare rates of assault to the general population or differentiate between physical and sexual

assault, and only examined assault in the workplace. Perkins' (1991) research with Sydney-based
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brothel workers found that 20% of sex workers experienced rape while working. Outside the
workplace sex workers experienced higher levels of sexual assault compared with non-sex workers,
with 46.9% reporting rape, compared to 21.9% of health workers and 12.7% of students (Perkins).
Our data are consistent with these findings that sex workers are at increased risk of non-consensual

sex acts.

Sixty-seven percent of MSM who had experienced stealthing met the partner via geosocial dating
applications, for example Grindr, Tinder or Scruff. This is comparable to the number of MSM
meeting partners through dating applications (70%) (Chow et al. 2016). Sexual encounters initiated
online are more likely to include unprotected anal intercourse (Horvath et al. 2008), however it has
also been found that meeting partners online increases the likelihood of discussion between partners
of preferred sexual practices compared to meeting partners offline (Horvath et al. 2008; Carballo-
Diéguez et al. 2006). MSM who had been stealthed were twice as likely to report having anxiety or
depression. Depressive symptoms and anxiety are predictive of condom non-use (Lehrer et al.
2006) and higher levels of depression are related to lower levels of self-efficacy for sexual safety
(Alvy et al. 2011). MSM who have anxiety or depression may be vulnerable to stealthing for this

reason.

In this study, the majority of women (73%) believed the partner who had stealthed them to be under
the influence of alcohol and/or other drugs. In heterosexual relations, the link between alcohol
consumption and committal of sexual assault is well documented (Abbey 2002; Abbey et al. 2004).
Condom resistance tactics and sexual aggression with female partners are more commonly
employed by men with history of sexual aggression and alcohol intoxication (Davis et al. 2016;
Davis 2010). Additionally, both alcohol consumption (Rubin et al. 1976) and condom use
(Musacchio et al. 2006; Graham et al. 2006) have been associated with erectile dysfunction. Men
with erection issues are more likely to engage in unprotected sex, misuse condoms (Musacchio et
al. 2006; Graham et al. 2006), and are more likely to remove condoms before sex is over (p=0.001)
(Graham et al. 2006). Literature supports our finding that heterosexual men who have consumed
alcohol may be at increased risk of committing nonconsensual sex acts, and may be removing the

condom to maintain an erection.

Whilst the majority of those reporting stealthing considered it sexual assault, they were three times
less likely to consider stealthing sexual assault than those who had never experienced it. The US
National Crime Victimization Survey found 20% of female victim narratives contained excuses for
offenders’ behaviour, denials of injury, or justification of the incident as the victims’ fault (\Weiss

2009). This allowed the women to avoid the distress of labelling themselves victims of a crime, or
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their partners as criminals (Weiss 2009). Victims of stealthing may also not yet view themselves as
sexual assault victims as stealthing is a relatively new topic. Sexual assault is a term with many
connotations and there are cultural myths as to who is a ‘real’ sexual victim (Lievore 2003), with
the type of violence experienced influencing society’s view as to whether a woman is a victim
(Healicon 2016). Our current language around sexual assault (and in this case, stealthing) may
require expansion- until an act is named as assault it cannot be viewed as such, and cannot be
reported or legislated against (Grady 2017). A limitation of this study is that we did not ask
respondents why they did not consider stealthing to be sexual assault.

Stealthing has potentially serious consequences. The majority of patients reported consequences
following the stealthing incident, with over half experiencing emotional stress. Although literature
contains estimates as to the rate of STI and HIV transmission during sexual assault, it is difficult to
establish if an STI has been acquired from a specific event. The CDC guidelines recommend
testing all people for STIs following sexual assault (Jiang et al. 2015), with the caveat that many
positive tests will be from a pre-existing STI (Sachs et al. 2018). MSM patients with condom
malfunction or condom-less sex presenting in a 72 hour window fulfil criteria for HIV non-
occupational post exposure prophylaxis (McDougal et al. 2014; Pinkerton et al. 2004), and

therefore MSM who present reporting non-consensual condom removal should be prescribed it.

This study has several limitations. Firstly, this study was offered in English only, which means it
cannot be generalised to attendees who are not fluent in English. Secondly, this study may be
subject to responder bias, as those who have experienced stealthing may have been more likely to
answer the survey. Given this is a retrospective survey, participant responses may be subject to
recall bias, and specific contextual situational factors and outcomes were asked about one event
only for those stating it had happened on more than one occasion. While some participants within
our study attributed the acquisition of STIs to being stealthed, this cannot be verified. According to
attribution theory (Kelley 1967) following an adverse event people will make attributions to
understand and control their environment (Wong et al. 1981) , with situational factors often
exaggerated when there is a negative outcome (Heider 1958), and thus patients could be incorrectly

attributing contracting a STI to the stealthing event.

Despite these limitations, this study has a large sample size with over two thousand responses.
Accurate statistics describing the prevalence and incidence of sexual assault are difficult to obtain
since the majority of assaults are not reported to authorities and victims often do not access services
(Lievore 2003). Only 1% of patients reporting stealthing in this study reported the event to the

police. Although this study may be subject to recall bias, population surveys are the best means of
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learning the true extent and nature of these crimes, rather than relying on crime statistics. This is the

first study to describe how commonly this practice is occurring.

In summary, stealthing was commonly experienced by our clinic population, with a third of women
and a fifth of MSM reporting it, with situational contexts often involving alcohol and/or drugs in
women, and geosocial networking applications in MSM. Sex work was a clear risk factor identified
among women, and risk factors for MSM included anxiety and depression. Knowledge of these risk
factors can enable services to ask about stealthing in target groups and offer specific support and
counselling. Further community-based research would help determine the prevalence in the broader
population and studies that link behavioural measures to biological outcomes would help to
quantify the STI risk associated with this practice.
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10. Outlook and Concluding Remarks

10.1 Mycoplasma genitalium

10.1.1 General Discussion of Mycoplasma Genitalium

M.genitalium is bacterial ST1 that is becoming increasingly complex to treat due to increasing
antimicrobial resistance. The need to treat is also impacted by the lack of clarity around its natural
history. Since the introduction of commercial diagnostic assays, M.genitalium testing is now
increasingly available. As such, it has become increasingly important to examine the evidence
underpinning M.genitalium testing and treatment. This is of particular importance in MSM, as a
population at high risk of STIs, and in women, as the population most significantly affected by STI
sequelae. This thesis sought to determine the prevalence of M.genitalium in specific populations
and anatomical sites, and to define the contribution of M.genitalium to genital symptoms and

syndromes in women.

The systematic review and meta-analysis in Chapter Three provided the first estimates of the
prevalence of M.genitalium by anatomical site in MSM. Including data from 46 studies,
representing nearly 24,000 samples, we found the overall summary estimate for M.genitalium in
MSM to be 5.8% (95%CI: 4.5-7.3), with a prevalence of 6.2% (95%CI: 4.6-8.1) at the rectum, 5.0%
(95%Cl: 3.5-6.8) in the urethra and 1.0% (95%CI: 0.0-5.1; 1°=96.0) in the pharynx, though high
heterogeneity was recorded in most of the summary estimates. These data suggest the pharynx does
not play a significant role in the transmission of M.genitalium. Urethral and rectal M.genitalium
were more common in MSM with symptoms, supporting current recommendations that
M.genitalium testing should be undertaken in men with urethral symptoms, and suggesting that
M.genitalium is associated with rectal symptoms in MSM. M.genitalium was more common at the
urethra in MSM living with HIV, although whether this represented behavioural and/or biological
factors was not possible to determine. The highest prevalence estimates came from the Western
Pacific region, though there were limited studies from Africa, South East Asia and the Eastern
Mediterranean, potentially biasing regional estimates. Estimating the prevalence of M.genitalium in
MSM assists in providing an evidence base to inform testing and clinical practice, and highlights
the need for further research in this population, to understand the pathogenic role and natural history
of M.genitalium in MSM.

Chapter Four examined rectal co-infections of M.genitalium with C.trachomatis or N.gonorrhoeae
in MSM, as well as providing a prevalence estimate of pharyngeal- M.genitalium in MSM attending
our clinical service, Melbourne Sexual Health Centre. We found high rates of rectal coinfection,

with M.genitalium present in 13% (95%CI: 9-18) of MSM with rectal- C.trachomatis and 14%
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(95%CIl: 9-19) with rectal- N.gonorrhoeae. These findings indicate that 1 in 7 MSM infected with
rectal C.trachomatis or N.gonorrhoeae are co-infected with M.genitalium, and that a substantial
number of undiagnosed rectal M.genitalium infections are often inadvertently exposed to macrolide
antibiotics, which is likely to be contributing to increasing macrolide resistance. Pharyngeal-
M.genitalium was uncommonly detected in 2% (95%CI: 1-3) of MSM.

M.genitalium is a recognised cause of urethritis in men, however it has taken much longer for a
pathogenic role in women to be established. In Chapter 5, we determined estimates for the
prevalence of M.genitalium in women attending the Melbourne Sexual Health Centre, and
examined associations with self-reported symptoms and clinician reported signs. M.genitalium was
detected in 6% (95%Cl: 5%—8%) of women attending our service (n=1318), while C.trachomatis
was detected in 8% (95%Cl: 6-9). M.genitalium was not associated with any common genital
symptoms, which is helpful in informing additional indications for M.genitalium testing in women
at our service. In contrast, C.trachomatis was associated with self-reported vaginal discharge, and
dyspareunia in women with vulvovaginal candidiasis. M.genitalium was significantly associated
with cervicitis but no other clinical signs, providing support for routine testing for M.genitalium in
women with clinical signs of cervicitis on examination. C.trachomatis was associated with vaginal
discharge, mucopurulent cervicitis, and >5 PMNL/hpf on microscopy of vaginal secretions.
Importantly, 1 in 2 M.genitalium infections in women were macrolide-resistant, highlighting the
value of testing using assays which convey microbial susceptibilities, in order to individualise
therapy where possible. As recruitment occurred at a single sexual health clinic prevalence

estimates are not generalisable to the community.

While it has taken considerable time for the role of M.genitalium in PID to be recognised,
M.genitalium has been associated with a 2-fold increased odds of PID by meta-analysis (Lis et al.
2015). In Chapter Six we found that the most commonly reported symptom in women with PID and
M.genitalium was abdominal pain which occurred in 86% (95%CI: 77-92) of women. Our study did
not find clinically discernible differences between M.genitalium-PID and C.trachomatis-PID to
assist clinicians in differentiating between these two aetiological agents at presentation.
M.genitalium-PID was more likely to be associated with abdominal tenderness than C.trachomatis-
PID, but any clinical relevance of this finding is not unclear. Women with C.trachomatis-PID were
more likely to have post-coital bleeding and elevated cervico-vaginal PMNL counts, supporting the
role of C.trachomatis as an established cause of PID and morbidity. An important limitation of both
Chapters Five and Six is that outpatient sexual health services are likely to see milder presentations
of STI related symptoms and syndromes, compared to studies conducted at hospitals or emergency
services. Chapter Six showed that moxifloxacin is highly effective in achieving microbiological
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cure of M.genitalium in women with PID (95%), but that 2 in 5 women experienced predominantly
mild adverse effects. Since publication, moxifloxacin has been widely recommended for the
treatment of M.genitalium-PID, particularly in settings where fluoroquinolone resistance is not
common. This remains the largest case-series to date of M.genitalium-PID.

10.1.2 Implications for Clinical Practice

There were several implications for clinical practice identified through the studies presented in the

thesis.

Chapters Three and Five reported on the prevalence of M.genitalium, in MSM and women which
was comparable to C.trachomatis in these populations. The two STIs were found to be clinically
indistinguishable in women in Chapters Five and Six, in both women with milder symptoms, and
those with PID. While the two STIs have similarities in prevalence and presentation, screening for
M.genitalium is not recommended in any population or at any anatomical site, due to lack of
evidence regarding the natural history of M.genitalium and increasing complexities surrounding

treatment due to widespread antimicrobial resistance in M.genitalium.

Our data confirms that screening and testing are not indicated at the pharynx. Chapters Three and
Four both examined the prevalence of pharyngeal M.genitalium. The meta-analysis of seven
studies, all which used PCR assays, found the estimated prevalence to be 1.0% (95%CI: 0.0-5.1).
Chapter Four utilised a highly sensitive TMA assay, and found the pharyngeal prevalence of
M.genitalium amongst MSM presenting to a sexual health clinic to be 2% (95%CI: 1-3). This data
supports prior research in concluding that the pharynx is not a significant site of M.genitalium

infection.

There are several clinical situations in which testing for M.genitalium is recommended. Our meta-
analysis in Chapter Three found the highest prevalence of M.genitalium occurred at the rectum in
MSM, with a summary estimate of 6.1% (95%CI: 4.5-7.9), and prevalence was significantly higher
amongst men with rectal symptoms (p=0.039). Chapter Four also reported high rates of
M.genitalium rectal co-infection. M.genitalium testing at the rectum has been controversial, but
overall estimates for pooled data from published studies supports testing for M.genitalium infection
amongst men with symptoms of proctitis. These data do not inform whether first line testing or
testing in men with persistent symptoms who test negative for C.trachomatis and N.gonorrhoeae is
indicated. British and Australian guidelines currently contain this recommendation (ASHA 2020;
BASHH 2018), and do recommend testing in symptomatic men who have tested negative for

C.trachomatis and N.gonorrhoeae, or have persistent symptoms following treatment.
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Testing may also need to be prioritised in MSM living with HIV who have rectal or urethral
symptoms. In Chapter Three, urethral prevalence of M.genitalium was significantly higher among
MSM living with HIV compared to HIV-negative MSM (p=0.006). Chapter Four reported that
MSM with N.gonorrhoeae/M.genitalium rectal co-infection were significantly more likely to be
living with HIV, than those who had rectal N.gonorrhoeae monoinfection (OR 2.96, 95%Cl: 1.21-
7.26). Clinicians may have a higher burden of suspicion of M.genitalium infection amongst men
living with HIV, and may consider testing in the presence of other symptoms or clinical indications
for testing.

Testing for M.genitalium is currently recommended in women with cervicitis in a number of
international guidelines. Chapter Five reported that M.genitalium was not associated with specific
genitourinary symptoms in women, however we did confirm it was significantly associated with
cervicitis (AOR=4.38, 95%Cl: 1.69-11.33) in our clinic population. This study provided evidence
to support restricting testing to women presenting with cervicitis and not undertaking testing,

certainly first line, in women with common genital symptoms such as dysuria or vaginal discharge.

It is well documented that M.genitalium is becoming increasingly macrolide resistant. In Chapter
Five, we detected macrolide-resistance in 1 in 2 women. This data supports the need for
M.genitalium testing to be performed using an assay that conveys the resistance profile, to enable

first line use of resistance-guided therapy to avoid inappropriate use of antimicrobials.

Treatment of M.genitalium-PID is particularly important, as prompt treatment of PID can help
prevent long term sequelae. Although moxifloxacin has been recommended in international
guidelines for the treatment of M.genitalium-PID, the evidence to support this was generated by one
trial with three M.genitalium-PID cases (Ross et al. 2006). In Chapter Six, we showed that
moxifloxacin was a highly effective agent in treating M.genitalium-PID, with 95% (95%CI: 82-99)
of women achieving microbiological cure. Clinical cure (i.e. resolution of symptoms) was
statistically more common amongst women who received moxifloxacin, compared to standard PID
treatment (p=0.004). Although these data are limited to a case series, they confirm that
moxifloxacin should be prescribed in the treatment of M.genitalium-PID where available. It is
important to note 2 in 5 women had predominately mild adverse effects following moxifloxacin,

and therefore patients should be informed and monitored for side effects.

10.1.3 Areas for future research

There were several areas identified, in both the literature review and my studies, which will require

further investigation particularly around the prevalence and incidence of M.genitalium in specific
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populations, changes in antimicrobial resistance over time, and a better understanding of the

relationship between M.genitalium and HIV.

Prevalence of M.genitalium and of antimicrobial resistance needs to be continually assessed through
the development of surveillance programmes which can inform timely changes in treatment
strategies in specific populations. In regional prevalence estimates in Chapter Three, there was a
deficiency of studies from Africa, South East Asia and the Eastern Mediterranean, which may have
biased regional prevalence estimates. Studies of MSM in these regions have been limited due to
sociocultural and legal constraints, and further research is required before true prevalence can be
determined in these locations.

As noted above, pharyngeal M.genitalium infection was uncommon. It was unclear if the low
positivity reflected passive infection/deposition, rather than active infection as has been

hypothesized for pharyngeal- C.trachomatis. Further investigation could establish whether the
pharynx is a site of low, but active M.genitalium infection, or whether M.genitalium has been

detected at the pharynx following passive deposition only.

Strong evidence exists for the relationship between M.genitalium and non-gonococcal urethritis,
PID and cervicitis. However Chapter Two highlighted the need for further evidence to establish the
association between M.genitalium and proctitis, but also balanitis, posthitis, prostatitis, epididymitis
and infertility in men, and important sequelae in women such as preterm birth, spontaneous
abortion, stillbirth, ectopic pregnancy and infertility. Chapter Five describes the association between
M.genitalium and cervicitis; it was noted in the discussion the lack of consistent criteria for the
diagnoses of cervicitis and urethritis in women in both guidelines and the published literature. This
is of relevance, as it impacts on the validity of studies using variable cut-offs, and limits the
comparability of prior and future research. Our study in Chapter Five reflected M.genitalium
symptoms in women attending STI clinics and outpatient services; further research should be
conducted amongst those attending hospital services, to assess M.genitalium’s capacity to cause

symptoms of greater severity, particularly severe PID.

Chapter Six described the largest published case series of M.genitalium-PID. While there is strong
evidence regarding the association between M.genitalium and PID, rates of long-term sequalae such
as ectopic pregnancy and chronic pelvic pain following M.genitalium-PID are limited. Given the
difficulty in effectively treating M.genitalium, and early treatment a factor in helping preventing
serious sequalae, this is priority area for future research. This study highlighted that in spite of being

recommended by most international guidelines, there are limited data supporting the use of
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moxifloxacin for M.genitalium-PID. While we found it to be highly effective, further higher level
evidence is required to support our findings.

There are limited data on the relationship between M.genitalium and HIV. It was noted throughout
the thesis that although there is an established relationship between these infections, the temporality
and nature of the relationship remains to be defined. Further research is needed to conclude whether
this relationship represents behavioural and/or biological factors. This relationship should be
examined particularly in populations at risk of HIV, such as MSM. Chapter Three noted a meta-
analysis on HIV and M.genitalium contained only two studies specific to MSM. In Chapter Four,
we observed that rectal M.genitalium/N.gonorrhoeae co-infection was more common amongst
individuals living with HIV. We could not assess this association amongst patients with

C.trachomatis, and this relationship could be examined by further research.

Overall and importantly, there is a lack of knowledge around the natural history of M.genitalium
infection in men and women, particularly asymptomatic M.genitalium infection. Filling this
knowledge gap could allow for a ‘no treatment’ option or a ‘wait and watch’ approach when
M.genitalium is detected. This may become increasingly necessary in some populations given
M.genitalium has shown marked a propensity for development of antimicrobial resistance. The
development of the next generation of resistance assays will promote more appropriate use of
antibiotics in the future (Nijhuis et al. 2015). Assays will have to continually adapt, as additional

mutations to existing and new agents are identified.
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10.2 ‘Stealthing’

10.2.1 General Discussion of ‘Stealthing’

Although increasingly discussed in international media, there is very little research on ‘stealthing’.
To my knowledge this is the first study investigating the proportion of individuals who have
experienced it, the context in which it occurred and the alleged outcomes such as stress and STI
acquisition. ‘Stealthing’ was common amongst clients attending Melbourne Sexual Health Centre,
with 32% of women (n=1189) and 19% of MSM (n=1063) reporting removal of a condom in a
situation where they would not have willingly engaged in sexual intercourse without one.
Situational contexts often involved alcohol and/or drugs where women were ‘stealthed’, and
undertaking sex work was a significant risk factor among women. Amongst MSM, geosocial
networking applications were commonly how MSM met the person who ‘stealthed’ them, and risk
factors included anxiety and depression. These data need to be interpreted in the context of a STI
clinic population being a higher risk group than the general population.

10.2.2 Implications for Clinical Practice

Several implications for clinical practice were identified during the course of the study. Our study
reported that of those who had experienced ‘stealthing’, 4% of women and 3% of MSM presented
to the clinic directly following a ‘stealthing’ incident. These data suggest that ‘stealthing’ is not
uncommon amongst patients attending our service, and likely other similar sexual health services.
Clinicians at our practice and other sexual health practices, should consider the possibility of
patients presenting following ‘stealthing’, particularly with patients in high-risk groups, such as sex

workers.

When it is known that a patient is presenting following an incident of ‘stealthing’, clinicians should
consider referral to counselling services, as over 50% of those who had been ‘stealthed’ in our study
reported emotional distress following the incident. Clinicians should also consider STI screening.
While STI transmission was reported in our study, this data could not be confirmed and may be
subject to recall bias. STI transmission following sexual assault is uncommon, however patients
presenting could be offered opportune STI screening. Clinicians may also consider the need for
HIV non-occupational post exposure prophylaxis in MSM presenting following stealthing. MSM
who have experienced condom malfunction or condom-less sex presenting in the 72 hours prior to
presentation fulfil the criteria for HIV non-occupational post exposure prophylaxis. Therefore,
MSM who present following a ‘stealthing’ incident within this timeframe should be prescribed

PrEP, in accordance with the guidelines.
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10.2.3 Areas for future research

The initial literature search revealed several areas requiring further research, particularly in the field
of consent. The literature concerning consent has predominately been conducted using the
framework of sexual script theory, developed in the 1970’s, with the man as the initiator and the
woman as the receiver of sex (Gagnon et al. 1973). While this has been a useful framework, sexual
attitudes rapidly evolve, and this theory requires regular assessment as to its current validity in the
twenty-first century amongst heterosexuals. Further research on sexual initiation and consent is
required amongst groups that are excluded by sexual script theory, such as MSM, WSW, and other
non-cis identifying partners. Majority of research exploring sexual initiation and consent has
focused on college students, meaning the research needs further testing in a more age diverse
population (Hickman et al. 1999; McCormick 1979). The literature concerning consent has also
predominately viewed consent as a static process, with few papers referring to consent as an
evolving process, or as an evaluation of a partners’ behaviour as it progresses throughout a sexual
encounter. Further research is required to understand consent in a realistic manner, as it progresses

throughout a sexual encounter.

Stealthing is a recently described sexual practice, with our study the first to examine how
commonly it occurs amongst Melbourne Sexual Health Centre attendees, and further investigation
is required to confirm the validity of our findings. Our study was conducted amongst a potentially
high risk population. Research should be conducted amongst varied populations in the general
community to ascertain the true prevalence of this practice. Our study examined situational factors
associated with ‘stealthing’ incidents. However, some incidents were not recent, and may have been
subject to recall bias. Further research should be conducted on the risk factors for ‘stealthing’,

which may also vary in other populations.

Continued research is required into the consequences of ‘stealthing’. While some participants
within our study attributed the acquisition of STIs to being ‘stealthed’, this could not be verified.
This may be difficult to ascertain due to recall biases and attribution biases, however given the
potential for serious consequences following ‘stealthing’, efforts should be made to ascertain this
data. Further community-based research would help link behavioural measures to biological

outcomes, and would help to quantify the STI risk associated with this practice.

Our study did not have the capacity to examine why men may ‘stealth’ someone. While prior
literature suggests it is for birth control sabotage or intentional HIV transmission, anecdotal

evidence and the sheer prevalence of this act suggest otherwise. Future research should focus on
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determining why someone may do this, as understanding an individual’s motivations will aid in the

development of prevention strategies.
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10.3 Thesis conclusion

The studies in this thesis contribute to the literature on two emerging issues in sexual health;
M.genitalium, a relatively recently discovered STI, and ‘stealthing’, a recently discussed sexual
practice. As part of my thesis | conducted a meta-analysis on the prevalence of M.genitalium in
MSM; an investigation as to the prevalence of M.genitalium in the pharynx of MSM; a study
determining rates of M.genitalium co-infection with C.trachomatis and N.gonorrhoeae at the
rectum in MSM; an examination of the prevalence and genitourinary features of M.genitalium in
women; and exploration of M.genitalium-PID and effective treatment. In addition, | conducted the
first study to estimate the prevalence of ‘stealthing” and associated risk factors. My body of work
highlights the importance continual repletion of research in sexual health, as a dynamic and ever
evolving area, dependent on societal practices and changing patterns of diseases. M.genitalium is
increasingly complex to treat due to the lack of clarity around its natural history, and widespread
microbial resistance, with rates of resistance changing rapidly. ‘Stealthing’ was a previously
undescribed phenomenon in the medical literature, and clinicians should be aware of changing
practices, in order to provide optimal care for patients. Overall, my thesis has contributed to the
international literature on the contribution of M.genitalium to clinical presentations in men and
women, including PID and co-infection, and provides the first estimates of ‘stealthing’ in a large

population of sexual health attendees.

231



References
Abbey, Antonia. 2002. 'Alcohol-related sexual assault: a common problem among college students,

Journal of Studies on Alcohol, Supplement: 118-128.

Abbey, Antonia, and Pam McAuslan. 2004. 'A Longitudinal Examination of Male College Students'
Perpetration of Sexual Assault’, Journal of Consulting and Clinical Psychology, 72: 747-
756.

Abbey, Antonia, Christopher Saenz, and Philip O. Buck. 2005. 'The cumulative effects of acute
alcohol consumption, individual differences and situational perceptions on sexual decision
making', Journal of Studies on Alcohol, 66: 82-90.

"ALRC Report 114." In. 2010. edited by Australian Law Reform Commission. Canberra, Australia:
Australian Government.

Alvy, Lisa M., David J. McKirnan, Gordon Mansergh, Beryl Koblin, Grant N. Colfax, Stephen A.
Flores, Sharon Hudson, and Project MIX Study Group. 2011. 'Depression is Associated with
Sexual Risk Among Men Who Have Sex with Men, but is Mediated by Cognitive Escape
and Self-Efficacy’, AIDS and Behavior, 15: 1171-1179.

Amaro, H. 1995. 'Love, sex, and power. Considering women's realities in HIV prevention’, Am
Psychol, 50: 437-447.

Amin, Ashok R., Mukundan G. Attur, Geeta D. Thakker, Prakash D. Patel, Pranav R. Vyas,

Rajesh N. Patel, Indravadan R. Patel, and Steven B. Abramson. 1996. 'A novel mechanism
of action of tetracyclines: Effects on nitric oxide synthases', Proceedings of the National
Academy of Sciences, 93: 14014-14019.

Anagrius, C., B. Lore, and J. S. Jensen. 2005. 'Mycoplasma genitalium: prevalence, clinical

significance, and transmission’, Sex Transm Infect, 81: 458-462.

. 2011. 'LBO-1.4 Increasing macrolide resistance in Mycoplasma genitalium’, Sexually

Transmitted Infections, 87: A351-A351.

Andersen, B., I. Sokolowski, L. Ostergaard, J. Kjolseth Moller, F. Olesen, and J. S. Jensen. 2007.
'Mycoplasma genitalium: prevalence and behavioural risk factors in the general population’,
Sexually Transmitted Infections, 83: 237-241.

Anderson, J. R. 1995. 'Genital tract infections in women', Med Clin North Am, 79: 1271-1298.

Arréiz, R. N., S. Colina Ch, J. R. Marcucci, G. N. Ronddn, S. F. Reyes, P. V. Bermldez, and F. Z.

Romero. 2008. '[Mycoplasma genitalium detection and correlation with clinical

manifestations in population of the Zulia State, Venezuela]', Rev Chilena Infectol, 25: 256-

261.

232



ASHA. 2016. 'PID - Pelvic inflammatory disease’, The Australian Government Department of

Health. http://www.sti.quidelines.org.au/syndromes/pid-pelvic-inflammatory-

disease#fmanagement.

. 2018. "The Australian STI Management Guidelines; Mycoplasma genitalium.” In, edited
by Australian Sexual Health Alliance.

. 2020. "MSM - Men who have sex with men." In, edited by Australian STI Management

Guidelines.

Ashshi, Ahmed Mohamed, Sarah Abdullah Batwa, Seham Yahia Kutbi, Faizah Ahmed Malibary,
Mohamed Batwa, and Bassem Refaat. 2015. 'Prevalence of 7 sexually transmitted organisms
by multiplex real-time PCR in Fallopian tube specimens collected from Saudi women with
and without ectopic pregnancy’, BMC Infectious Diseases, 15: 569.

"Assange v Swedish Prosecution Authority.” In. 2011. C0/1925/2011, edited by England and Wales
High Court (Administrative Court) Decisions 2849. London: High Court of Justice, Queen's
Bench Division, Divisional Court.

"Barbara A. Vs John G. ." In. 1983. Civ. No. 50953, edited by First Appellate District Court of
Appeals of California, Division Three.

Baseman, J. B., M. Cagle, J. E. Korte, C. Herrera, W. G. Rasmussen, J. G. Baseman, R. Shain, and
J. M. Piper. 2004. 'Diagnostic assessment of Mycoplasma genitalium in culture-positive
women', Journal of Clinical Microbiology, 42: 203-211.

BASHH. 2018. "Update on the treatment of Chlamydia trachomatis (CT) infection."” In, edited by
BASHH CLINICAL EFFECTIVENESS GROUP. UK.

BASHH, S. Soni, P. Horner, M. Rayment, N. Pinto-Sander, N. Naous, A. Parkhouse, D. Bancroft,
C. Patterson, and H. Fifer. 2018. "British Association for Sexual Health and HIV national
guideline for the management of infection with Mycoplasma genitalium (2018) " In, edited
by BASHH.

Baumann, Lukas, Manuel Cina, Dianne Egli-Gany, Myrofora Goutaki, Florian S Halbeisen, Gian-
Reto Lohrer, Hammad Ali, Pippa Scott, and Nicola Low. 2018. 'Prevalence of Mycoplasma
genitalium in different population groups: systematic review andmeta-analysis', Sexually
Transmitted Infections, 94: 255-262.

Bebear, C. M., H. Renaudin, A. Bryskier, and C. Bebear. 2000. 'Comparative activities of
telithromycin (HMR 3647), levofloxacin, and other antimicrobial agents against human
mycoplasmas’, Antimicrob Agents Chemother, 44: 1980-1982.

Beres, Melanie. 2010. 'Sexual miscommunication? Untangling assumptions about sexual

communication between casual sex partners', Culture, Health & Sexuality, 12: 1-14.

233


http://www.sti.guidelines.org.au/syndromes/pid-pelvic-inflammatory-disease#management
http://www.sti.guidelines.org.au/syndromes/pid-pelvic-inflammatory-disease#management

Beres, Melanie A., Edward Herold, and Scott B. Maitland. 2004. 'Sexual Consent Behaviors in
Same-Sex Relationships', Archives of Sexual Behavior, 33: 475-486.

Beres, Melanie A., Charlene Y. Senn, and Jodee McCaw. 2014. 'Navigating Ambivalence: How
Heterosexual Young Adults Make Sense of Desire Differences’, The Journal of Sex
Research, 51: 765-776.

Bergmann, J.N, and J.K Stockman. 2015. 'How does intimate partner violence affect condom and
oral contraceptive Use in the United States?', Contraception, 91: 438-455.

Bertino, J., Jr., and D. Fish. 2000. 'The safety profile of the fluoroquinolones', Clin Ther, 22: 798-
817; discussion 797.

Bird, Sheryl Thorburn, S. Marie Harvey, Linda J. Beckman, Christa H. Johnson, and Partners
Project The. 2001. 'Getting your partner to use condoms: Interviews with men and women at
risk of HIV/STDs', The Journal of Sex Research, 38: 233-240.

Bissessor, M., S. N. Tabrizi, C. S. Bradshaw, C. K. Fairley, J. S. Hocking, S. M. Garland, J. Twin,
M. Poljak, J. Peel, and M. Y. Chen. 2016a. 'The contribution of Mycoplasma genitalium to
the aetiology of sexually acquired infectious proctitis in men who have sex with men’, Clin
Microbiol Infect, 22: 260-265.

Bissessor, M., S. N. Tabrizi, J. Twin, H. Abdo, C. K. Fairley, M. Y. Chen, L. A. Vodstrcil, J. S.
Jensen, J. S. Hocking, S. M. Garland, and C. S. Bradshaw. 2015a. '‘Macrolide resistance and
azithromycin failure in a Mycoplasma genitalium-infected cohort and response of
azithromycin failures to alternative antibiotic regimens’, Clinical Infectious Diseases, 60:
1228-1236.

Bjartling, C., S. Osser, and K. Persson. 2010. 'The association between Mycoplasma genitalium and

pelvic inflammatory disease after termination of pregnancy’, BJOG, 117: 361-364.

. 2012. 'Mycoplasma genitalium in cervicitis and pelvic inflammatory disease among
women at a gynecologic outpatient service', American Journal of Obstetrics and
Gynecology, 206: 476.

Bjornelius, E., C. Anagrius, G. Bojs, H. Carlberg, G. Johannisson, E. Johansson, H. Moi, J. S.
Jensen, and P. Lidbrink. 2008. 'Antibiotic treatment of symptomatic Mycoplasma genitalium
infection in Scandinavia: a controlled clinical trial’, Sex Transm Infect, 84: 72-76.

Blanchard, A., and C. Bebear. 2011. 'The evolution of Mycoplasma genitalium’, Ann N'Y Acad Sci,
1230: E61-64.

Blechner, Mark J. 2002. 'Intimacy, Pleasure, Risk, and Safety: Discussion of Cheuvront's “High-

Risk Sexual Behavior in the Treatment of HIVV-Negative Patients™, Journal of Gay &

Lesbian Psychotherapy, 6: 27-33.

234



Boothby, M., J. Page, R. Pryor, and J. D. Ross. 2010. ‘A comparison of treatment outcomes for
moxifloxacin versus ofloxacin/metronidazole for first-line treatment of uncomplicated non-
gonococcal pelvic inflammatory disease’, Int J STD AIDS, 21: 195-197.

Bortot, Andrea T., William L. Risser, and Polly F. Cromwell. 2006. '‘Condom Use in Incarcerated
Adolescent Males: Knowledge and Practice’, Sexually Transmitted Diseases, 33.

Bradshaw, C. S., C. K. Fairley, N. A. Lister, S. J. Chen, S. M. Garland, and S. N. Tabrizi. 2009.
'‘Mycoplasma genitalium in men who have sex with men at male-only saunas’, Sexually
Transmitted Infections, 85: 432-435.

Bradshaw, C. S., J. S. Jensen, S. N. Tabrizi, T. R. Read, S. M. Garland, C. A. Hopkins, L. M. Moss,
and C. K. Fairley. 2006a. 'Azithromycin failure in Mycoplasma genitalium urethritis',
Emerging Infectious Diseases, 12: 1149-1152.

Bradshaw, C. S., S. N. Tabrizi, T. R. Read, S. M. Garland, C. A. Hopkins, L. M. Moss, and C. K.
Fairley. 2006b. 'Etiologies of nongonococcal urethritis: bacteria, viruses, and the association
with orogenital exposure’, Journal of Infectious Diseases, 193: 336-345.

Brennan, Joseph. 2017. 'Stealth breeding: bareback without consent’, Psychology & Sexuality, 8:
318-333.

Broad, Claire Elizabeth, Emma Harding-Esch, Mark Harrison, Marcus James Pond, Ngeekeong
Tan, Sandra Okala, Clare Soares, Sebastian Fuller, and Syed Tariq Sadig. 2017. 'O12.2 Co-
infection and macrolide antimicrobial resistance (AMR) of mycoplasma genitalium with
neisseria gonorrhoeae and chlamydia trachomatis, in females, heterosexual males, and men-
who-have-sex-with-men’, Sexually Transmitted Infections, 93: A27.

Brodsky, A. 2017. "'Rape-Adjacent™: Imaging Legal Responses to Nonconsensual Condom
Removal’, Columbia Journal of Gender and Law, 32: 183-210.

Brotman, Rebecca M., Mark A. Klebanoff, Tonja R. Nansel, Kai F. Yu, William W. Andrews, Jun
Zhang, and Jane R. Schwebke. 2010. 'Bacterial vaginosis assessed by gram stain and
diminished colonization resistance to incident gonococcal, chlamydial, and trichomonal
genital infection’, The Journal of infectious diseases, 202: 1907-1915.

Burgos, R., O. Q. Pich, M. Ferrer-Navarro, J. B. Baseman, E. Querol, and J. Pinol. 2006.
'Mycoplasma genitalium P140 and P110 cytadhesins are reciprocally stabilized and required
for cell adhesion and terminal-organelle development', Journal of Bacteriology, 188: 8627-
8637.

Burnett, A. M., C. P. Anderseon, and M. D. Zwank. 2012. ‘Laboratory-confirmed gonorrhea and/or
chlamydia rates in clinically diagnosed pelvic inflammatory disease and cervicitis.', Am J
Emerg Med, 30: 1114-1117.

235



Byers, E. Sandra, and Larry Heinlein. 1989. 'Predicting initiations and refusals of sexual activities
in married and cohabiting heterosexual couples', The Journal of Sex Research, 26: 210-231.

Callander, Denton, Christopher Bourne, Cathy Pell, Robert Finlayson, Bradley Forssman, David
Baker, John de Wit, Jane Hocking, Mark Stoove, Basil Donovan, John Kaldor, and Rebecca
Guy. 2015. 'Recording the sexual orientation of male patients attending general practice’,
Family Practice, 32: 35-40.

Callander, Denton, Su Hyun Park, Yazan A. Al-Ajlouni, John A. Schneider, Maria R. Khan, Steven
A. Safren, and Dustin T. Duncan. 2019. 'Condomless Group Sex Is Associated With HIV
Pre-Exposure Prophylaxis Knowledge and Interest Uptake: A Cross-Sectional Study of Gay
and Bisexual Men in Paris, France', AIDS education and prevention : official publication of
the International Society for AIDS Education, 31: 127-135.

Calzavara, L. 2003. 'Delayed Application of Condoms Is a Risk Factor for Human
Immunodeficiency Virus Infection among Homosexual and Bisexual Men', American
Journal of Epidemiology, 157: 210-217.

Carballo-Diéguez, Alex, Michael Miner, Curtis Dolezal, B. R. Simon Rosser, and Scott Jacoby.
2006. 'Sexual Negotiation, HIV-Status Disclosure, and Sexual Risk Behavior Among Latino
Men Who Use the Internet to Seek Sex with Other Men', Archives of Sexual Behavior, 35:
473-481.

Carbon, C. 2001. 'Comparison of Side Effects of Levofloxacin versus Other Fluoroquinolones',
Chemotherapy, 47(suppl 3): 9-14.

Carter, James A., Lily D. McNair, Wlliam R. Corbin, and Michelle Wiliams. 1999. 'Gender
differences related to heterosexual condom use: The influence of negotiation styles’, Journal
of Sex & Marital Therapy, 25: 217-225.

Casin, I., D. Vexiau-Robert, P. De La Salmoniere, A. Eche, B. Grandry, and M. Janier. 2002. 'High
prevalence of Mycoplasma genitalium in the lower genitourinary tract of women attending a
sexually transmitted disease clinic in Paris, France', Sex Transm Dis, 29: 353-359.

Cassell, J. A, C. H. Mercer, J. Imrie, A. J. Copas, and A. M. Johnson. 2006. 'Who uses condoms
with whom? Evidence from national probability sample surveys', Sexually Transmitted
Infections, 82: 467-473.

CDC. 2015. "Sexually Transmitted Diseases Treatment Guidelines MMWR Recomm Rep " In, 1-
1137.

Chappell, C. A., and H. C. Wiesenfeld. 2012. 'Pathogenesis, diagnosis, and management of severe
pelvic inflammatory disease and tuboovarian abscess', Clin Obstet Gynecol, 55: 893-903.

Chen, L. S., J. R. Wu, B. Wang, T. Yang, R. Yuan, Y. Y. Zhao, J. S. Xu, H. X. Guo, and X. P.
Huan. 2015. 'Epidemiology of Mycoplasma acquisition in male HIV-1 infected patients: a

236



multistage cross-sectional survey in Jiangsu, China', Epidemiology & Infection, 143: 3327-
3334.

Chernesky, M. A., D. Jang, I. Martin, L. M. N. Hoang, P. Naidu, P. N. Levett, J. Wylie, A.
Rebbapragada, S. Ratnam, M. Smieja, B. Weinbaum, and D. Getman. 2017. 'Mycoplasma
genitalium antibiotic resistance-mediating mutations in canadian women with or without
chlamydia trachomatis infection’, Sexually Transmitted Diseases, 44: 433-435.

Chow, E. P., Cornelisse, T. R. H. Read, J. S. Hocking, S. Walker, M. Y. Chen, C. S. Bradshaw, and
C. K. Fairley. 2016. 'Risk practices in the era of smartphone apps for meeting partners: a
cross-sectional study among men who have sex with men in Melbourne, Australia. ', AIDS
Patients Care and STDs, 4: 151-154.

Chow, E. P., G. Fehler, M. Y. Chen, C. S. Bradshaw, I. Denham, M. G. Law, and C. K. Fairley.
2014. 'Testing commercial sex workers for sexually transmitted infections in Victoria,
Australia: an evaluation of the impact of reducing the frequency of testing’, PLOS ONE, 9:
e103081.

Chrisment, D., A. Charron, C. Cazanave, S. Pereyre, and C. Bebear. 2012. 'Detection of macrolide
resistance in Mycoplasma genitalium in France', J Antimicrob Chemother, 67: 2598-2601.

Christopher, F. Scott, and Michela M. Frandsen. 1990. 'Strategies of Influence in Sex and Dating’,
Journal of Social and Personal Relationships, 7: 89-105.

Clarivet, B., E. Picot, H. Marchandin, V. Tribout, N. Rachedi, E. Schwartzentruber, B. Ledesert, O.
Dereure, B. Guillot, and M. C. Picot. 2014. 'Prevalence of Chlamydia trachomatis, Neisseria
gonorrhoeae and Mycoplasma genitalium in asymptomatic patients under 30 years of age
screened in a French sexually transmitted infections clinic', European Journal of
Dermatology, 24: 611-616.

Clausen, H. F., J. Fedder, M. Drasbek, P. K. Nielsen, B. Toft, H. J. Ingerslev, S. Birkelund, and G.
Christiansen. 2001. 'Serological investigation of Mycoplasma genitalium in infertile
women', Hum Reprod, 16: 1866-1874.

Clutterbuck, Dan, David Asboe, Tristan Barber, Carol Emerson, Nigel Field, Stuart Gibson,
Gwenda Hughes, Rachael Jones, Martin Murchie, Achyuta V Nori, Michael Rayment, and
Ann Sullivan. 2016. '2016 United Kingdom national guideline on the sexual health care of
men who have sex with men’, International Journal of STD & AIDS, 0: 0956462417746897.

Cohen, C. R., L. E. Manhart, E. A. Bukusi, S. Astete, R. C. Brunham, K. K. Holmes, S. K. Sinei, J.
J. Bwayo, and P. A. Totten. 2002. 'Association between Mycoplasma genitalium and acute
endometritis', Lancet, 359: 765-766.

237



Cohen, C. R., N. R. Mugo, S. G. Astete, R. Odondo, L. E. Manhart, J. A. Kiehlbauch, W. E.
Stamm, P. G. Waiyaki, and P. A. Totten. 2005. 'Detection of Mycoplasma genitalium in
women with laparoscopically diagnosed acute salpingitis', Sex Transm Infect, 81: 463-466.

Cohen, C. R., M. Nosek, A. Meier, S. G. Astete, S. Iverson-Cabral, N. R. Mugo, and P. A. Totten.
2006. 'Mycoplasma genitalium infection and persistence in a cohort of female sex workers
in Nairobi, Kenya', Sex Transm Dis, 34: 274-279.

Coker, Tumaini R., S. Bryn Austin, and Mark A. Schuster. 2010. 'The Health and Health Care of
Lesbian, Gay, and Bisexual Adolescents', Annual Review of Public Health, 31: 457-477.

Contini, Carlo, John C. Rotondo, Federica Magagnoli, Martina Maritati, Silva Seraceni, Angela
Graziano, Alice Poggi, Roberta Capucci, Fortunato Vesce, Mauro Tognon, and Fernanda
Martini. 2019. 'Investigation on silent bacterial infections in specimens from pregnant
women affected by spontaneous miscarriage’, Journal of Cellular Physiology, 234: 100-107.

Copen, C.E. 2017. "Condom Use During Sexual Intercourse Among Women and Men Aged 15-44
in the United States: 2011-2015 National Survey of Family Growth; National Health
Statistic Reports No 105." In, edited by Centers for Disease Control and Prevention National
Center for Health Statistics; U.S. DEPARTMENT OF HEALTH AND HUMAN
SERVICES.

Cornelisse, V. J., E. P. Chow, S. Huffam, C. K. Fairley, M. Bissessor, V. De Petra, B. P. Howden, I.
Denham, C. S. Bradshaw, D. Williamson, and M. Y. Chen. 2017. 'Increased Detection of
Pharyngeal and Rectal Gonorrhea in Men Who Have Sex With Men After Transition From
Culture To Nucleic Acid Amplification Testing', Sexually Transmitted Diseases, 44: 114-
117.

Cosentino, L. A., T. Campbell, A. Jett, I. Macio, T. Zamborsky, R. D. Cranston, and S. L. Hillier.
2012. 'Use of nucleic acid amplification testing for diagnosis of anorectal sexually
transmitted infections’, Journal of Clinical Microbiology, 50: 2005-2008.

Couldwell, D. L., D. Jalocon, M. Power, N. J. Jeoffreys, S. C. Chen, and D. A. Lewis. 2018.
'Mycoplasma genitalium: high prevalence of resistance to macrolides and frequent anorectal
infection in men who have sex with men in western Sydney', Sexually Transmitted
Infections, 22: 22.

Couldwell, D. L., K. A. Tagg, N. J. Jeoffreys, and G. L. Gilbert. 2013. 'Failure of moxifloxacin
treatment in Mycoplasma genitalium infections due to macrolide and fluoroguinolone
resistance’, Int J STD AIDS, 24: 822-828.

Cox, C., A. P. Watt, J. P. McKenna, and P. V. Coyle. 2016. 'Mycoplasma hominis and Gardnerella
vaginalis display a significant synergistic relationship in bacterial vaginosis', Eur J Clin
Microbiol Infect Dis, 35: 481-487.

238



. 2017. 'Gardnerella vaginalis and Mollicute detection in rectal swabs from men who have

sex with men’, International Journal of STD & AIDS, 28: 708-714.

Creswell, J., M. E. Guardado, J. Lee, A. I. Nieto, A. A. Kim, E. Monterroso, and G. Paz-Bailey.
2012. 'HIV and STI control in El Salvador: results from an integrated behavioural survey
among men who have sex with men’, Sexually Transmitted Infections, 88: 633-638.

Croshy, R., R. Milhausen, S. A. Sanders, C. A. Graham, and W. L. Yarber. 2008a. Two heads are
better than one: the association between condom decision-making and condom use errors
and problems’, Sex Transm Infect, 84: 198-201.

Crosby, R., L. F. Salazar, R. J. DiClemente, W. L. Yarber, A. M. Caliendo, and M. Staples-Horne.
2007. 'Condom misuse among adjudicated girls: associations with laboratory-confirmed
chlamydia and gonorrhea’, J Pediatr Adolesc Gynecol, 20: 339-343.

Crosby, R., W. L. Yarber, S. A. Sanders, C. A. Graham, and J. N. Arno. 2008b. 'Slips, breaks and
'falls’: condom errors and problems reported by men attending an STD clinic’, Int J STD
AIDS, 19: 90-93.

D'Anna, L. H., A. D. Margolis, L. Warner, O. A. Korosteleva, L. O'Donnell, C. A. Rietmeijer, J. D.
Klausner, W. Nomura, C. K. Malotte, and Group Safe City Study. 2012. 'Condom use
problems during anal sex among men who have sex with men (MSM): findings from the
Safe in the City study’, AIDS Care, 24: 1028-1038.

da Costa, F. A., R. C. da Silva, L. B. Arruda, P. Montanheiro, A. J. da Silva Duarte, and J. Casseb.
2010. 'Prevalence of Mycoplasma genitalium among HIV-infected men in Sao Paulo city
detected by realtime polymerase chain reaction’, International Journal of STD & AIDS, 21:
23-25.

Das, K., G. De la Garza, E. B. Siwak, V. L. Scofield, and S. Dhandayuthapani. 2014. 'Mycoplasma
genitalium promotes epithelial crossing and peripheral blood mononuclear cell infection by
HIV-1', Int J Infect Dis, 23: 31-38.

Davila, Y., and H. Brackley. 1999. 'Mexican and Mexican American Women in a Battered
Women's Shelter: Barriers to Condom Negotiation for HIVV/AIDS Prevention’, Issues in
Mental Health Nursing, 20: 333-355.

Davis, K. C. 2010. 'The influence of alcohol expectancies and intoxication on men's aggressive
unprotected sexual intentions', Exp Clin Psychopharmacol, 18: 418-428.

Davis, Kelly Cue, Cinnamon L. Danube, Elizabeth C. Neilson, Cynthia A. Stappenbeck, Jeanette
Norris, William H. George, and Kelly F. Kajumulo. 2016. 'Distal and Proximal Influences
on Men’s Intentions to Resist Condoms: Alcohol, Sexual Aggression History, Impulsivity,
and Social-Cognitive Factors', AIDS and Behavior, 20: 147-157.

239



Davis, Kelly Cue, Cynthia A. Stappenbeck, Jeanette Norris, William H. George, Angela J. Jacques-
Tiura, Trevor J. Schraufnagel, and Kelly F. Kajumulo. 2014. "Young Men's Condom Use

Resistance Tactics: A Latent Profile Analysis', The Journal of Sex Research, 51: 454-465.
Dayan, L. 2006. 'Pelvic inflammatory disease’, Aust Fam Physician, 35: 858-862.

de Jong, A. S., J. C. Rahamat-Langendoen, P. van Alphen, N. Hilt, C. van Herk, S. Pont, W.

Melchers, and J. van de Bovenkamp. 2016. ‘Large two-centre study into the prevalence of

Mycoplasma genitalium and Trichomonas vaginalis in the Netherlands', International
Journal of STD & AIDS, 27: 856-860.

Deguchi, and S. Maeda. 2002a. 'Mycoplasma Genitalium: Another important pathogen of
nongonococcal urethritis’, The Journal of Urology, 167: 1210-1217.
Deguchi, T., M. Kikuchi, M. Yasuda, and S. Ito. 2015. 'Sitafloxacin: antimicrobial activity against

ciprofloxacin-selected laboratory mutants of Mycoplasma genitalium and inhibitory activity
against its DNA gyrase and topoisomerase V', J Infect Chemother, 21: 74-75.

Deguchi, Takashi, Takashi Yoshida, Shigeaki Yokoi, Masayasu Ito, Masayoshi Tamaki, Hiroaki
Ishiko, and Shin-Ichi Maeda. 2002b. 'Longitudinal Quantitative Detection by Real-Time
PCR of &It;em&gt;Mycoplasma genitalium&lt;/em&gt; in First-Pass Urine of Men with
Recurrent Nongonococcal Urethritis', Journal of Clinical Microbiology, 40: 3854.
Dionne-Odom, J., W. M. Geisler, K. J. Aaron, K. B. Waites, A. O. Westfall, B. Van Der Pol, and L
Xiao. 2018. 'High Prevalence of Multidrug-Resistant Mycoplasma genitalium in Human

Immunodeficiency Virus-Infected Men Who Have Sex With Men in Alabama’, Clinical
Infectious Diseases, 66: 796-798.

do Nascimento, N. C., A. P. dos Santos, Y. Chu, A. M. Guimaraes, A. N. Baird, A. B. Weil, and J.

B. Messick. 2014. 'Microscopy and genomic analysis of Mycoplasma parvum strain
Indiana’, Veterinary Research, 45: 86.

Donders, G. G. G., K. Ruban, G. Bellen, and L. Petricevic. 2017. 'Mycoplasma/Ureaplasma

infection in pregnancy: to screen or not to screen’, Journal of Perinatal Medicine, 45: 505-
515.

Donovan, B., Harcourt, C., Egger, S., Watchirs Smith, L., Schneider, K., Kaldor, J.M., Chen, M.Y .,
Fairley, C.K., Tabrizi, S. 2012. "The Sex Industry in New South Wales: a Report to the

NSW Ministry of Health." In.: Sydney: Kirby Institute, University of New South Wales.
Drud, Suhella Tulsiani, Peter Njuguna, Samantha Ebeyan, Simon Erskine, Mette Holm, Susanne

Cramer Johansson, Lit Yeen Tan, and Jorgen Skov Jensen. 2020. 'Evaluation of the
ResistancePlus MG FleXible Assay for Detection of Wild-Type and 23S rRNA-Mutated

&lt;span class=&quot;named-content genus-species&quot; id=&quot;named-content-

240



1&quot;&gt;Mycoplasma genitalium&aIt;/span&gt; Strains', Journal of Clinical
Microbiology, 58: €01900-01919.

Duffy, L. B., D. Crabb, K. Searcey, and M. C. Kempf. 2000. '‘Comparative potency of gemifloxacin,
new quinolones, macrolides, tetracycline and clindamycin against Mycoplasma spp’, J
Antimicrob Chemother, 45 Suppl 1: 29-33.

Dumke, R., A. Thurmer, and E. Jacobs. 2016. 'Emergence of Mycoplasma genitalium strains
showing mutations associated with macrolide and fluoroquinolone resistance in the region
Dresden, Germany', Diagn Microbiol Infect Dis, 86: 221-223.

Durukan, Duygu, Tim R H Read, Gerald Murray, Michelle Doyle, Eric P F Chow, Lenka A
Vodstrcil, Christopher K Fairley, Ivette Aguirre, Elisa Mokany, Lit Y Tan, Marcus Y Chen,
and Catriona S Bradshaw. 2019. 'Resistance-Guided Antimicrobial Therapy Using
Doxycycline—-Moxifloxacin and Doxycycline—2.5 g Azithromycin for the Treatment of
Mycoplasma genitalium Infection: Efficacy and Tolerability', Clinical Infectious Diseases.

Eastick, K., J. P. Leeming, E. O. Caul, P. J. Horner, and M. R. Millar. 2003. 'A novel polymerase
chain reaction assay to detect Mycoplasma genitalium’, Mol Pathol, 56: 25-28.

Edouard, S., C. Tamalet, H. Tissot-Dupont, P. Colson, A. Menard, 1. Ravaux, C. Dhiver, C. Tomei,
A. Stein, and D. Raoult. 2017. 'Evaluation of self-collected rectal swabs for the detection of
bacteria responsible for sexually transmitted infections in a cohort of HIV-1-infected
patients’, Journal of Medical Microbiology, 08: 08.

Edwards, S. K., C. B. Bunker, Fabian Ziller, and Willem I. van der Meijden. 2014. 2013 European
guideline for the management of balanoposthitis’, International Journal of STD & AIDS, 25:
615-626.

Egger, Matthias, George Davey Smith, Martin Schneider, and Christoph Minder. 1997. 'Bias in
meta-analysis detected by a simple, graphical test’, BMJ, 315: 629-634.

Eng, T.R., and W.T. Butler. 1997. "The Neglected Health and Economic Impact of STDs." In The
Hidden Epidemic: Confronting Sexually Transmitted Diseases. . Washington D.C.: Institute
of Medicine (US) Committee on Prevention and Control of Sexually Transmitted Diseases.
National Academies Press (US).

Therapeutic Guidleines eTG. Nov 2014. 'Pelvic Inflammatory Disease', Therapeutic Guidelines

Limited (TGL). https://tgldcdp.tg.org.au/viewTopic?topicfile=genital-sexually-transmitted-

infections&guidelineName=Antibiotic#toc_d1e816.
Evers, Johannes L. H. 2002. 'Female subfertility’, The Lancet, 360: 151-159.

Falk, L. 2010. 'The overall agreement of proposed definitions of mucopurulent cervicitis in women

at high risk of Chlamydia infection', Acta Dermato-Venereologica, 90: 506-511.

241


https://tgldcdp.tg.org.au/viewTopic?topicfile=genital-sexually-transmitted-infections&guidelineName=Antibiotic#toc_d1e816
https://tgldcdp.tg.org.au/viewTopic?topicfile=genital-sexually-transmitted-infections&guidelineName=Antibiotic#toc_d1e816

Falk, L., H. Fredlund, and J. S. Jensen. 2004. 'Symptomatic urethritis is more prevalent in men
infected with Mycoplasma genitalium than with Chlamydia trachomatis', Sex Transm Infect,
80: 289-293.

. 2005. 'Signs and symptoms of urethritis and cervicitis among women with or without

Mycoplasma genitalium or Chlamydia trachomatis infection', Sexually Transmitted
Infections, 81: 73-78.

Ferndndez-Huerta, Miguel, and Espasa Mateu. 2019. 'Mycoplasma genitalium co-infection with
Chlamydia trachomatis and Neisseria gonorrhoeae among asymptomatic patients: the silent
wick for macrolide resistance spread’, Sexually Transmitted Infections, 95: 391.

Fifer, H., J. Saunders, S. Soni, S. T. Sadiq, and M. Fitzgerald. 2019. "British Association for Sexual
Health and HIV national guideline for the management of infection with Neisseria
gonorrhoeae (2019) ™ In, edited by BASHH.

Francis, S. C., C. K. Kent, J. D. Klausner, L. Rauch, R. Kohn, A. Hardick, and C. A. Gaydos. 2008.
‘Prevalence of rectal trichomonas vaginalis and mycoplasma genitalium in male patients at
the San Francisco STD clinic, 2005-2006', Sexually Transmitted Diseases, 35: 797-800.

Fraser, C. M., J. D. Gocayne, O. White, M. D. Adams, R. A. Clayton, R. D. Fleischmann, C. J.
Bult, A. R. Kerlavage, G. Sutton, J. M. Kelley, R. D. Fritchman, J. F. Weidman, K. V.
Small, M. Sandusky, J. Fuhrmann, D. Nguyen, T. R. Utterback, D. M. Saudek, C. A.
Phillips, J. M. Merrick, J. F. Tomb, B. A. Dougherty, K. F. Bott, P. C. Hu, T. S. Lucier, S.
N. Peterson, H. O. Smith, C. A. Hutchison, 3rd, and J. C. Venter. 1995. 'The minimal gene
complement of Mycoplasma genitalium’, Science, 270: 397-403.

Frost, David M., Jeffrey T. Parsons, and José E. Nanin. 2007. 'Stigma, Concealment and Symptoms
of Depression as Explanations for Sexually Transmitted Infections among Gay Men',
Journal of Health Psychology, 12: 636-640.

Fuchs, W., A. Kreuter, M. Hellmich, A. Potthoff, J. Swoboda, N. H. Brockmeyer, and U. Wieland.
2016. 'Asymptomatic anal sexually transmitted infections in HIV-positive men attending
anal cancer screening’, British Journal of Dermatology, 174: 831-838.

Gagnon, J.H., and W. Simon. 1973. Sexual Conduct (AldineTransaction: United States of America).

Gaydos, C. A, T. C. Quinn, D. Willis, A. Weissfeld, E. W. Hook, D. H. Martin, D. V. Ferrero, and
J. Schachter. 2003. 'Performance of the APTIMA Combo 2 Assay for Detection of
Chlamydia trachomatis and Neisseria gonorrhoeae in Female Urine and Endocervical Swab
Specimens', Journal of Clinical Microbiology, 41: 304.

Gaydos, C., N. E. Maldeis, A. Hardick, J. Hardick, and T. C. Quinn. 2009a. 'Mycoplasma

genitalium as a Contributor to the Multiple Etiologies of Cervicitis in Women Attending

242



Sexually Transmitted Diseases Clinics', American Sexually Transmitted Diseases
Association, 36: 598-606.

. 2009b. 'Mycoplasma genitalium compared to chlamydia, gonorrhoea and trichomonas as
an aetiological agent of urethritis in men attending STD clinics', Sexually transmitted
infections, 85: 438-440.

Gdoura, R., W. Kchaou, C. Chaari, A. Znazen, L. Keskes, T. Rebai, and A. Hammami. 2007.
'Ureaplasma urealyticum, Ureaplasma parvum, Mycoplasma hominis and Mycoplasma
genitalium infections and semen quality of infertile men', BMC Infect Dis, 7: 129.

Gesink, D., C. S. Racey, C. Seah, S. Zittermann, L. Mitterni, J. Juzkiw, H. Jamieson, J. Greer, S.
Singh, J. S. Jensen, and V. Allen. 2016. 'Mycoplasma genitalium in Toronto, Ont: Estimates
of prevalence and macrolide resistance’, Can Fam Physician, 62: e96-101.

Gesink, Dionne C., Gert Mulvad, Ruth Montgomery-Andersen, Upaluk Poppel, Stephan
Montgomery-Andersen, Aka Binzer, Lee Vernich, Gillian Frosst, Flemming Stenz,
Elizabeth Rink, Ove Rosing Olsen, Anders Koch, and Jgrgen Skov Jensen. 2012.
'‘Mycoplasma genitalium presence, resistance and epidemiology in Greenland', International
Journal of Circumpolar Health, 71: 18203.

Getman, D., A. Jiang, M. O'Donnell, and S. Cohen. 2016. 'Mycoplasma genitalium Prevalence,
Coinfection, and Macrolide Antibiotic Resistance Frequency in a Multicenter Clinical Study
Cohort in the United States', J Clin Microbiol, 54: 2278-2283.

Golub, Sarit A., William Kowalczyk, Corina L. Weinberger, and Jeffrey T. Parsons. 2010.
'Preexposure prophylaxis and predicted condom use among high-risk men who have sex
with men’, Journal of acquired immune deficiency syndromes (1999), 54: 548-555.

Gottesman, T., O. Yossepowitch, Z. Samra, S. Rosenberg, and M. Dan. 2017. 'Prevalence of
Mycoplasma genitalium in men with urethritis and in high risk asymptomatic males in Tel
Aviv: a prospective study', International Journal of STD & AIDS, 28: 127-132.

Grady, C. 2017. "The complicated, inadequate language of sexual violence." In Vox. Washington
DC: Vox Media.

Graham, C. A., R. A. Crosby, R. R. Milhausen, S. A. Sanders, and W. L. Yarber. 2011. 'Incomplete
use of condoms: the importance of sexual arousal’, AIDS Behav, 15: 1328-1331.

Graham, C. A., R. Crosby, W. L. Yarber, S. A. Sanders, K. McBride, R. R. Milhausen, and J. N.
Arno. 2006. 'Erection loss in association with condom use among young men attending a
public STI clinic: potential correlates and implications for risk behaviour', Sex Health, 3:
255-260.

Gratrix, J., S. Plitt, L. Turnbull, P. Smyczek, J. Brandley, R. Scarrott, P. Naidu, P. Parker, B. Blore,
A. Bull, S. Shokoples, L. Bertholet, I. Martin, M. Chernesky, R. Read, and A. Singh. 2017.

243



'Prevalence and antibiotic resistance of Mycoplasma genitalium among STI clinic attendees
in Western Canada: a cross-sectional analysis', BMJ Open, 7: e016300.

Greer, Arlette E., and David M. Buss. 1994. 'Tactics for promoting sexual encounters', The Journal
of Sex Research, 31: 185-201.

Grimley, Diane M., Lucy Annang, Shannon Houser, and Huey Chen. 2005. 'Prevalence of Condom
Use Errors Among STD Clinic Patients', American Journal of Health Behavior, 29: 324-
330.

Gump, Dieter W., Mark Gibson, and Taka Ashikaga. 1983. 'Evidence of prior pelvic inflammatory
disease and its relationship toChlamydia trachomatis antibody and intrauterine contraceptive
device use in infertile women', American Journal of Obstetrics and Gynecology, 146: 153-
159.

Guschin, Alexander, Pavel Ryzhikh, Tatiana Rumyantseva, Mikhail Gomberg, and Magnus Unemo.
2015. 'Treatment efficacy, treatment failures and selection of macrolide resistance in
patients with high load of Mycoplasma genitalium during treatment of male urethritis with
josamycin', BMC Infectious Diseases, 15: 40.

Haggerty, C. L., and B. D. Taylor. 2011. 'Mycoplasma genitalium: an emerging cause of pelvic
inflammatory disease’, Infect Dis Obstet Gynecol, 2011: 959816.

Haggerty, C. L., P. A. Totten, S. G. Astete, S. Lee, S. L. Hoferka, S. F. Kelsey, and R. B. Ness.
2008. 'Failure of cefoxitin and doxycycline to eradicate endometrial Mycoplasma genitalium
and the consequence for clinical cure of pelvic inflammatory disease’, Sex Transm Infect, 84:
338-342.

Haggerty, C. L., P. A. Totten, S. G. Astete, and R. B. Ness. 2006. 'Mycoplasma genitalium among
women with nongonococcal, nonchlamydial pelvic inflammatory disease’, Infect Dis Obstet
Gynecol, 2006: 30184.

Hakre, S., R. O. Casimier, B. A. Danboise, S. A. Peel, N. L. Michael, P. T. Scott, and J. F. Okulicz.
2017. 'Enhanced Sexually Transmitted Infection Screening for Mycoplasma genitalium in
Human Immunodeficiency Virus -Infected US Air Force Personnel’, Clinical Infectious
Diseases, 65: 1585-1588.

Hall, D.S. 1998. 'Consent for Sexual Behaviour in a College Student Population’, Electronic
Journal of Human Sexuality, 1.

Ham, D., S. Y. Northbrook, S. Morales-Miranda, M. E. Guardado, and M. Kamb. 2015. 'HIV and
STIls among transgendered populations: Four country survey from central America’, Topics
in Antiviral Medicine, 23: 475-476.

Hamasuna, R. 2008. 'Acute epididymitis detected with Mycoplasma genitalium: a case report’,
Japanese Journal of Sexually Transmitted Diseases.

244



Hamasuna, R., J. S. Jensen, and Y. Osada. 2009. 'Antimicrobial susceptibilities of Mycoplasma
genitalium strains examined by broth dilution and quantitative PCR', Antimicrob Agents
Chemother, 53: 4938-4939.

Hamasuna, R., P. T. Le, S. Kutsuna, K. Furubayashi, M. Matsumoto, N. Ohmagari, N. Fujimoto, T.
Matsumoto, and J. S. Jensen. 2018. 'Mutations in ParC and GyrA of moxifloxacin-resistant
and susceptible Mycoplasma genitalium strains', PLoS One, 13: e0198355.

Hamasuna, R., Y. Osada, and J. S. Jensen. 2005. 'Antibiotic susceptibility testing of Mycoplasma
genitalium by TagMan 5' nuclease real-time PCR', Antimicrob Agents Chemother, 49: 4993-
4998.

Hamilton, Christopher J., and James R. Mahalik. 2009. "Minority stress, masculinity, and social
norms predicting gay men's health risk behaviors." In, 132-141. American Psychological
Association.

Hannan, P. C. 1998. 'Comparative susceptibilities of various AIDS-associated and human urogenital
tract mycoplasmas and strains of Mycoplasma pneumoniae to 10 classes of antimicrobial
agent in vitro', J. Med. Microbiol, 47: 1115-1122.

Harrison, Sally A., Kristin M. Olson, Amy E. Ratliff, Li Xiao, Barbara VVan Der Pol, Ken B.
Waites, and William M. Geisler. 2019. 'Mycoplasma genitalium Coinfection in Women
With Chlamydia trachomatis Infection’, Sexually Transmitted Diseases, 46.

Hart, Trevor A., and Richard G. Heimberg. 2005. 'Social Anxiety as a Risk Factor for Unprotected
Intercourse Among Gay and Bisexual Male Youth', AIDS and Behavior, 9: 505-512.

Hatcher, R.A., and A. L. Nelson. 2007. Contraceptive Technology (Ardent Media).

Hatherall, B, R Ingham, N Stone, and J McEachran. 2007. 'How, not just if, condoms are used: the
timing of condom application and removal during vaginal sex among young people in
England’, Sexually Transmitted Infections, 83: 68-70.

Healicon, A. 2016. The Politics of Sexual Violence: Rape, Identity and Feminism (Palgrave
Macmillian: Basingstoke, UK).

Heider, F. 1958. The psychology of interpersonal relations (Lawrence Erlbaum Associates:
Hillsdale, New Jersey).

Hensel, D. J., N. W. Stupiansky, D. Herbenick, B. Dodge, and M. Reece. 2011. 'When condom use
is not condom use: an event-level analysis of condom use behaviors during vaginal
intercourse’, J Sex Med, 8: 28-34.

Herndndez-Romieu, Alfonso C., Aaron J. Siegler, Patrick S. Sullivan, Richard Crosby, and Eli S.
Rosenberg. 2014. 'How often do condoms fail? A cross-sectional study exploring
incomplete use of condoms, condom failures and other condom problems among black and
white MSM in southern USA', Sexually Transmitted Infections, 90: 602.

245



Hickman, Susan E., and Charlene L. Muehlenhard. 1999. '““By the semi-mystical appearance of a
condom”: How young women and men communicate sexual consent in heterosexual
situations', Journal of Sex Research, 36: 258-272.

Hillis, S. D., R. Joesoef, P. A. Marchbanks, J. N. Wasserheit, W. Cates, and L. Westrom. 1993.
'Delayed care of pelvic inflammatory disease as a risk factor for impaired fertility’,
American Journal of Obstetrics and Gynecology, 168: 1503-1509.

Hitti, J., P. Garcia, P. Totten, K. Paul, S. Astete, and K. K. Holmes. 2010. 'Correlates of cervical
Mycoplasma genitalium and risk of preterm birth among Peruvian women', Sex Transm Dis,
37: 81-85.

Hjorth, S. V., E. Bjornelius, P. Lidbrink, L. Falk, B. Dohn, L. Berthelsen, L. Ma, D. H. Martin, and
J. S. Jensen. 2006. 'Sequence-based typing of Mycoplasma genitalium reveals sexual
transmission’, J Clin Microbiol, 44: 2078-2083.

Hocking, J. S., M. Temple-Smith, R. Guy, B. Donovan, S. Braat, M. Law, J. Gunn, D. Regan, A.
Vaisey, L. Bulfone, J. Kaldor, C. K. Fairley, N. Low, and A. CCEPt Consortium. 2018.
'Population effectiveness of opportunistic chlamydia testing in primary care in Australia: a
cluster-randomised controlled trial', Lancet, 392: 1413-1422.

Hocking, Jane. 2019. 'S16.1 Anatomical sites of infection — biomedical considerations for STI
prevention’, Sex Transm Infect, 95: A26-A26.

Holmes, K. K., P.F. Sparling, E. Stamm, P. Piot, J.N. Wasserheit, L Corey, and M. Cohen
(ed.)™(eds.). 2007. Sexually Transmitted Diseases (The McGraw-Hill Companies: New
York).

Holmes, K. K., R. Levine, and M. Weaver. 2004. 'Effectiveness of condoms in preventing sexually
transmitted infections’, Bull World Health Organ, 82: 454-461.

Holt, M., T. Lea, L. Mao, J. Kolstee, I. Zablotska, T. Duck, B. Allan, M. West, E. Lee, P. Hull, A.
Grulich, J. De Wit, and G. Prestage. 2018. 'Community-level changes in condom use and
uptake of HIV pre-exposure prophylaxis by gay and bisexual men in Melbourne and
Sydney, Australia: results of repeated behavioural surveillance in 2013-17', Lancet HIV, 5:
e448-e456.

Homfray, V., C. Tanton, R. F. Miller, S. Beddows, N. Field, P. Sonnenberg, K. Wellings, K.
Panwar, A. M. Johnson, and C. H. Mercer. 2015. 'Male Circumcision and STI Acquisition in
Britain: Evidence from a National Probability Sample Survey', PLoS ONE [Electronic
Resource], 10: e0130396.

Hooper, David C. 1995. 'Quinolone Mode of Action’, Drugs, 49: 10-15.

246



Horner, P., and T.C.B Gilroy. 2002. 'Do all men attending departments of genitourinary medicine
need to be screened for non-gonococcal urethritis?', International Journal of STD & AIDS,
13: 667-673.

Horner, P., S. M. Ingle, F. Garrett, K. Blee, F. Kong, P. Muir, and H. Moi. 2017a. 'Which
azithromycin regimen should be used for treating Mycoplasma genitalium? A meta-
analysis', Sexually Transmitted Infections, 17: 17.

Horner, P. J., C. B. Gilroy, B. J. Thomas, R. O. Naidoo, and D. Taylor-Robinson. 1993.
'Association of Mycoplasma genitalium with acute non-gonococcal urethritis’, Lancet, 342:
582-585.

Horner, P. J., and D. H. Martin. 2017b. 'Mycoplasma genitalium Infection in Men', Journal of
Infectious Diseases, 216: S396-S405.

Horner, Patrick J., and David Taylor-Robinson. 2011. 'Association of Mycoplasma genitalium with
balanoposthitis in men with non-gonococcal urethritis’, Sexually Transmitted Infections, 87:
38.

Horner, Patrick, Brenda Thomas, Claire B. Gilroy, Matthias Egger, and David Taylor-Robinson.
2001. 'Role of Mycoplasma genitalium and Ureaplasma urealyticum in Acute and Chronic
Nongonococcal Urethritis', Clinical Infectious Diseases, 32: 995-1003.

Horvath, Keith J., J. Michael Oakes, and B. R. Simon Rosser. 2008. 'Sexual Negotiation and HIV
Serodisclosure among Men who Have Sex with Men with Their Online and Offline
Partners', Journal of Urban Health, 85: 744-758.

Hoy, D., P. Brooks, A. Woolf, F. Blyth, L. March, C. Bain, P. Baker, E. Smith, and R. Buchbinder.
2012. 'Assessing risk of bias in prevalence studies: modification of an existing tool and
evidence of interrater agreement’, J Clin Epidemiol, 65: 934-939.

Hubach, Randolph D., Brian Dodge, Michael J. Li, Vanessa Schick, Debby Herbenick, William D.
Ramos, Thea Cola, and Michael Reece. 2015. 'Loneliness, HIVV-Related Stigma, and
Condom Use Among a Predominantly Rural Sample of HIVV-Positive Men Who Have Sex
With Men (MSM)', AIDS Education and Prevention, 27: 72-83.

Humphreys, T. 2007. 'Perceptions of sexual consent: the impact of relationship history and gender’,
J Sex Res, 44: 307-315.

Humphreys, T., and J. Newby. 2007. 'Initiating new sexual behaviours in heterosexual
relationships', The Canadian Journal of Human Sexuality, 16: 77-88.

Idahl, A., M. Jurstrand, J. I. Olofsson, and H. Fredlund. 2015. 'Mycoplasma genitalium serum
antibodies in infertile couples and fertile women', Sex Transm Infect, 91: 589-591.

IDEXX. 2017. "Microbiology guide to interpreting minimum inhibitory concentration (MIC)." In,
edited by IDEXX Laboratories Inc.

247



Ito, S., Y. Shimada, Y. Yamaguchi, M. Yasuda, S. Yokoi, S. Ito, M. Nakano, H. Ishiko, and T.
Deguchi. 2011. 'Selection of Mycoplasma genitalium strains harbouring macrolide
resistance-associated 23S rRNA mutations by treatment with a single 1 g dose of
azithromycin', Sex Transm Infect, 87: 412-414.

Ito, Shin, Tomohiro Tsuchiya, Mitsuru Yasuda, Shigeaki Yokoi, Masahiro Nakano, and Takashi
Deguchi. 2012. 'Prevalence of genital mycoplasmas and ureaplasmas in men younger than
40 years-of-age with acute epididymitis', International Journal of Urology, 19: 234-238.

Iverson-Cabral, S. L., S. G. Astete, C. R. Cohen, E. P. Rocha, and P. A. Totten. 2006. 'Intrastrain
heterogeneity of the mgpB gene in Mycoplasma genitalium is extensive in vitro and in vivo
and suggests that variation is generated via recombination with repetitive chromosomal
sequences', Infection & Immunity, 74: 3715-3726.

Jacobson, L., and L. Westrom. 1969. 'Objectivized diagnosis of acute pelvic inflammatory disease.
Diagnostic and prognostic value of routine laparoscopy’, Am J Obstet Gynecol, 105: 1088-
1098.

Jensen, J. S. 2004. 'Mycoplasma genitalium: the aetiological agent of urethritis and other sexually
transmitted diseases’, Journal of the European Academy of Dermatology & Venereology, 18:

1-11.

. 2006. 'Mycoplasma genitalium infections. Diagnosis, clinical aspects, and pathogenesis’,

Dan Med Bull, 53: 1-27.

Jensen, J. S., E. Bjornelius, B. Dohn, and P. Lidbrink. 2004a. ‘Comparison of first void urine and

urogenital swab specimens for detection of Mycoplasma genitalium and Chlamydia
trachomatis by polymerase chain reaction in patients attending a sexually transmitted
disease clinic', Sex Transm Dis, 31: 499-507.

Jensen, J. S., E. Bjornelius, B. Dohn, and P. Lidbrink. 2004b. 'Use of TagMan 5' nuclease real-time
PCR for quantitative detection of Mycoplasma genitalium DNA in males with and without
urethritis who were attendees at a sexually transmitted disease clinic', J Clin Microbiol, 42:
683-692.

Jensen, J. S., M. B. Borre, and B. Dohn. 2003. 'Detection of Mycoplasma genitalium by PCR
amplification of the 16S rRNA gene', J Clin Microbiol, 41: 261-266.

Jensen, J. S., C. S. Bradshaw, S. N. Tabrizi, C. K. Fairley, and R. Hamasuna. 2008. 'Azithromycin
treatment failure in Mycoplasma genitalium-positive patients with nongonococcal urethritis
is associated with induced macrolide resistance’, Clinical Infectious Diseases, 47: 1546-
1553.

248



Jernberg, E., A. Moghaddam, and H. Moi. 2008. 'Azithromycin and moxifloxacin for
microbiological cure of Mycoplasma genitalium infection: an open study’, Int J STD AIDS,
19: 676-679.

Jian-Ru, W., W. Bei, C. Hao, X. Jin-Shui, and H. Xi-Ping. 2012. 'Mycoplasmas in the urine of HIV-
1 infected men', Epidemiology & Infection, 140: 1141-1146.

Jiang, J., P. Liu, N. X. Cao, and X. D. Gong. 2015. 'The prevalence of mycoplasma genitalium and
chlamydia trachomatis at various anatomical sites of men who have sex with men in five
cities of china', Sexually Transmitted Infections, 91: A30-A31.

Jurstrand, Margaretha, Jargen Skov Jensen, Anders Magnuson, Francis Kamwendo, and Hans
Fredlund. 2007. 'A serological study of the role of Mycoplasma genitalium in pelvic
inflammatory disease and ectopic pregnancy’, Sexually Transmitted Infections, 83: 3109.

Keane, F. E., B. J. Thomas, C. B. Gilroy, A. Renton, and D. Taylor-Robinson. 2000. The
association of Mycoplasma hominis, Ureaplasma urealyticum and Mycoplasma genitalium
with bacterial vaginosis: observations on heterosexual women and their male partners’, Int J
STD AIDS, 11: 356-360.

Kelley, Harold H. 1967. 'Attribution theory in social psychology', Nebraska Symposium on
Motivation, 15: 192-238.

Kidd, P. "Laying down the law." In Positive Living Magazine. Newtown, NSW: National
Association of People With HIV Australia.

Kikuchi, M., S. Ito, M. Yasuda, T. Tsuchiya, K. Hatazaki, M. Takanashi, T. Ezaki, and T. Deguchi.
2014. 'Remarkable increase in fluoroquinolone-resistant Mycoplasma genitalium in Japan’, J
Antimicrob Chemother, 69: 2376-2382.

Klein, H. 2014a. 'Generationing, Stealthing, and Gift Giving: The Intentional Transmission of HIV
by HIV-Positive Men to their HIV-Negative Sex Partners', Health Psychol Res, 2: 1582.

Klein, Hugh. 2014b. 'Generationing, Stealthing, and Gift Giving: The Intentional Transmission of
HIV by HIV-Positive Men to their HIV-Negative Sex Partners', Health Psychology
Research, 2: 1582.

Krieger, J. N., D. E. Riley, M. C. Roberts, and R. E. Berger. 1996. 'Prokaryotic DNA sequences in
patients with chronic idiopathic prostatitis’, Journal of Clinical Microbiology, 34: 3120.

Kriesel, J. D., A. S. Bhatia, C. Barrus, M. Vaughn, J. Gardner, and R. J. Crisp. 2016. 'Multiplex
PCR testing for nine different sexually transmitted infections', International Journal of STD
& AIDS, 27: 1275-1282.

Labbe, A. C., E. Frost, S. Deslandes, A. P. Mendonca, A. C. Alves, and J. Pepin. 2002.
'Mycoplasma genitalium is not associated with adverse outcomes of pregnancy in Guinea-
Bissau', Sex Transm Dis, 78: 289-291.

249



Lachowsky, Nathan John, Zach Tanner, Zishan Cui, Paul Sereda, Asheligh Rich, Jody Jollimore,
Julio S. G. Montaner, Robert S. Hogg, David M. Moore, and Eric A. Roth. 2016. 'An Event-
Level Analysis of Condom Use During Anal Intercourse Among Self-Reported Human
Immunodeficiency Virus—Negative Gay and Bisexual Men in a Treatment as Prevention
Environment', Sexually Transmitted Diseases, 43.

Lallemand, A., V. Bremer, K. Jansen, S. Nielsen, D. Munstermann, A. Lucht, and C. Tiemann.
2015. 'Prevalence of mycoplasma genitalium in patients visiting HIV counselling
institutions in north-rhine-westphalia, Germany (STI-hit study)’, Sexually Transmitted
Infections, 91: A150.

Lallemand, Anne, Viviane Bremer, Klaus Jansen, Stine Nielsen, Dieter Miinstermann, Andreas
Lucht, and Carsten Tiemann. 2016. "Prevalence of Chlamydia trachomatis infection in
women, heterosexual men and MSM visiting HIV counselling institutions in North Rhine-
Westphalia, Germany - should Chlamydia testing be scaled up?" In BMC infectious
diseases, 610.

Lambert, Catherine. 2017. "Warning by police and health experts that stealthing may be sexual
assault in Victoria." In Herald Sun. Melbourne.

Lan, J., I. Melgers, C. J. Meijer, J. M. Walboomers, R. Roosendaal, C. Burger, O.P. Bleker, and A.
J. van den Brule. 1995. 'Prevalence and serovar distribution of asymptomatic cervical
Chlamydia trachomatis infections as determined by highly sensitive PCR.', J. Clin
Microbiol., 33: 3194-3197.

Lang, D. L., L. F. Salazar, G. M. Wingood, R. J. DiClemente, and I. Mikhail. 2007. 'Associations
between recent gender-based violence and pregnancy, sexually transmitted infections,
condom use practices, and negotiation of sexual practices among HIV-positive women’,
Journal of acquired immune deficiency syndromes (1999), 46: 216-221.

Latimer, R. L., T. R. H. Read, L. A. Vodstrcil, J. L. Goller, J. J. Ong, C. K. Fairley, J. S. Hocking,
and C. S. Bradshaw. 2019. 'Clinical Features and Therapeutic Response in Women Meeting
Criteria for Presumptive Treatment for Pelvic Inflammatory Disease Associated With
Mycoplasma genitalium', Sex Transm Dis, 46: 73-79.

Lau, A., C. S. Bradshaw, D. Lewis, C. K. Fairley, M. Y. Chen, F. Y. Kong, and J. S. Hocking.
2015. 'The Efficacy of Azithromycin for the Treatment of Genital Mycoplasma genitalium:
A Systematic Review and Meta-analysis', Clin Infect Dis, 61: 1389-1399.

Lawton, B. A, S. B. Rose, C. Bromhead, L. A. Gaitanos, E. J. MacDonald, and K. A. Lund. 2008.
'High prevalence of Mycoplasma genitalium in women presenting for termination of

pregnancy', Contraception, 77: 294-298.

250



Lazarus, Ross, Donata Vercelli, Lyle J. Palmer, Walt J. Klimecki, Edwin K. Silverman, Brent
Richter, Alberto Riva, Marco Ramoni, Fernando D. Martinez, Scott T. Weiss, and David J.
Kwiatkowski. 2002. 'Single nucleotide polymorphisms in innate immunity genes: abundant
variation and potential role in complex human disease’, Immunological Reviews, 190: 9-25.

Lefebvre, M., J. Coutherut, S. Gibaud, C. Biron, M. Chalopin, C. Bernier, and F. Raffi. 2017.
'Prevalence of Mycoplasma genitalium Infection and Relationship with Symptoms Among
Adults Attending a Sexual Health Centre', Acta Dermato-Venereologica, 97: 543-545.

Lehman, J., and S. Phelps. 2008. "West's Encyclopedia of American Law." In. Detroit:
Thomson/Gale.

Lehrer, Jocelyn A., Lydia A. Shrier, Steven Gortmaker, and Stephen Buka. 2006. 'Depressive
Symptoms as a Longitudinal Predictor of Sexual Risk Behaviors Among US Middle and
High School Students', Pediatrics, 118: 189-200.

Lewis, Dyani, Danielle C. Newton, Rebecca J. Guy, Hammad Ali, Marcus Y. Chen, Christopher K.
Fairley, and Jane S. Hocking. 2012. 'The prevalence of Chlamydia trachomatis infection in
Australia: a systematic review and meta-analysis’, BMC Infectious Diseases, 12: 113.

Lewis, Joanna, Paddy J. Horner, and Peter J. White. 2020. 'Incidence of Pelvic Inflammatory
Disease Associated With Mycoplasma genitalium Infection: Evidence Synthesis of Cohort
Study Data’, Clinical Infectious Diseases.

Li, Y., W. J. Le, S. Li, Y. P. Cao, and X. H. Su. 2017. 'Meta-analysis of the efficacy of
moxifloxacin in treating Mycoplasma genitalium infection’, International Journal of STD &
AIDS: 956462416688562.

Libois, A., M. Hallin, T. Crucitti, M. Delforge, and S. De Wit. 2018. 'Prevalence of Mycoplasma
genitalium in men with urethritis in a large public hospital in Brussels, Belgium: An
observational, cross-sectional study’, PLoS ONE [Electronic Resource], 13: €0196217.

Lievore, D. 2003. "Non-reporting and hidden recording of sexual assault: an international literature
review." In.: Australian Institute of Criminology, Canberra, Australia.

Lis, Rebecca, Ali Rowhani-Rahbar, and Lisa E. Manhart. 2015. 'Mycoplasma genitalium Infection
and Female Reproductive Tract Disease: A Meta-analysis', Clinical Infectious Diseases, 61:
418-426.

Litt, I. F., and M. 1. Cohen. 1978. 'Perihepatitis associated with salpingitis in adolescents', JAMA,
240: 1253-1254.

Livengood, C. H., 3rd, G. B. Hill, and W. A. Addison. 1992. 'Pelvic inflammatory disease: findings
during inpatient treatment of clinically severe, laparoscopy-documented disease’, Am J
Obstet Gynecol, 166: 519-524.

251



Ljubin-Sternak, S., T. Mestrovic, B. Kolaric, N. Jarza-Davila, T. Marijan, and J. Vranes. 2017.
'Assessing the Need for Routine Screening for Mycoplasma genitalium in the Low-risk
Female Population: A Prevalence and Co-infection Study on Women from Croatia’,
International Journal of Preventive Medicine, 8: 51.

Lokken, E. M., J. E. Balkus, J. Kiarie, J. P. Hughes, W. Jaoko, P. A. Totten, R. S. McClelland, and
L. E. Manhart. 2017. 'Association of Recent Bacterial VVaginosis With Acquisition of
Mycoplasma genitalium', American Journal of Epidemiology, 186: 194-201.

Lu, George C., Jane R. Schwebke, Lynn B. Duffy, Gail H. Cassell, John C. Hauth, William W.
Andrews, and Robert L. Goldenberg. 2001. 'Midtrimester vaginal Mycoplasma genitalium
in women with subsequent spontaneous preterm birth', American Journal of Obstetrics and
Gynecology, 185: 163-165.

Lukehart, Sheila A., Charmie Godornes, Barbara J. Molini, Patricia Sonnett, Susan Hopkins, Fiona
Mulcahy, Joseph Engelman, Samuel J. Mitchell, Anne M. Rompalo, Christina M. Marra,
and Jeffrey D. Klausner. 2004. 'Macrolide Resistance in Treponema pallidum in the United
States and Ireland’, New England Journal of Medicine, 351: 154-158.

Lusk, M. J., and P. Konecny. 2008. 'Cervicitis: a review', Curr Opin Infect Dis, 21: 49-55.

Machalek, D. A., Y. Tao, H. Shilling, J. S. Jensen, M. Unemo, G. Murray, E. P. F. Chow, N. Low,
S. M. Garland, L. A. Vodstrcil, C. K. Fairley, J. S. Hocking, L. Zhang, and C. S. Bradshaw.
2020. 'Prevalence of mutations associated with resistance to macrolides and
fluoroquinolones in Mycoplasma genitalium: a systematic review and meta-analysis', Lancet
Infect Dis.

Maleckiene, L., S. Kajenas, R. J. Nadisauskiene, and D. R. Railaite. 2009. ‘Comparison of clinical
and laparoscopic diagnoses of pelvic inflammatory disease’, Int J Gynaecol Obstet, 104: 74-
75.

Mandar, Reet, Elve Raukas, Silver Tirk, Paul Korrovits, and Margus Punab. 2005. ‘Mycoplasmas
in semen of chronic prostatitis patients', Scandinavian Journal of Urology and Nephrology,
39: 479-482.

Manhart, L. E., J. M. Broad, and M. R. Golden. 2011. 'Mycoplasma genitalium: should we treat and
how?', Clin Infect Dis, 53 Suppl 3: S129-142.

Manhart, L. E., C. W. Critchlow, K. K. Holmes, S. M. Dutro, D. A. Eschenbach, C. E. Stevens, and
P. A. Totten. 2003. 'Mucopurulent cervicitis and Mycoplasma genitalium'’, Journal of
Infectious Diseases, 187: 650-657.

Manhart, L. E., C. W. Gillespie, M. S. Lowens, C. M. Khosropour, D. V. Colombara, M. R.
Golden, N. R. Hakhu, K. K. Thomas, J. P. Hughes, N. L. Jensen, and P. A. Totten. 2013.

252



‘Standard treatment regimens for nongonococcal urethritis have similar but declining cure
rates: a randomized controlled trial', Clinical Infectious Diseases, 56: 934-942.

Manhart, L. E., K. K. Holmes, J. P. Hughes, L. S. Houston, and P. A. Totten. 2007. '‘Mycoplasma
genitalium among young adults in the United States: an emerging sexually transmitted
infection’, American Journal of Public Health, 97: 1118-1125.

Manhart, L. E., and N. Kay. 2010. 'Mycoplasma genitalium: Is It a Sexually Transmitted
Pathogen?', Curr Infect Dis Rep, 12: 306-313.

Manhart, Lisa E., Sara B. Mostad, Jared M. Baeten, Sabina G. Astete, Kishorchandra Mandaliya,
and Patricia A. Totten. 2008. 'High Mycoplasma genitalium Organism Burden Is Associated
with Shedding of HIV-1 DNA from the Cervix', The Journal of Infectious Diseases, 197:
733-736.

Marrazzo, J. M., H. C. Wiesenfeld, P. J. Murray, B. Busse, L. Meyn, M. Krohn, and S. L. Hillier.
2006. 'Risk factors for cervicitis among women with bacterial vaginosis', Journal of
Infectious Diseases, 193: 617-624.

Marrone, J., C. K. Fairley, M. Saville, C. Bradshaw, F. J. Bowden, L. B. Horvath, B. Donovan, M.
Chen, and J. S. Hocking. 2008. "Temporal associations with declining Trichomonas
vaginalis diagnosis rates among women in the state of Victoria, Australia, 1947 to 2005', Sex
Transm Dis, 35: 572-576.

Mavedzenge, S. N., and H. A. Weiss. 2009. 'Association of Mycoplasma genitalium and HIV
infection: A systematic review and meta-analysis', AIDS, 23: 611-620.

McCormick, Naomi B. 1979. 'Come-ons and Put-offs: Unmarried Students' Strategies for Having

and Avoiding Sexual Intercourse’, Psychology of Women Quarterly, 4: 194-211.

. 1987. 'Sexual Scripts: Social and therapeutic implications’, Sexual and Marital Therapy, 2:

3-27.

McDougal, Sarah J., Jeremiah Alexander, Shireesha Dhanireddy, Robert D. Harrington, and Joanne
D. Stekler. 2014. 'Non-Occupational Post-Exposure Prophylaxis for HIV: 10-Year
Retrospective Analysis in Seattle, Washington', PLOS ONE, 9: €105030.

McGowin, C. L., and C. Anderson-Smits. 2011. 'Mycoplasma genitalium: an emerging cause of
sexually transmitted disease in women', PLoS Pathog, 7: €e1001324.

McGowin, C. L., R. A. Spagnuolo, and R. B. Pyles. 2010. 'Mycoplasma genitalium rapidly
disseminates to the upper reproductive tracts and knees of female mice following vaginal
inoculation’, Infect Immun, 78: 726-736.

Mclver, Ruthy, Dean Jalocon, Anna McNulty, Neisha J. Jeoffreys, Sharon Chih-Ann Chen, Melissa

Power, and Deborah Leone Couldwell. 2019. 'Men Who Have Sex With Men With

Mycoplasma genitalium—Positive Nongonococcal Urethritis Are More Likely to Have

253



Macrolide-Resistant Strains Than Men With Only Female Partners: A Prospective Study’,
Sexually Transmitted Diseases, 46.

Mernaugh, G. R., S. F. Dallo, S. C. Holt, and J. B. Baseman. 1993. 'Properties of adhering and
nonadhering populations of Mycoplasma genitalium’, Clinical Infectious Diseases, 17 Suppl
1: S69-78.

Mezzini, T. M., R. G. Waddell, R. J. Douglas, and T. A. Sadlon. 2013. 'Mycoplasma genitalium:
prevalence in men presenting with urethritis to a South Australian public sexual health
clinic', Internal Medicine Journal, 43: 494-500.

Miller, Elizabeth, Michele R. Decker, Heather L. McCauley, Daniel J. Tancredi, Rebecca R.
Levenson, Jeffrey Waldman, Phyllis Schoenwald, and Jay G. Silverman. 2010. 'Pregnancy
coercion, intimate partner violence and unintended pregnancy’, Contraception, 81: 316-322.

Miller, W. C., C. A. Ford, M. Morris, and et al. 2004. 'Prevalence of chlamydial and gonococcal
infections among young adults in the united states’, JAMA, 291: 2229-2236.

Mitchell, K., and K. Wellings. 1998. 'First sexual intercourse: anticipation and communication.
Interviews with young people in England’, J Adolesc, 21: 717-726.

Mo, X., C. Zhu, J. Gan, C. Wang, F. Wei, W. Gong, and Q. Cai. 2016. 'Prevalence and correlates of
Mycoplasma genitalium infection among prostatitis patients in Shanghai, China’, Sex
Health.

Mobley, Victoria L., Marcia M. Hobbs, Karen Lau, Barbara S. Weinbaum, Damon K. Getman, and
Arlene C. Sefia. 2012. 'Mycoplasma genitalium infection in women attending a sexually
transmitted infection clinic: diagnostic specimen type, coinfections, and predictors’, Sexually
Transmitted Diseases, 39: 706-7009.

Moi, H., N. Reinton, and A. Moghaddam. 2009a. ‘Mycoplasma genitalium in women with lower

genital tract inflammation’, Sex Transm Infect, 85: 10-14.

. 2009b. 'Mycoplasma genitalium is associated with symptomatic and asymptomatic non-

gonococcal urethritis in men', Sexually Transmitted Infections, 85: 15-18.

Moi, Harald, Karla Blee, and Patrick J. Horner. 2015. ‘Management of non-gonococcal urethritis’,
BMC infectious diseases, 15: 294-294.

Moller, B. R., D. Taylor-Robinson, P. M. Furr, and E. A. Freundt. 1985. 'Acute upper genital-tract
disease in female monkeys provoked experimentally by Mycoplasma genitalium’, British
Journal of Experimental Pathology, 66: 417-426.

Money, D. 2005. 'The laboratory diagnosis of bacterial vaginosis', Can J Infect Dis Med Microbiol,

16: 77-79.

254



Moore, A., L. Frohwirth, and E. Miller. 2010. 'Male reproductive control of women who have
experienced intimate partner violence in the United States', Social Science & Medicine, 70:
1737-1744.

Morris, Sheldon R., Jeffrey D. Klausner, Sarah L. Wheeler, Susan P. Buchbinder, Grant N. Colfax,
Thomas Coates, Beryl Koblin, and Margaret Chesney. 2006. 'Prevalence and Incidence of
Pharyngeal Gonorrhea in a Longitudinal Sample of Men Who Have Sex with Men: The
EXPLORE Study', Clinical Infectious Diseases, 43: 1284-12809.

MSHC. 2014. 'Pelvic Inflammatory Disease', MSHC; Alfred Health.
http://www.mshc.org.au/HealthProfessional/MSHCTreatmentGuidelines/Pelviclnflammator
yDisease(PID)#.VyGCadR94dU.

Muehlenhard, C. L. 1995/1996. 'The complexities of sexual consent’, SIECUS Report, 24: 4-7.

Munson, E., D. Wenten, S. Jhansale, M. K. Schuknecht, N. Pantuso, J. Gerritts, A. Steward, K. L.

Munson, M. Napierala, and D. Hamer. 2017. 'Expansion of Comprehensive Screening of
Male Sexually Transmitted Infection Clinic Attendees with Mycoplasma genitalium and
Trichomonas vaginalis Molecular Assessment: a Retrospective Analysis', Journal of
Clinical Microbiology, 55: 321-325.

Musacchio, Najah S., Molly Hartrich, and Robert Garofalo. 2006. 'Erectile Dysfunction and Viagra
Use: What’s up with College-Age Males?', Journal of Adolescent Health, 39: 452-454.

Musatovova, O., S. Dhandayuthapani, and J. B. Baseman. 2003. Transcriptional starts for
cytadherence-related operons of Mycoplasma genitalium’, FEMS Microbiology Letters, 229:
73-81.

Nedelman, M. 2017. 'Some call it 'stealthing,’ others call it sexual assault’, CNN Health+,
28/04/2017.

Ness, Roberta B., David E. Soper, Robert L. Holley, Jeffrey Peipert, Hugh Randall, Richard L.
Sweet, Steven J. Sondheimer, Susan L. Hendrix, Antonio Amortegui, Giuliana Trucco,
Thomas Songer, Judith R. Lave, Sharon L. Hillier, Debra C. Bass, and Sheryl F. Kelsey.
2002. 'Effectiveness of inpatient and outpatient treatment strategies for women with pelvic
inflammatory disease: Results from the pelvic inflammatory disease evaluation and clinical
health (peach) randomized trial’, American Journal of Obstetrics and Gynecology, 186: 929-
937.

Nijhuis, R. H., T. T. Severs, D. S. Van der Vegt, A. A. Van Zwet, and J. G. Kusters. 2015. 'High
levels of macrolide resistance-associated mutations in Mycoplasma genitalium warrant
antibiotic susceptibility-guided treatment’, J Antimicrob Chemother, 70: 2515-2518.

Nyaga, Victoria N., Marc Arbyn, and Marc Aerts. 2014. 'Metaprop: a Stata command to perform
meta-analysis of binomial data’, Archives of Public Health, 72: 39.

255


http://www.mshc.org.au/HealthProfessional/MSHCTreatmentGuidelines/PelvicInflammatoryDisease(PID)#.VyGCadR94dU
http://www.mshc.org.au/HealthProfessional/MSHCTreatmentGuidelines/PelvicInflammatoryDisease(PID)#.VyGCadR94dU

Nye, Melinda B., Ayla B. Harris, Amanda J. Pherson, and Charles P. Cartwright. 2020. 'Prevalence
of Mycoplasma genitalium infection in women with bacterial vaginosis', BMC Women's
Health, 20: 62.

Oakeshott, P., A. Aghaizu, P. Hay, F. Reid, S. Kerry, H. Atherton, I. Simms, D. Taylor-Robinson,
B. Dohn, and J. S. Jensen. 2010a. 'Is Mycoplasma genitalium in women the "New
Chlamydia?" A community-based prospective cohort study’, Clin Infect Dis, 51: 1160-1166.

Oakeshott, Pippa, Sally Kerry, Adamma Aghaizu, Helen Atherton, Sima Hay, David Taylor-
Robinson, lan Simms, and Phillip Hay. 2010b. 'Randomised controlled trial of screening for
Chlamydia trachomatis to prevent pelvic inflammatory disease: the POPI (prevention of
pelvic infection) trial', BMJ, 340: c1642.

Ong, J. J., E. Aung, T. R. H. Read, C. K. Fairley, S. M. Garland, G. Murray, M. Y. Chen, E. P. F.
Chow, and C. S. Bradshaw. 2018a. 'Clinical characteristics of anorectal Mycoplasma
genitalium infection and microbial cure in men who have sex with men’, Sexually
Transmitted Diseases, 18: 18.

Ong, Jason J., Eric P.F. Chow, Vesna De Petra, Deborah Williamson, Irene Pelatosis, Ben Howden,
Lei Zhang, Marcus Y. Chen, Catriona S. Bradshaw, Jane Hocking, and Christopher K.
Fairley. 2018b. 'Should Asymptomatic Men Who Have Sex With Men Be Screened for
Oropharyngeal Chlamydia? Clinical Outcomes From a Cross-Sectional Study’, Sexually
Transmitted Diseases, 45: 103-106.

Owusu-Edusei, K., Jr., H. W. Chesson, T. L. Gift, G. Tao, R. Mahajan, M. C. Ocfemia, and C. K.
Kent. 2013. 'The estimated direct medical cost of selected sexually transmitted infections in
the United States, 2008', Sex Transm Dis, 40: 197-201.

Pandya, I., M. Shinojia, D. Vadukul, and Y. S. Marfatia. 2014. 'Approach to
balanitis/balanoposthitis: Current guidelines’, Indian J Sex Transm Dis AIDS, 35: 155-157.

Patton, D. L., C. C. Kuo, S. P. Wang, and S. A Halbert. 1987. 'Distal tubal obstruction induced by
repeated Chlamydia trachomatis salpingeal infections in pig-tailed macaques', J Infect Dis,
155: 1292-1299.

Peipert, J. F., L. A. Boardman, and C. J. Sung. 1997. 'Performance of clinical and laparoscopic
criteria for the diagnosis of upper genital tract infection’, Infect Dis Obstet Gynecol, 5: 291-
296.

Peipert, J. F., R. B. Ness, J. Blume, D. E. Soper, R. Holley, H. Randall, R. L. Sweet, S. J.
Sondheimer, S. L. Hendrix, A. Amortegui, G. Trucco, D. C. Bass, Evaluation Pelvic
Inflammatory Disease, and Investigators Clinical Health Study. 2001. 'Clinical predictors of
endometritis in women with symptoms and signs of pelvic inflammatory disease’', Am J
Obstet Gynecol, 184: 856-863; discussion 863-854.

256



Pépin, J., F. Sobéla, S. Deslandes, M. Alary, K. Wegner, N. Khonde, F. Kintin, A. Kamuragiye, M.
Sylla, P. J. Zerbo, E. Baganizi, A. Koné, F. Kane, B. Masse, P. Viens, and E. Frost. 2001.
'Etiology of urethral discharge in West Africa: the role of Mycoplasma genitalium and
Trichomonas vaginalis', Bull World Health Organ, 79: 118-126.

Pereyre, S., C. Laurier Nadalie, C. Bebear, and group investigator. 2017. ‘Mycoplasma genitalium
and Trichomonas vaginalis in France: a point prevalence study in people screened for
sexually transmitted diseases’, Clinical Microbiology & Infection, 23: 122.e121-122.e127.

Perkins, R. "Working girls: Prostitutes, their life and social control’, Canberra: Australian Institute
of Criminology.

Peters, Remco, Oscar Radebe, Thabo Hamiwe, Lerato Maboko, Helen Struthers, James Mclntyre,
and Marleen Kock. 2017. 'P3.190 High rate of repeat sexually transmitted infections among
men who have sex with men in south africa’, Sexually Transmitted Infections, 93: A164.

Peterson, S. N., C. C. Bailey, J. S. Jensen, M. B. Borre, E. S. King, K. F. Bott, and C. A. Hutchison,
3rd. 1995. 'Characterization of repetitive DNA in the Mycoplasma genitalium genome:
possible role in the generation of antigenic variation’, Proceedings of the National Academy
of Sciences of the United States of America, 92: 11829-11833.

Philibert, P., H. Khiri, G. Penaranda, C. Camus, M. P. Drogoul, and P. Halfon. 2014. 'High
Prevalence of Asymptomatic Sexually Transmitted Infections among Men Who Have Sex
with Men', Journal of Clinical Medicine, 3: 1386-1391.

Phillips, Gregory, Manya Magnus, Irene Kuo, Anthony Rawls, James Peterson, Tiffany West-Ojo,
Yujiang Jia, Jenevieve Opoku, and Alan E. Greenberg. 2014. 'Correlates of Group Sex
Among a Community-Based Sample of Men Who Have Sex With Men (MSM) in
Washington, DC', AIDS and Behavior, 18: 1413-1419.

Pinkerton, S. D., J. N. Martin, M. E. Roland, M. H. Katz, T. J. Coates, and J. O. Kahn. 2004. 'Cost-
effectiveness of HIV postexposure prophylaxis following sexual or injection drug exposure
in 96 metropolitan areas in the United States', AIDS, 18: 2065-2073.

Pinkerton, Steven D., and Paul R. Abramson. 1997. 'Effectiveness of condoms in preventing HIV
transmission’, Social Science & Medicine, 44: 1303-1312.

Pitt, R., M. J. Cole, H. Fifer, and N. Woodford. 2018. 'Evaluation of the Mycoplasma genitalium
Resistance Plus kit for the detection of M. genitalium and mutations associated with
macrolide resistance’, Sex Transm Infect, 94: 565-567.

Piyadigamage, A., and J. Wilson. 2005. 'Improvement in the clinical cure rate of outpatient
management of pelvic inflammatory disease following a change in therapy', Sex Transm
Infect, 81: 233-235.

257



Plaas, K., L. Eelmets, K. Ratnik, J. Janes, K. Ruutel, and P. Naaber. 2015. 'Sexually transmitted
infections among men who have sex with men: Prevalence, locations and challenges for
molecular assays', International Journal of STD and AIDS, 1): 102.

Planned Parenthood. "Fun Facts About Condoms; Condom Crawl." In. 2020. edited by Planned
Parenthood. Pacific Southwest.

Plecko, V., L. Zele-Starcevic, V. Tripkovic, M. Skerlev, S. Ljubojevic, S. Plesko, I. Marekovic, and
J. S. Jensen. 2014. 'Unusually low prevalence of Mycoplasma genitalium in urine samples
from infertile men and healthy controls: a prevalence study', BMJ Open, 4: e005372.

Race, Kane, Toby Lea, Dean Murphy, and Kiran Pienaar. 2017. 'The future of drugs: recreational
drug use and sexual health among gay and other men who have sex with men’, Sexual
Health, 14: 42-50.

Ramirez-Valles, Jesus, Lisa M. Kuhns, Richard T. Campbell, and Rafael M. Diaz. 2010. 'Social
Integration and Health: Community Involvement, Stigmatized Identities, and Sexual Risk in
Latino Sexual Minorities', Journal of Health and Social Behavior, 51: 30-47.

Rane, V. S., C. K. Fairley, A. Weerakoon, T. H. Read, G. Fehler, M. Y. Chen, and C. S. Bradshaw.
2014. 'Characteristics of acute nongonococcal urethritis in men differ by sexual preference’,
Journal of Clinical Microbiology, 52: 2971-2976.

Ravel, Jacques, Pawel Gajer, Zaid Abdo, G. Maria Schneider, Sara S. K. Koenig, Stacey L.
McCulle, Shara Karlebach, Reshma Gorle, Jennifer Russell, Carol O. Tacket, Rebecca M.
Brotman, Catherine C. Davis, Kevin Ault, Ligia Peralta, and Larry J. Forney. 2011. 'Vaginal
microbiome of reproductive-age women', Proceedings of the National Academy of Sciences,
108: 4680-4687.

Read, T. R., C. K. Fairley, S. N. Tabrizi, M. Bissessor, L. Vodstrcil, E. P. Chow, M. Grant, J.
Danielewski, S. M. Garland, J. S. Hocking, M. Y. Chen, and C. S. Bradshaw. 2017a.
‘Azithromycin 1.5g Over 5 Days Compared to 1g Single Dose in Urethral Mycoplasma
genitalium: Impact on Treatment Outcome and Resistance’, Clinical Infectious Diseases, 64:
250-256.

Read, T. R. H., J. S. Jensen, C. K. Fairley, M. Grant, J. A. Danielewski, J. Su, G. L. Murray, E. P.
F. Chow, K. Worthington, S. M. Garland, S. N. Tabrizi, and C. S. Bradshaw. 2018. 'Use of
Pristinamycin for Macrolide-Resistant Mycoplasma genitalium Infection', Emerging
Infectious Diseases, 24: 328-335.

Read, T. R. H., G. L. Murray, J. A. Danielewski, C. K. Fairley, M. Doyle, K. Worthington, J. Su, E.
Mokany, L. T. Tan, D. Lee, L. A. Vodstrcil, E. P. F. Chow, S. M. Garland, M. Y. Chen, and
C. S. Bradshaw. 2019a. 'Symptoms, Sites, and Significance of Mycoplasma genitalium in
Men Who Have Sex with Men', Emerg Infect Dis, 25: 719-727.

258



Read, T.R.H., C.K. Fairley, G.L. Murray, J. Danielewski, J. Su, M. Doyle, D. Lee, A. Snow, S.M.
Garland, S. Tabrizi, E. Mokany, L. Tan, E.P.F. Chow, M.Y. Chen, and C.S. Bradshaw.
2017b. 'Prevalence of mycoplasma genitalium and macrolide resistance in asymptomatic
men who have sex with men (MSM) attending a sexual health centre’, Sexually Transmitted
Infections, 93: A28.

Read, Tim R. H., Christopher K. Fairley, Gerald L. Murray, Jorgen S. Jensen, Jennifer Danielewski,
Karen Worthington, Michelle Doyle, Elisa Mokany, Litty Tan, Eric P. F. Chow, Suzanne M.
Garland, and Catriona S. Bradshaw. 2019b. 'Outcomes of Resistance-guided Sequential
Treatment of Mycoplasma genitalium Infections: A Prospective Evaluation’, Clinical
Infectious Diseases, 68: 554-560.

Reece, Michael, Debby Herbenick, VVanessa Schick, Stephanie A. Sanders, Brian Dodge, and J.
Dennis Fortenberry. 2010. 'Condom Use Rates in a National Probability Sample of Males
and Females Ages 14 to 94 in the United States', The Journal of Sexual Medicine, 7: 266-
276.

‘Regional Offices'. World Health Organisation. https://www.who.int/chp/about/regions/en/.

Reinton, N., H. Moi, A. O. Olsen, N. Zarabyan, J. Bjerner, T. M. Tanseth, and A. Moghaddam.

2013. 'Anatomic distribution of Neisseria gonorrhoeae, Chlamydia trachomatis and
Mycoplasma genitalium infections in men who have sex with men’, Sex Health, 10: 199-
203.

Renaudin, H., J. G. Tully, and C. Bebear. 1992. 'In vitro susceptibilities of Mycoplasma genitalium
to antibiotics', Antimicrob Agents Chemother, 36: 870-872.

Retsema, J., A. Girard, W. Schelkly, M. Manousos, M. Anderson, G. Bright, R. Borovoy, L.
Brennan, and R. Mason. 1987. 'Spectrum and mode of action of azithromycin (CP-62,993),
a new 15-membered-ring macrolide with improved potency against gram-negative
organisms', Antimicrob Agents Chemother, 31: 1939-1947.

Reynolds-Wright, J., F. Verrall, M. Hassan-l1brahim, and S. Soni. 2016. 'Implementing a test and
treat pathway for mycoplasma genitalium in men with urethritis attending a gum clinic’,
Sexually Transmitted Infections, 92: A12.

Rietmeijer, Cornelis A., Richard J. Wolitski, Martin Fishbein, Nancy H. Corby, and David L. Cohn.
1998. 'Sex Hustling, Injection Drug Use, and Non-Gay ldentification by Men Who Have
Sex With Men: Associations With High-Risk Sexual Behaviors and Condom Use', Sexually
Transmitted Diseases, 25.

Roper, W. L., H. B. Peterson, and J. W. Curran. 1993. '‘Commentary: condoms and HIV/STD

prevention--clarifying the message', American journal of public health, 83: 501-503.

259


https://www.who.int/chp/about/regions/en/

Ross, J. 2017. "2017 United Kingdom National Guideline for the Management of Pelvic
Inflammatory Disease.” In BASHH.

Ross, J. D. (ed.)™(eds.). 2014. Pelvic inflammatory disease, Medicine (Elsevier).

Ross, J. D., H. S. Cronje, T. Paszkowski, I. Rakoczi, D. Vildaite, A. Kureishi, M. Alefelder, P.
Arvis, P. Reimnitz, and Maiden Study Group. 2006. 'Moxifloxacin versus ofloxacin plus
metronidazole in uncomplicated pelvic inflammatory disease: results of a multicentre,
double blind, randomised trial', Sex Transm Infect, 82: 446-451.

Ross, J. D., and G. McCarthy. 2011. 'UK national guideline for the management of pelvic
inflammatory disease’, British Association for Sexual Health and HIV.

Rubin, H. B., and Donald E. Henson. 1976. 'Effects of alcohol on male sexual responding’,
Psychopharmacology, 47: 123-134.

Ruutel, K., L. Lohmus, and J. Janes. 2015. 'Internet-based recruitment system for HIV and STI
screening for men who have sex with men in Estonia, 2013: analysis of preliminary
outcomes', Euro Surveillance: Bulletin Europeen sur les Maladies Transmissibles =
European Communicable Disease Bulletin, 20: 16.

Sachs, C.J., and B. Thomas. 2018. "Sexual Assault, Infectious Disease Prophylaxis.” In, edited by
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing.

Salado-Rasmussen, K., and J. S. Jensen. 2014. 'Mycoplasma genitalium testing pattern and
macrolide resistance: a Danish nationwide retrospective survey', Clin Infect Dis, 59: 24-30.

Sarro, A. D., and G. D. Sarro. 2001. 'Adverse Reactions to Fluoroquinolones. An Overview on
Mechanistic Aspects’, Current Medicinal Chemistry, 8: 371-384.

Scholes, D., A. Stergachis, F. E. Heidrich, H. Andrilla, K. K. Holmes, and W. E. Stamm. 1996.
'Prevention of pelvic inflammatory disease by screening for cervical chlamydial infection’, N
Engl J Med, 334: 1362-1366.

Sellors, J., J. Mahony, C. Goldsmith, D. Rath, R. Mander, B. Hunter, C. Taylor, D. Groves, H.
Richardson, and M. Chernesky. 1991. 'The accuracy of clinical findings and laparoscopy in
pelvic inflammatory disease’, Am J Obstet Gynecol, 164: 113-120.

Shernoff, Michael. 2005. '‘Condomless Sex: Considerations for Psychotherapy with Individual Gay
Men and Male Couples Having Unsafe Sex', Journal of Gay & Lesbian Psychotherapy, 9:
149-169.

Shlay, Judith C., Melissa W. McClung, Jennifer L. Patnaik, and John M. Douglas, Jr. 2004.
'‘Comparison of Sexually Transmitted Disease Prevalence by Reported Condom Use: Errors
Among Consistent Condom Users Seen at an Urban Sexually Transmitted Disease Clinic',

Sexually Transmitted Diseases, 31.

260



Short, V. L., J. S. Jensen, D. B. Nelson, P. J. Murray, R. B. Ness, and C. L. Haggerty. 2010.
'Mycoplasma genitalium among young, urban pregnant women', Infect Dis Obstet Gynecol,
2010: 984760.

Short, V. L., P. A. Totten, R. B. Ness, S. G. Astete, S. F. Kelsey, and C. L. Haggerty. 2009.
‘Clinical presentation of Mycoplasma genitalium Infection versus Neisseria gonorrhoeae
infection among women with pelvic inflammatory disease’, Clin Infect Dis, 48: 41-47.

Simms, 1., K. Eastick, H. Mallinson, K. Thomas, R. Gokhale, P. Hay, A. Herring, and P. A. Rogers.
2003. 'Associations between Mycoplasma genitalium, Chlamydia trachomatis, and pelvic
inflammatory disease’, Sex Transm Dis: 154-156.

Slifirski, J. B., L. A. Vodstrcil, C. K. Fairley, J. J. Ong, E. P. F. Chow, M. Y. Chen, T. R. H. Read,
and C. S. Bradshaw. 2017. 'Mycoplasma genitalium Infection in Adults Reporting Sexual
Contact with Infected Partners, Australia, 2008-2016', Emerging Infectious Diseases, 23:
1826-1833.

Smith, Michael D., Christian Grov, and David W. Seal. 2009. '‘Agency-Based Male Sex Work: A
Descriptive Focus on Physical, Personal, and Social Space', The Journal of Men’s Studies,
16: 193-210.

Solnik, J. 2018. 'Cervicitis', BMJ Best Practice.

Soni, S., S. Alexander, N. Verlander, P. Saunders, D. Richardson, M. Fisher, and C. Ison. 2010.
"The prevalence of urethral and rectal Mycoplasma genitalium and its associations in men
who have sex with men attending a genitourinary medicine clinic', Sexually Transmitted
Infections, 86: 21-24.

Sonnenberg, P., C. A. Ison, S. Clifton, N. Field, C. Tanton, K. Soldan, S. Beddows, S. Alexander,
R. Khanom, P. Saunders, A. J. Copas, K. Wellings, C. H. Mercer, and A. M. Johnson. 2015.
'Epidemiology of Mycoplasma genitalium in British men and women aged 16-44 years:
evidence from the third National Survey of Sexual Attitudes and Lifestyles (Natsal-3)’,
International Journal of Epidemiology, 44: 1982-1994.

Sonnenberg, Pam, Soazig Clifton, Simon Beddows, Nigel Field, Kate Soldan, Clare Tanton,
Catherine H. Mercer, Filomeno Coelho da Silva, Sarah Alexander, Andrew J. Copas,
Andrew Phelps, Bob Erens, Philip Prah, Wendy Macdowall, Kaye Wellings, Catherine A.
Ison, and Anne M. Johnson. 2013. 'Prevalence, risk factors, and uptake of interventions for
sexually transmitted infections in Britain: findings from the National Surveys of Sexual
Attitudes and Lifestyles (Natsal)', The Lancet, 382: 1795-1806.

Soper, D. E. 2010. 'Pelvic inflammatory disease', Obstet Gynecol, 116: 419-428.

Spence, Des, and Catriona Melville. 2007. 'Vaginal discharge', BMJ, 335: 1147.

261



Starks, Tyrel J., Gregory Payton, Sarit A. Golub, Corina L. Weinberger, and Jeffrey T. Parsons.
2013. 'Contextualizing condom use: Intimacy Interference, stigma, and unprotected sex’,
Journal of Health Psychology, 19: 711-720.

Sundbeck, Mats, Anette Agardh, and Per-Olof Ostergren. 2017. 'Travel abroad increases sexual
health risk-taking among Swedish youth: a population-based study using a case-crossover
strategy', Global health action, 10: 1330511-1330511.

Svenstrup, H. F., S. S. Dave, C. Carder, P. Grant, S. Morris-Jones, M. Kidd, and J. M. Stephenson.
2014. A cross-sectional study of Mycoplasma genitalium infection and correlates in women
undergoing population-based screening or clinic-based testing for Chlamydia infection in
London', BMJ Open, 4: e003947.

Svenstrup, H. F., J. Fedder, J. Abraham-Peskir, S. Birkelund, and G. Christiansen. 2003.
'Mycoplasma genitalium attaches to human spermatozoa’, Hum Reprod, 18: 2103-21009.

Svenstrup, H. F., J. Fedder, S. E. Kristoffersen, B. Trolle, S. Birkelund, and G. Christiansen. 2008.
'‘Mycoplasma genitalium, Chlamydia trachomatis, and tubal factor infertility--a prospective
study’, Fertil Steril, 90: 513-520.

Svenstrup, H. F., J. S. Jensen, K. Gevaert, S. Birkelund, and G. Christiansen. 2006. 'ldentification
and characterization of immunogenic proteins of mycoplasma genitalium’, Clinical &
Vaccine Immunology: CVI, 13: 913-922.

Tabrizi, S. N., A. M. Costa, J. Su, P. Lowe, C. S. Bradshaw, C. K. Fairley, and S. M. Garland. 2016.
'Evaluation of the Hologic Panther Transcription-Mediated Amplification Assay for
Detection of Mycoplasma genitalium', Journal of Clinical Microbiology, 54: 2201-2203.

Tabrizi, S. N., J. Su, C. S. Bradshaw, C. K. Fairley, S. Walker, L. Y. Tan, E. Mokany, and S. M.
Garland. 2017. 'Prospective Evaluation of ResistancePlus MG, a New Multiplex
Quantitative PCR Assay for Detection of Mycoplasma genitalium and Macrolide
Resistance’, Journal of Clinical Microbiology, 55: 1915-1919.

Tagg, K. A., N. J. Jeoffreys, D. L. Couldwell, J. A. Donald, and G. L. Gilbert. 2013.
'Fluoroquinolone and macrolide resistance-associated mutations in Mycoplasma genitalium’,
J Clin Microbiol, 51: 2245-2249.

Takahashi, S., K. Takeyama, Y. Kunishima, K. Takeda, N. Suzuki, M. Nishimura, R. Furuya, and
T. Tsukamoto. 2006. 'Analysis of clinical manifestations of male patients with urethritis', J
Infect Chemother, 12: 283-286.

Taylor-Robinson, D., and C. Bebear. 1997. 'Antibiotic susceptibilities of mycoplasmas and
treatment of mycoplasmal infections', J Antimicrob Chemother, 40: 622-630.

Taylor-Robinson, D., J. S. Jensen, H. Svenstrup, and C. M. Stacey. 2012. 'Difficulties experienced
in defining the microbial cause of pelvic inflammatory disease’, Int J STD AIDS, 23: 18-24.

262



Taylor-Robinson, D., J. G. Tully, and M. F. Barile. 1985. 'Urethral infection in male chimpanzees
produced experimentally by Mycoplasma genitalium', British journal of experimental
pathology, 66: 95-101.

Taylor-Robinson, David, and Jgrgen Skov Jensen. 2011. 'Mycoplasma genitalium: from Chrysalis
to Multicolored Butterfly', Clinical Microbiology Reviews, 24: 498-514.

Taylor, Stephanie N., Barbara VVan Der Pol, Rebecca Lillis, Edward W. Hook, 111, William LeBar,
Thomas Davis, DeAnna Fuller, Leandro Mena, Paul Fine, Charlotte A. Gaydos, and David
H. Martin. 2011. 'Clinical Evaluation of the BD ProbeTec™ Chlamydia trachomatis Qx
Amplified DNA Assay on the BD Viper™ System With XTR™ Technology', Sexually
Transmitted Diseases, 38.

Templeton, D. J., P. Read, R. Varma, and C. Bourne. 2014. 'Australian sexually transmissible
infection and HIV testing guidelines for asymptomatic men who have sex with men 2014: A
review of the evidence', Sexual Health, 11: 217-229.

Terada, M., K. Izumi, E. Ohki, Y. Yamagishi, and H. Mikamo. 2012. 'Antimicrobial efficacies of
several antibiotics against uterine cervicitis caused by Mycoplasma genitalium’, J Infect
Chemother, 18: 313-317.

Thurman, A. R., O. Musatovova, S. Perdue, R. N. Shain, J. G. Baseman, and J. B. Baseman. 2010.
'Mycoplasma genitalium symptoms, concordance and treatment in high-risk sexual dyads',
International Journal of STD & AIDS, 21: 177-183.

"Time for Action.” In. 2009. edited by National Council to Reduce Violence against Women and
their Children. Canberra, Australia: Australian Government.

Topping, A. A., R. R. Milhausen, C. A. Graham, S. A. Sanders, W. L. Yarber, and R. A. Croshy.
2011. 'A comparison of condom use errors and problems for heterosexual anal and vaginal
intercourse’, Int J STD AIDS, 22: 204-208.

Touati, Arabella, Olivia Peuchant, Jorgen S. Jensen, Cécile Bébéar, and Sabine Pereyre. 2014.
'Direct detection of macrolide resistance in Mycoplasma genitalium isolates from clinical
specimens from France by use of real-time PCR and melting curve analysis', Journal of
clinical microbiology, 52: 1549-1555.

Trent, M., C. L. Haggerty, J. M. Jennings, S. Lee, D. C. Bass, and R. Ness. 2011. '‘Adverse
adolescent reproductive health outcomes after pelvic inflammatory disease’, ARCH
PEDIATR ADOLESC MED, 165: 49-54.

Trussell, James. 2011. 'Contraceptive failure in the United States', Contraception, 83: 397-404.

Tully, J. G., D. Taylor-Robinson, R. M. Cole, and D. L. Rose. 1981. 'A newly discovered

mycoplasma in the human urogenital tract’, Lancet, 1: 1288-1291.

263



Tully, J. G., D. Taylor-Robinson, D. L. Rose, R. M. Cole, and J. M. Bove. 1983. 'Mycoplasma
genitalium, a New Species from the Human Urogenital Tract', International Journal of
Systematic Bacteriology, 33: 387-396.

Tully, J. G., D. Taylor-Robinson, D. L. Rose, P. M. Furr, C. E. Graham, and M. F. Barile. 1986.
'Urogenital challenge of primate species with Mycoplasma genitalium and characteristics of
infection induced in chimpanzees', J Infect Dis, 153: 1046-1054.

Unemo, M., K. Salado-Rasmussen, M. Hansen, A. O. Olsen, M. Falk, D. Golparian, M. Aasterod, J.
Ringlander, C. S. Nilsson, M. Sundqvist, K. Schonning, H. Moi, H. Westh, and J. S. Jensen.
2018. 'Clinical and analytical evaluation of the new Aptima Mycoplasma genitalium assay,
with data on M. genitalium prevalence and antimicrobial resistance in M. genitalium in
Denmark, Norway and Sweden in 2016', Clinical Microbiology & Infection, 24: 533-5309.

Unemo, Magnus, and William M. Shafer. 2014. 'Antimicrobial resistance in Neisseria gonorrhoeae
in the 21st century: past, evolution, and future', Clinical Microbiology Reviews, 27: 587-613.

Uno, M., T. Deguchi, H. Komeda, M. Hayasaki, M. lida, M. Nagatani, and Y. Kawada. 1997.
'‘Mycoplasma genitalium in the cervices of Japanese women', Sex Transm Dis, 24: 284-286.

Uno, M., T. Deguchi, H. Komeda, M. Yasuda, M. Tamaki, S. Maeda, I. Saito, and Y. Kawada.
1996. 'Prevalence of Mycoplasma genitalium in men with gonococcal urethritis', Int J STD
AIDS, 7: 443-444.

Upton, A., L. Bissessor, P. Lowe, X. Wang, and G. McAuliffe. 2017. 'Diagnosis of Chlamydia
trachomatis, Neisseria gonorrhoeae, Trichomonas vaginalis and Mycoplasma genitalium: an
observational study of testing patterns, prevalence and co-infection rates in northern New
Zealand', Sexual Health, 21: 21.

van den Boom, Wijnand, Udi Davidovich, José Heuker, Femke Lambers, Maria Prins, Theo
Sandfort, and Ineke G. Stolte. 2016. 'Is Group Sex a Higher-Risk Setting for HIV and Other
Sexually Transmitted Infections Compared With Dyadic Sex Among Men Who Have Sex
With Men?', Sexually Transmitted Diseases, 43: 99-104.

van der Veer, C., M. S. van Rooijen, M. Himschoot, H. J. de Vries, and S. M. Bruisten. 2016.
‘Trichomonas vaginalis and Mycoplasma genitalium: age-specific prevalence and disease
burden in men attending a sexually transmitted infections clinic in Amsterdam, the
Netherlands', Sexually Transmitted Infections, 92: 83-85.

Vandepitte, J., J. Bukenya, P. Hughes, E. Muller, A. Buve, R. Hayes, H. A. Weiss, and H.
Grosskurth. 2012. 'Clinical characteristics associated with Mycoplasma genitalium infection
among women at high risk of HIV and other STI in Uganda’, Sex Transm Dis, 39: 487-491.

Vandepitte, J., H. A. Weiss, N. Kyakuwa, S. Nakubulwa, E. Muller, A. Buve, P. Van der Stuyft, R.
Hayes, and H. Grosskurth. 2013. 'Natural history of Mycoplasma genitalium infection in a

264



cohort of female sex workers in Kampala, Uganda', Sexually Transmitted Diseases, 40: 422-
427.

Vodstreil, L. A., C. K. Fairley, G. Fehler, D. Leslie, J. Walker, C. S. Bradshaw, and J. S. Hocking.
2011. Trends in chlamydia and gonorrhea positivity among heterosexual men and men who
have sex with men attending a large urban sexual health service in Australia, 2002-2009,
BMC Infect Dis, 11: 158.

Waites, Ken B., Li Xiao, Vanya Paralanov, Rose M. Viscardi, and John I. Glass. 2012. 'Molecular
methods for the detection of Mycoplasma and ureaplasma infections in humans: a paper
from the 2011 William Beaumont Hospital Symposium on molecular pathology', The
Journal of molecular diagnostics : JMD, 14: 437-450.

Walker, J., C. K. Fairley, C. S. Bradshaw, S. N. Tabrizi, M. Y. Chen, J. Twin, N. Taylor, B.
Donovan, J. K. Kaldor, K. McNamee, E. Urban, S. Walker, M. Currie, H. Birden, F.
Bowden, J. Gunn, M. Pirotta, L. Gurrin, V. Harindra, S. Garland, and J. S. Hocking. 2011.
"The difference in determinants of Chlamydia trachomatis and Mycoplasma genitalium in a
sample of young Australian women", BMC Infectious Diseases, 11: 35.

Walker, J., C. K. Fairley, C. S. Bradshaw, S. N. Tabrizi, J. Twin, M. Y. Chen, N. Taylor, B.
Donovan, J. M. Kaldor, K. McNamee, E. Urban, S. Walker, M. Currie, H. Birden, F. J.
Bowden, J. Gunn, M. Pirotta, L. Gurrin, V. Harindra, S. M. Garland, and J. S. Hocking.
2013. 'Mycoplasma genitalium incidence, organism load, and treatment failure in a cohort of
young Australian women', Clin Infect Dis, 56: 1094-1100.

Warner, L., J. Clay-Warner, J. Boles, and J. Williamson. 1998. 'Assessing condom use practices.
Implications for evaluating method and user effectiveness', Sex Transm Dis, 25: 273-277.

Warner, L., D. R. Newman, M. L. Kamb, M. Fishbein, J. M. Douglas, Jr., J. Zenilman, L. D'Anna,
G. Bolan, J. Rogers, T. Peterman, and Respect Study Group Project. 2008. 'Problems with
condom use among patients attending sexually transmitted disease clinics: prevalence,
predictors, and relation to incident gonorrhea and chlamydia’, Am J Epidemiol, 167: 341-
349.

Weiss, Karen G. 2009. “Boys Will Be Boys™ and Other Gendered Accounts:An Exploration of
Victims' Excuses and Justifications for Unwanted Sexual Contact and Coercion’, Violence
Against Women, 15: 810-834.

Weller, Susan C., Karen Davis-Beaty, and Susan C. Weller. 2002. 'Condom effectiveness in
reducing heterosexual HIV transmission'.

Westfall, P.H, and S. S. Young. 1993. Resampling-Based Multiple Testing: Examples and Methods

for p-Value Adjustment.

265



Westrom, L., R. Joesoef, G. Reynolds, A. Hagdu, and S. E. Thompson. 1992. 'Pelvic inflammatory
disease and fertility. A cohort study of 1,844 women with laparoscopically verified disease
and 657 control women with normal laparoscopic results', Sex Transm Dis, 19: 185-192.

Westrom, L., and P. Wolner-Hanssen. 1993. 'Pathogenesis of pelvic inflammatory disease’,
Genitourinary Medicine, 69: 9-17.

WHO. 2003. "Guidelines for the management of sexually transmitted infections."” In, edited by
World Health Organisation. Switzerland: World Health Organisation.

Wiesenfeld, H. C., and L. E. Manhart. 2017. 'Mycoplasma genitalium in Women: Current
Knowledge and Research Priorities for This Recently Emerged Pathogen', Journal of
Infectious Diseases, 216: S389-S395.

Wikstrom, A., and J. S. Jensen. 2006. 'Mycoplasma genitalium: a common cause of persistent
urethritis among men treated with doxycycline', Sexually Transmitted Infections, 82: 276.

Williams, J., B. Van Der Pol, B.E. Batteiger, and et. al. 2007. 'Mycoplasma genitalium symptoms
and concordance in sexual dyads', International Society for STD Research Book of
Abstracts, abstract O-034.

Wilson, J.M.G, and G. Jungner. 1968. "Principles and Practice of Screening for Disease." In.
Geneva: World Health Organization.

Wong, Paul, and Bernard Weiner. 1981. Why People Ask “Why " Questions and the Heuristics of
Attributional Search.

Wu, J. R., B. Wang, L. J. Zhou, Y. X. Xie, J. S. Xu, L. S. Chen, T. Yang, and H. X. Guo. 2013.
'Mycoplasmas infection in male HIVV/AIDS patients in Jiangsu, China’, Microbial
Pathogenesis, 63: 54-58.

Xiao, L., K. B. Waites, H. Wang, B. Van Der Pol, A. E. Ratliff, and W. M. Geisler. 2018.
'Evaluation of a real-time PCR assay for detection of Mycoplasma genitalium and macrolide
resistance-mediating mutations from clinical specimens', Diagnostic Microbiology &
Infectious Disease, 91: 123-125.

Yeung, A. H., M. Temple-Smith, C. K. Fairley, A. M. Vaisey, R. Guy, M. G. Law, N. Low, A. L.
Bingham, J. Gunn, J. Kaldor, B. Donovan, and J. S. Hocking. 2014. '‘Chlamydia prevalence
in young attenders of rural and regional primary care services in Australia: a cross-sectional
survey', Med J Aust, 200: 170-175.

Yokoi, S., S. Maeda, Y. Kubota, M. Tamaki, K. Mizutani, M. Yasuda, S. Ito, M. Nakano, H. Ehara,
and T. Deguchi. 2007. 'The role of Mycoplasma genitalium and Ureaplasma urealyticum
biovar 2 in postgonococcal urethritis', Clin Infect Dis, 45: 866-871.

Yoshida, T., S. Maeda, T. Deguchi, and H. Ishiko. 2002. 'Phylogeny-based rapid identification of
mycoplasmas and ureaplasmas from urethritis patients', J Clin Microbiol, 40: 105-110.

266



Zhang, S., D. J. Wear, and S. Lo. 2000. 'Mycoplasmal infections alter gene expression in cultured
human prostatic and cervical epithelial cells', FEMS Immunol Med Microbiol, 27: 43-50.

Zheng, Bing-jie, Yue-ping Yin, Yan Han, Mei-qgin Shi, Ning Jiang, Zhi Xiang, Rui-xing Yu, Guo-yi
Zhang, and Xiang-sheng Chen. 2014. "The prevalence of urethral and rectal Mycoplasma
genitalium among men who have sex with men in China, a cross-sectional study', BMC
Public Health, 14: 195-195.

267



Appendices

Appendix A. Additional information for Chapter 3.

Al. PDF of published study from Chapter 3.

Prevalence of Mycoplasma genitalium by anatomical
site in men who have sex with men: a systematic

» Additional material is
published online only. To view,
please visit the journal online
(http://dx.doi.org/10.1136/
sextrans-2019-054310).

'Melbourne Sexual Health
Centre, Alfred Health,
Melbourne, Victoria, Australia
“Central Clinical School, Monash
University, Melbourne, Victoria,
Australia

3Centre for Women's Infectious
Diseases, Royal Women's
Hospital, Melbourne, Victoria,
Australia

*Murdoch Children’s Research
Institute, Melbourne, Victoria,
Australia

5School of Population and
Global Health, University of
Melbourne, Melbourne, VIC,
Australia

Correspondence to

Rosie L Latimer, Melbourne
Sexual Health Centre, Alfred
Health, Melbourne, VIC 3053,
Australia; rlatimer@mshc.org.au

This work was previously
presented as a poster at

the STI & HIV 2019 World
Congress, Vancouver, Canada.
Poster P525: Prevalence of
Mycoplasma genitalium by
anatomical site in men who
have sex with men: a systematic
review and meta-analysis.

Received 8 October 2019
Revised 10 March 2020
Accepted 20 March 2020

| ) Check for updates

review and meta-analysis

Rosie L Latimer

Dorothy A Machalek,>*> Christopher K Fairley, " Eric P F Chow

Catriona S Bradshaw'%°

ABSTRACT

Objective To systematically review and appraise
published data, to determine the prevalence of
Mycoplasma genitalium (MG) in men who have sex with
men (MSM) tested at each anatomical site, that is, at the
urethra, rectum and/or pharynx.

Design Systematic review and meta-analysis.

Data sources Ovid Medline, PubMed, Embase were
searched for articles from 1st January 1981 (the year MG
was first identified) to 1st June 2018.

Review methods Studies were eligible for inclusion

if they reported MG prevalence in MSM tested at the
urethra, rectum and/or pharyn, in at least 50 MSM,
using nucleic acid amplification testing. Data were
extracted by anatomical site, symptom and HIV status.
Summary estimates (95% Cls) were calculated using
random-effects meta-analysis. Subgroup analyses were
performed to assess heterogeneity between studies.
Results Forty-six studies met inclusion criteria, with

34 reporting estimates of MG prevalence at the urethra
(13753 samples), 25 at the rectum (8629 samples)

and 7 at the pharynx (1871 samples). MG prevalence
was 5.0% (95% Cl 3.5 to 6.8; 1°=94.0) at the urethra;
6.2% (95% CI 4.6 to 8.1; 1>=88.1) at the rectum and
1.0% (95% C1 0.0 to 5.1; 1’=96.0) at the pharynx. The
prevalence of MG was significantly higher at urethral
and rectal sites in symptomatic versus asymptomatic
MSM (7.1% vs 2.2%, p<0.001; and 16.1% vs 7.5%,
p=0.039, respectively). MG prevalence at the urethra
was significantly higher in HIV-positive compared with
HIV-negative MSM (7.0% vs 3.4%, p=0.006).
Conclusion MG was common in MSM, particularly

at urethral and rectal sites (5% to 6%). MG was more
commonly detected in symptomatic men at both sites,
and more common in HIV-positive men at the urethra.
MG was uncommonly detected in the pharynx. Site-
specific estimates are similar to those for chlamydia and
will be helpful in informing testing practices in MSM.
PROSPERO registration number CRD42017058326.
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INTRODUCTION

Mycoplasma genitalium (MG) is a STI, with prev-
alence estimates in the community ranging from
1.3% to 3.9%." The majority of published data
provides estimates of urethral infection with less
data available on MG infection in gay, bisexual and
other men who have sex with men (MSM), particu-
larly for rectal and pharyngeal sites. There has been

,"? Hannah S Shilling,>* Lenka A Vodstrcil @,

2 Tim RH Read, 2

one prior meta-analysis of community-based studies
(n=8) that estimated the overall prevalence of MG
in MSM at 3.2% (95% CI 2.1 to 5.1), but clinic
studies were excluded, and estimates were predom-
inantly derived from urine samples.'

International guidelines recommend screening
for Chlamydia trachomatis (C. trachomatis) and
Neisseria gonorrhoeae (N. gonorrhoeae) in MSM,Z'4
although there is ongoing debate as to the rela-
tive contribution of these STIs at extragenital sites
to transmission.’ Guidelines do not recommend
screening for MG at any site,” * © as the situation
is more complicated than for C. trachomatis or N.
gonorrhoeae due to lack of clarity around the natural
history of MG, and increasing challenges with treat-
ment due to antimicrobial resistance.” Testing for
MG in men with urethritis is recommended by
international guidelines,”® as its pathogenic role in
this syndrome is well established.” MG’s association
with rectal symptoms and the syndrome of proctitis
has been inconsistent across published studies,” °
with UK and Australian guidelines recommending
consideration of testing for MG in men with sexu-
ally acquired proctitis.® ® Site-specific prevalence
estimates in MSM are needed to understand the
contribution of each anatomical site to MG trans-
mission, and to inform testing practices in MSM.

We undertook a systematic review and meta-
analysis of published studies in order to determine
the prevalence of MG at the urethra, rectum and
pharynx of MSM tested for infection at each site,
and to examine the association with symptoms, HIV
status and other factors on site-specific prevalence,
to inform testing and clinical practice in MSM.

METHODS
The study protocol was registered on Prospero (ID
CRD42017058326).

Search strategy and selection criteria

This systematic review and meta-analysis was
reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-analyses
(online supplementary table 1). Two authors (RLL,
HSS) independently searched for published peer-
reviewed studies reporting the prevalence of MG
in MSM by anatomical site, from 1st January 1981
(the year MG was first identified) to 1st August
2017, with the search updated on the 1st June 2018.

BM)
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We included cross-sectional, longitudinal and cohort studies,
and randomised controlled trials where baseline MG prevalence
was reported, and conference abstracts from major STI confer-
ences between 1st January 2015 and 1st June 2018 for studies
that may not have been published yet. The search was performed
using Ovid Medline, PubMed and Embase using search terms
((‘mycoplasma genitalium’ or ‘mycoplasma infections’ or ‘myco-
plasmosis’) and/or (‘men adj3 sex” or ‘males adj3 sex” or ‘homo-
sexual” or ‘homosexuality’)) (online supplementary table 2).
Medical Subject Headings (MeSH) were used where possible.
Reference lists of included studies were reviewed to identify
other relevant studies. Studies were eligible for inclusion if they
were published in English and reported MG prevalence at the
urethra, rectum and/or pharynx, in at least 50 MSM, to reduce
small study bias. Prevalence at each anatomical site was defined
as the prevalence among MSM tested for MG at each anatom-
ical site. Definition of MSM varied between studies. Participants
were assumed to be MSM if studies stated that men either had
male sexual partners, or if men had a rectal swab collected.! 12

Two reviewers (RLL, HSS) independently screened studies for
eligibility using Covidence systematic review software (Veritas
Health Innovation, Melbourne, Australia). Abstracts and titles
were screened, and then articles reviewed. Differences were
resolved by discussion with other reviewers (CSB, LAV and/or
DAM). When multiple articles reported on the same study popu-
lation, we either included the most comprehensive article or the
original article published.

Data extraction

Variables extracted included: name of first author, publication
year, study design, geographical location (using WHO regions), "
study period, study setting, median or mean age, HIV status,
symptom status, symptom location, clinical diagnoses, number
of participants, laboratory testing methods and number positive
for MG by specimen type (urethral swab, first-void urine, rectal
swab, and/or pharyngeal swab). Prevalence estimates with 95%
ClIs were also extracted. One reviewer (RLL) extracted the data,
and a second reviewer (HSS) checked data for transcription errors.
Any disagreements were discussed between the two reviewers,
with differences resolved by discussion with CSB. Authors were
contacted for data where estimates were not stratified by anatom-
ical site, HIV or symptom status, or if the study design suggested
that additional information was available. Where data was only
presented as percentages and authors did not provide raw data on
contact, numerical values were generated from percentages if suffi-
cient data were available. Where CIs were not reported, these were
calculated using binomial methods.

Primary outcome

The primary outcome was the prevalence of MG in MSM at
the urethra, rectum and/or pharynx. This was calculated as the
number of men who tested positive for MG at each site (defined
as a positive test using nucleic acid amplification testing) divided
by the total number tested for MG at the site.

Secondary outcome

Secondary outcomes included the prevalence of MG either by
symptom status (asymptomatic vs symptomatic), HIV status
(HIV-negative vs HIV-positive) or recruitment setting or loca-
tion. Analyses were dependent on sufficient data being available.

Analysis

Summary prevalence estimates were calculated using random-
effects meta-analysis with Freeman-Tukey double arcsine trans-
formation, and study-specific 95% ClIs computed using score

method." Included studies were examined using forest plots.
I? statistics were calculated to assess between-study heteroge-
neity when more than two studies were included, with values
of <25%, 25%-75% and >75% representing low, medium and
high heterogeneity, respectively. The x> statistic was used to
assess the strength of the evidence for heterogeneity.

We undertook subgroup analyses and univariable random-
effects meta-regression by symptom status, HIV status and broad
WHO geographic region,™ to investigate potential sources of
heterogeneity. Sensitivity analyses were conducted to determine
the effect on summary estimates of removal of either: i) outlier
studies, or ii) studies at high risk of being non-representative of
MSM. Studies were considered outliers if they fell outside the
overall pattern of distribution for prevalence at each site. Studies
were considered at risk of not representing the wider MSM
community if a) the sample was not a true representation of the
broader MSM population, for example select HIV patients, or
b) MSM were not clearly defined as men who had penetrative
sex in the past year with another man. Data were analysed using
Stata (V.14.0, StataCorp, Austin, Texas, USA).

Assessment of bias and quality

The potential presence of publication and small study bias was
assessed using funnel plots of proportions against study samples
size and the Egger test.” To evaluate within study bias, we
adapted an instrument designed by Hoy et al, which examines
both the internal and external validity of selected studies (online
supplementary table 3)."® The tool consisted of eight questions
and two reviewers (RLL, HSS) independently assessed each
study as being low, medium or high risk of bias for each item,
with differences resolved by discussion with CSB.

RESULTS

Study selection

The search process identified 4518 records and 2595 duplicates
were removed. Titles and abstracts of 1923 records were screened
and 1586 excluded, leaving 337 records for full-text screening.
Forty-six records were included in the final analysis (figure 1,
included studies described in online supplementary table 4).

Study characteristics

Of the 46 included studies, 34 reported MG prevalence at the
urethra (n=13 753 samples), 25 at the rectum (n=8629 samples)
and 7 at the pharynx (n=1871 samples) (table 1). Sample sizes
ranged from 51 to 6293 (online supplementary table 4). Nineteen
studies provided information on the presence of symptoms, 1177
and 29 on HIV status, !0 18-22 247303233 35448 56t studies (n=20
(429)) were from Europe, '® 23 26 29 33 34 37 38 40 42 44-46 4955 13
(28%) were from the Western Pacific, although all were from
Australia and China, !0 172028 30-3235 41474856 57 19 (606) were
from the Americas, predominately the USA,'? 2! 222425 273639 58-60
Y1 and the WHO Africa region contained only one South African
study (29%),® (table 1, online supplementary table 4). Overall, 36
(78%) studies were cross-sectional, !0 17-26 28 33 35-37 39424349 51-59
V16 (139%) were retrospective cohorts?®=31 343060 4nd 4 (99%)
were prospective cohort studies”” 234 (table 1, online supple-
mentary table 4).

Mycoplasma genitalium prevalence at the urethra
Prevalence of MG at the urethra (n=34 studies) ranged from 0%
to 25.5%, with a summary estimate of 4.6% (95% CI 3.0 to 6.4;
I’=94.4%) (table 2).

Of the 15 studies reporting symptom status at the urethra, 12
included symptomatic men and 9 asymptomatic men. Prevalence
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Electronic database Electronic database
search 1/09/17 search 1/06/18
» Medline (n=1078) » Medline (n=66)
» Medline (epub » Medline (epub
ahead of print, in ahead of print, in
process (n=1193) process (n=157)
* Embase (n=1813) » Embase (n=182)
« Cochrane (n=26) » Cochrane (n=3)
Total n=4110 Total n=408
Number of unique references screened ' Duplicates removed |
n=1923 S

e e e e T T T

................

Articles excluded |
upon screening !
n=1586 :

Number of full-article texts assessed for
eligibility
n=337

' excluded n=291 E
! « Stratified data not available !
' (n=73) :
i » Non-MSM patient :
E population (n=51) E
----------------------- - « Abstract, priorto 2015 ;
' (n=48) '
1 » <50 patients (n=45) :
, * Prevalence not reported '
i (n=40) :
E + Ineligible study design E
' (n=18) |
' » Duplicate dataset (n=5) ]
« Duplicate article (n=4) )
= Not in English (n=4) :
» » No clinical data (n=2) :
E » Did not use NAAT testing E

Number of studies included in meta-
analysis
n=46

mn

Figure 1 Flow diagram of studies included in meta-analysis of the prevalence of Mycoplasma genitalium among men who have sex with men
(MSM). epub, electronic publication; n, number; NAAT, nucleic acid amplification testing.
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Table 1 Characteristics of included studies (n=46)

Urethra n=34 (total sample=13

Rectum n=25 (total Pharynx n=7 (total

All n=46 753%) sample=8629) sample=1871)

Publication year (range) 2006-2018 2006-2018 2008-2018 2009-2018
Period of sample collectiont 2002-2017 2002-2017 2002-2017 2002-2017
Symptom status

Asymptomatic 12 9 (3449) 4(2150) 1 (54)

Symptomatic 18 12 (1494) 5 (436) 0(0)
HIV status

Negative 21 14 (4026) 7(1058) 1(17)

Positive 27 18 (1889) 11 (1274) 2 (156)
WHO geographic region

Africa 1 1(78) 1(78) 0(0)

Europe 20 14 (5329) 10 (3534) 2 (349)

The Americas 12 8(3808) 7 (1866) 1(57)

Western Pacific 13 11 (4538) 7(3151) 4 (1465)
Recruitment setting

Laboratory 2 0(0) 2 (156) 0(0)

Community# 8 9 (4245) 3 (1054) 2 (621)

Clinic§ 36 26 (8998) 8 (7355) 4 (735)
Type of study

Cross-sectional 36 28 (10 594) 19 (5988) 6(1817)

Prospective cohort 4 3(1278) 3(1512) 1 (54)

Retrospective cohort 6 3(1881) 3(1129) 0(0)

*Includes 13751 first pass urines and 2 urethral smears.
tFive studies missing date of sample collection.
tIncludes one study conducted at a sex on premises venue.

§Includes 28 studies which recruited from STI clinics, 5 studies which recruited from HIV clinics, 1 mixed methods study (Cosentino) which predominately recruited from a HIV
clinic, 1 study which recruited HIV-positive men in an anal cancer screening programme (Fuchs) and 1 study conducted at primary healthcare centres which target MSM (Peters).

n, number.

of MG was higher among men with urethral symptoms (7.1%
(95% CI 4.7 to 9.7; ’=67.2)) than among asymptomatic men
(2.2% (95% CI 1.0 to 3.7; P=81.8)) (p<0.001) (table 2, online
supplementary figure 1).

Twenty studies examining prevalence of MG at the urethra
reported HIV status; 18 studies included men living with HIV
and 14 included HIV-negative men. Urethral prevalence of MG
was higher among men living with HIV (7.0% (95% CI 3.0 to
12.2; ’=86.3)) than among HIV-negative men (3.4% (95% CI
1.8 to 5.5; [’=82.6)) (p=0.006) (table 2, online supplementary
figure 2).

Prevalence of urethral MG varied across geographical regions
(table 2), although assessment of geographical regions was
impacted by the limited number of countries providing data in
each region. Prevalence of urethral MG was 1.3% (95% CI 0.2
to 6.9) in the single African study, 2.2% (95% CI 1.3 to 3.3;
Iz=75.3) across European studies (n=14 studies), 7.4% (95% CI
4.8 to 10.6; ’=86.5) in studies from the Americas (n=8 studies)
and 8.29% (95% CI 4.0 to 13.6; 1*=97.1) across studies from the
Western Pacific (n=11 studies). Prevalence of MG did not differ
by recruitment setting (table 2).

Mycoplasma genitalium prevalence at the rectum
Prevalence of MG at the rectum (n=23 studies) ranged from 0%
to 29.9%, with a summary estimate of 6.1% (95% CI 4.5 to 7.9;
°=89.0) (table 2). One outlier study by Ong et al reported a
prevalence of 29.9%.%° A sensitivity analysis excluding this study
resulted in a summary estimate of 5.4% (95% CI 4.2 to 6.8;
>=81.9) (online supplementary table 6).

Of the seven studies reporting symptom status at the rectum,
five included symptomatic men and four asymptomatic men.

Prevalence of MG was higher among men with rectal symptoms
(16.1% (95% CI 7.2 to 27.5; 1’=82.9)) than asymptomatic
men (7.5% (95% CI 5.4 to 10.0; 2=72.5)) (p=0.039) (Table 2,
online supplementary figure 3).

Eleven studies examining prevalence of MG at the rectum
reported HIV status; all included men living with HIV, with
seven also including HIV-negative men. Rectal prevalence of
MG was not different among men living with HIV (10.6%
(95% CI 5.5 to 17.0; ’=89.4)) compared with HIV-negative
men (6.8% (95% CI 1.2 to 15.8; I’=94.4)) (p=0.456) (Table 2,
online supplementary figure 4).

The prevalence of rectal MG varied across geographical
regions (table 2). Prevalence of rectal MG was 0.0% (95% CI
0.0 to 4.7) in the single African study, 4.3% (95% CI 3.1 to 5.7;
[*=56.0) across European studies (n=10 studies), 6.3% (95% CI
4.1 to 8.9; I*’=65.0) in studies from the Americas (n=7 studies)
and 9.5% (95% CI 5.1 to 15.1; ’=95.5) across studies from the
Western Pacific (n=7 studies). Prevalence of MG did not differ
by recruitment setting (table 2).

Mycoplasma genitalium prevalence at the pharynx

Prevalence of MG at the pharynx (n=7 studies) ranged from
0% to 13.4%, with a summary estimate of 1.0% (95% CI 0.0 to
5.1; ’=96.0) (table 2, online supplementary figure 5). Six of the
seven studies reported pharyngeal prevalence between 0% and
2%. One outlier study by Jiang et al reported a prevalence of
13.49%.%7 A sensitivity analysis excluding this study resulted in a
summary estimate of 0.0% (95% CI 0.0 to 0.3; 1>=36.6) (online
supplementary table 6). As symptom status was only reported in
one study,** subgroup analysis by symptoms was not performed.
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Two studies examining prevalence of MG at the pharynx
reported HIV status. One study included MSM living with HIV
only, and the other included both men living with and without
HIV, with no difference in the prevalence of pharyngeal MG by
HIV status (p=0.891) (table 2).

The prevalence of pharyngeal MG did not differ by geograph-
ical region, ranging from 0.0% (95% CI 0.0 to 5.2) across
European studies (n=2 studies), to 1.8% (95% CI 0.3 to 9.3) in
studies from the Americas (n=1 study) and 1.8% (95% CI 0.0
to 10.3) across studies from the Western Pacific (n=4 studies)
(table 2). Prevalence of MG did not differ by recruitment setting
(table 2).

Between-study bias

Assessment of funnel plots indicated no small study effects
(online supplementary table 6-8), although inclusion criteria
required studies to contain =50 MSM. There was no evidence
of publication bias by the Egger test, with a coefficient of 0.23
(95% CI —0.65 to 1.11; p=0.573).

Within-study bias

Online supplementary table 5 provides a summary of risk of
bias for included studies, using the adapted tool from Hoy et
al (online supplementary table 3). Twenty-one studies (46%)
were deemed to be at low risk of bias, 23 (50%) at medium
risk and 2 studies (4%) at high risk of bing S0 W Only one
study was considered as low risk of bias across all domains.*’
Thirteen studies randomly or consecutively selected partici-
pants or specimens, !0 18 22725 324044493255 Geyen studies did not
state the study population to be MSM but used rectal samples
from men,* 3052343560 W1 which for the purpose of this meta-
analysis were assumed to be from MSM."""> ¥2 Four papers did
not provide a numerator or denominator, instead presenting
percentage data.*! 33 57 6% Sensitivity analyses which removed
studies deemed to be at high risk of representative bias or outlier
studies did not show any major shift in summary estimates
(online supplementary table 6,7).

DISCUSSION

To our knowledge, this is the first meta-analysis to determine the
prevalence of MG by anatomical site in MSM tested for infec-
tion at each site, and to explore the association between MG and
specific factors such as symptom and HIV status. We combined
data from 46 studies, representing nearly 24 000 samples. Preva-
lence of MG in MSM ranged from 0% to 29.9%, with summary
estimates of 6.2% (95% CI 4.6 to 8.1; 1*=88.1) at the rectum,
5.0% (95% CI 3.5 to 6.8; ’=94.0) in the urethra and 1.0%
(95% CI 0.0 to 5.1; ’=96.0) in the pharynx, but estimates were
limited by high heterogeneity. MG was more common in MSM
with symptoms at the urethra or rectum and more common at
the urethra in MSM living with HIV.

The prevalence of MG in this study was similar to C.
trachomatis prevalence estimates in MSM, which have been
reported in the order of 3.5%-3.7% at the urethra, 5.6% (95%
CI4.8 to 6.3) at the rectum and 0.5% (95% CI 0.2 to 0.9) at the
pharynx.Y*¥3 Screening for C. trachomatis and N. gonorrhoeae
at urethral, rectal and pharyngeal sites in MSM is recommended
in many countries.”™ However, WHO states a number of key
principles must be satisfied when screening for an infection,¥*
including: 1) the natural history of the condition should be
understood and 2) the cost-benefit of finding and treating cases
should be balanced.¥* MG meets neither criteria, with limited
knowledge of the natural history of asymptomatic MG infection,

particularly in MSM, and increasing antimicrobial resistance
resulting in greater use of costly antimicrobials that can be asso-
ciated with serious side effects.”

Our meta-analysis confirmed MG to be uncommonly detected
in the pharynx of MSM (1%), although estimates were limited
by small numbers of included studies. When the outlier study by
Jiang et al was excluded, the overall estimate declined to 0.0%
(95% CI 0.0 to 0.3; =36.6).%” In contrast to N. gonorrhoeae,
where pharyngeal prevalence is 5.5%-8.3%,%” ¥* pooled esti-
mates of MG appear similar to those for chlamydia at 0.5%."
These data suggest the pharynx does not play a significant role
in transmission of MG.

While MG is an established cause of urethritis, its contribution
to proctitis has been less clear. Several studies have reported no
association between rectal MG and proctitis.” > * However in
this meta-analysis MG was associated with symptoms at both the
urethra and rectum. These data support recommendations that
MG testing should be undertaken in men with urethral symp-
toms,® and suggest that MG is associated with rectal symptoms
in MSM, supporting UK and Australian guidelines that recom-
mend consideration of MG testing in men with proctitis.® ®

Our meta-analysis found the prevalence of MG to be higher
at the urethra among men living with HIV compared with
HIV-negative men. The pattern was similar at the rectum, but
there were fewer studies, limiting this comparison. A prior
meta-analysis reported an association between MG and HIV
(OR=2.01, 95% CI 1.44 to 2.79),"’ but only two studies with
data specific to MSM were included.¥* While our data suggests
MG may be more common at the urethra and rectum in HIV-
positive men, specific recommendations around testing for MG
in men living with HIV cannot be inferred from these results due
to the high heterogeneity and limited number of studies. Overall
however, these data add plausibility to a relationship between
MG and HIV, as has been previously reported. ¥’

There were several important limitations to this study.
Random-effects meta-analysis takes into consideration real
or larger heterogeneity between studies, but despite this we
recorded high heterogeneity in most of the summary estimates.
Symptoms and HIV status were only known for a subset of
studies, reducing precision around these estimates. Assess-
ment of the influence of geographical region on MG preva-
lence was greatly impacted by the limited number of countries
providing regional data. While the prevalence of MG appeared
highest in the Western Pacific, studies from this region only
originated from Australia and China. Similarly, only one South
African study contributed to African estimates, and there were
no studies from South East Asian or Eastern Mediterranean
regions. High heterogeneity may have resulted from a combi-
nation of all three of the risk factors explored (ie, symptoms,
HIV status and geographical location), but the small number
of studies available for each end point limited our ability to
perform multivariable meta-regression analyses.'* Y1* As
information on potentially important factors such as age and
risk behaviour were not consistently reported, we could not
assess the impact of these on heterogeneity. There was limited
power to look at the influence of time (ie, year of study) within
different subgroups. Few of the included studies were from
systematically sampled populations, as screening is not recom-
mended for MG, and testing has generally been limited to
symptomatic individuals and specialist services with access to
research assays, resulting in over-representation of STI clinics
compared with other sites. Thus, estimates may represent a
select population, contributing to the significant heterogeneity
and limited generalisability of the findings. Finally, this review
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was limited to studies published in English only, which also
limits the generalisability of our findings; however, only four
studies were excluded on this basis.

Our meta-analysis found the prevalence of MG to be similar
to that of C. trachomatis in MSM tested across all three anatom-
ical sites, with associations seen between symptoms and HIV-
positivity in subgroup analyses. This meta-analysis provides
site-specific estimates for MG in MSM that, despite high heter-
ogeneity, represent biologically plausible patterns of infection.
These data provide an evidence base to inform testing and
clinical practice, and highlight the need for further research in
this population to understand the pathogenic role and natural
history of MG in MSM.

» Prevalence of Mycoplasma genitalium (MG) at the urethra,
rectum and pharynx was estimated in men having sex with
men (MSM) tested for infection at each site.

» MG prevalence was 5.0% (95% Cl 3.5 to 6.8; I’=94.0) at the
urethra; 6.2% (95% Cl 4.6 to 8.1; 1°=88.1) at the rectum and
1.0% (95% C1 0.0 to 5.1; I’=96.0) at the pharynx.

» The prevalence of MG was higher at urethral and rectal sites
in symptomatic versus asymptomatic MSM.

» MG prevalence at the urethra was higher in HIV-positive
compared with HIV-negative MSM.
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Extragenital Mycoplasma genitalium infections
among men who have sex with men
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ABSTRACT

Objectives There are limited data on the prevalence
of Mycoplasma genitalium (Mgen) coinfection with
rectal chlamydia (Chlamydia trachomatis (CT)) and rectal
gonorrhoea (Neisseria gonorrhoeae (NG)) infections and
few studies examining the prevalence of pharyngeal
Mgen in men who have sex with men (MSM). Using
transcription-mediated amplification assay, this study
aimed to determine the proportion of rectal CT and rectal
NG infections in MSM who are coinfected with rectal
Mgen, and the proportion of MSM with Mgen detected
in the pharynx in order to inform clinical practice.
Methods This was a cross-sectional study conducted at
Melbourne Sexual Health Centre in Australia. Consecutively
collected rectal swabs from MSM that tested positive for
CT (n=212) or NG (n=212), and consecutively collected
pharyngeal samples (n=480) from MSM were tested for
Mgen using the Aptima Mycoplasma genitalium Assay
(Hologic, San Diego). Samples were linked to demographic
data and symptom status.

Results Rectal Mgen was codetected in 27 of 212
rectal CT (13%, 95% Cl 9 to 18) and in 29 of 212 rectal
NG (14%, 95% Cl 9 to 19) samples, with no difference
in the proportion positive for Mgen. MSM with rectal
CT/Mgen coinfection had more sexual partners than
those with rectal CT monoinfection (mean 6 vs 11,
p=0.06). MSM with rectal NG/Mgen coinfection were
more likely to be HIV-positive than those with rectal

NG monoinfection (OR=2.96, 95% C| 1.21 to 7.26,
p=0.023). MSM with rectal CT/Mgen coinfection were
more likely to be using pre-exposure prophylaxis than
MSM with rectal NG/Mgen coinfection (OR 0.25, 95%
C10.10 to 0.65, p=0.002). Pharyngeal Mgen was
uncommon and detected in 8 of 464 samples (2%, 95%
Cl 1% to 3%). Pharyngeal Mgen was associated with
having a rectal STI (OR=10.61, 95% Cl 2.30 to 48.87,
p=0.002), and there was a borderline association with
being HIV-positive (p=0.079).

Conclusion These data indicate one in seven MSM
treated for rectal CT or rectal NG will have undiagnosed
Mgen that is potentially exposed to azithromycin during
treatment of these STls. Rectal Mgen coinfection was
associated with specific risk factors which may inform
testing practices. Pharyngeal Mgen was uncommon.

INTRODUCTION

Mycoplasma genitalium (Mgen) is an established
cause of urethritis'; however, there are limited data
on the prevalence of Mgen at anatomical sites other

than the urethra. A recent meta-analysis estimated
the prevalence of Mgen in men who have sex with
men (MSM) in the community at 3.2% (95% CI 2.1
to 5.1).% Studies in urban STI clinics in Melbourne
and Sydney estimate the overall prevalence of Mgen
in MSM between 9.5% and 13.4%, respectively,
with a prevalence of 7.0%-8.9% in the rectum and
2.7%-4.9% in the urethra.® * There are limited data
on the prevalence of Mgen coinfection with the
two most common STIs, Chlamydia trachomatis
(CT) and Neisseria gonorrhoeae (NG). In a study of
clinical samples collected at STT clinics in London,
Mgen was found to be a coinfection in 13.0% of
CT and 2.4% of NG infections in all people at the
clinic, including women, using PCR.> Screening
and/or testing for CT and NG at extragenital sites
is commonly performed in MSM in line with inter-
national guidelines®; however, this is not currently
recommended for Mgen.

Both CT and NG have been commonly treated
with macrolides, in accordance with international
treatment guidelines.® 7 Britain has recently moved
away from azithromycin for first-line treatment of
CT and NG due to growing concerns over macrolide
resistance.® > One gram (1g) of azithromycin has
also commonly been recommended for treatment
of Mgen®’; however, macrolide resistance is now
detected in at least 40%-60% of Mgen infections in
many countries,'’ ' and treatment failure following
azithromycin currently exceeds 60% in Melbourne,
Australia. Treatment with 1g azithromycin leads
to the selection of macrolide resistance in at least
12% of infections.'? ' The inadvertent exposure
of Mgen to azithromycin during treatment of
CT or NG infections may lead to the selection of
macrolide resistance and contribute to the rising
rates of macrolide resistance seen in Mgen globally
over the past decade.'?

Screening for NG and CT in the pharynx is
widely recommended in MSM." There are few
studies on the prevalence of Mgen in the pharynx,
with conflicting data from published studies. In
two Australian studies Mgen was not detected in
the pharynx of MSM.> ¥ However another study
presented at the STI & HIV World Congress in
2015 showed a high prevalence of pharyngeal
Mgen (13.5%) among 388 MSM recruited from
gay bars in five cities across China.'® All studies to
date have used PCR-based assays. We used a highly
sensitive  transcription-mediated  amplification
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(TMA) assay to determine the prevalence of Mgen in MSM
attending Melbourne Sexual Health Centre (MSHC), given the
high background prevalence of rectal (7%) and urethral (3%)
Mgen infection in asymptomatic MSM at MSHC.*

This study aimed to determine the proportion of rectal
chlamydial and gonococcal infections in MSM coinfected with
rectal Mgen and predictors of coinfection, as well as the propor-
tion of MSM infected with Mgen in the pharynx and the risk
factors associated with pharyngeal Mgen.

MATERIALS AND METHODS

This was a cross-sectional study among MSM attending MSHC
in Victoria, Australia, between May 2017 and January 2018.
Patients presenting to MSHC routinely complete a computer-as-
sisted self-interview (CASI) about their sexual history, including
gender, number of partners and condom use over the last 3
months, HIV status, and use of pre-exposure prophylaxis (PrEP)
for HIV. MSM were identified as men attending MSHC who
reported having anal sex with another man in the previous year
via CASL. MSHC is the largest public sexual health service in
Victoria, Australia. The centre provides around 50 000 consulta-
tions every year, with 36% of consultations for MSM.

We examined the prevalence of Mgen rectal coinfection with
either CT or NG, and the prevalence of Mgen pharyngeal infec-
tion, in serially collected specimens. Clients attending MSHC
are offered free screening for STIs, including rectal and pharyn-
geal CT and NG, with swabs tested using Aptima Combo 2 TMA
Assay (Hologic, San Diego, California, USA).

Rectal coinfection

Consecutive swabs that tested positive for CT or NG were stored
at room temperature in Aptima specimen transport tubes until
further testing, and samples obtained from MSM were identi-
fied. Rectal samples that tested positive for CT from HIV-pos-
itive patients at MSHC were sent to an external laboratory for
Lymphogranuloma venereum (LGV) testing and were therefore
not available for this study. Samples from MSM were stored until
batches of 100 samples were formed. Samples were stored and
tested within 60 days. Samples were assessed prior to further
testing to determine if there was sufficient remaining buffer; a
minimum of 1.7 mL of buffer was required for Mgen testing and
samples without sufficient buffer were discarded. The remaining
samples were tested for Mgen using the Aptima Mycoplasma
genitalium Assay (Hologic). Equal numbers of sequential CT and
NG positive samples were selected.

Pharyngeal infection

All consecutive pharyngeal swabs with sufficient remaining buffer
following testing for CT and NG were stored at room tempera-
ture, and swabs from MSM were identified. Samples from MSM
were stored until batches of 100 samples were formed. Samples
were stored and tested within 60 days. Samples determined to
have adequate buffer remaining were tested for Mgen using the
Aptima Mycoplasma genitalium Assay (Hologic).

Data extraction

Samples were linked to demographic and epidemiological
data (eg, age, number of male partners, condom and PrEP use,
and HIV status), as well as clinical diagnosis, presence of any
symptoms and reason for presentation, and then irreversibly

deidentified.

Statistical analysis

All analyses were performed using Stata IC V.14 (StataCorp,
College Station, Texas). We estimated that if 5% of 225 CT or
NG samples were positive for Mgen, this would yield CIs of
2.5% to 8.6%. We used univariable and multivariable logistic
regression analyses to determine risk factors associated with
rectal coinfection with CT/Mgen and rectal coinfection with
NG/Mgen, and pharyngeal Mgen monoinfection. Variables
were included in multivariable models if the p value was <0.035;
strongly correlated variables were excluded from multivariable
analyses. Ninety-five per cent binomial CIs were calculated for
all proportions.

RESULTS

Characteristics of rectal samples examined for coinfection
Four hundred and eighty rectal samples, positive for either CT or
NG, were selected for testing for Mgen. Fifty-five (11%) samples
yielded invalid results due to insufficient buffer despite careful
selection. Valid results were obtained for 212 rectal samples that
were positive for CT and 212 rectal samples that were positive
for NG. One sample which was positive for both CT and NG
and excluded from analyses tested negative for Mgen.

Characteristics of cases with rectal CT compared with rectal
NG

Compared with MSM with rectal NG, MSM with rectal CT
were more likely to be presenting to MSHC as a contact with
partners diagnosed with an STI (p=0.07) and to be using PrEP
(p=0.084), although these did not reach significance (table 1).
MSM with rectal NG were more likely to be symptomatic
compared with those with rectal CT (OR=2.54, 95% CI 1.71
to 3.77, p<0.001; table 1). MSM with rectal NG were more
likely to be HIV-positive compared with men with rectal CT
(OR=5.40, 95% CI 2.32 to 12.52, p<0.001) (table 1), although
this finding is likely to have been influenced by the removal of
a significant proportion of rectal CT samples from HIV-positive
men for LGV testing. Both groups were similar in terms of age,
number of sexual partners and condom use.

A relatively high proportion of MSM with rectal CT also had
urethral CT (41/211 (19%, 95% CI 14 to 25)) and pharyngeal
CT (25/212 (12%, 95% CI 8 to 17)) (table 1). In patients who
had rectal NG, 66 of 208 (32%, 95% CI 25 to 39) also had
urethral NG, and 85 of 209 (41%, 95% CI 34 to 48) had phar-
yngeal NG (table 1).

Characteristics of rectal CT and rectal NG cases that were
coinfected with rectal Mgen

Overall, Mgen was detected in 27 of 212 rectal CT samples
(13%, 95% CI 9 to 18) and in 29 of 212 rectal NG samples
(14%, 95% CI 9 to 19) (table 1), with no difference in the
proportion of cases with Mgen coinfection (p=0.774) (table 1).

MSM with rectal CT/Mgen coinfection had more sexual part-
ners than those who had rectal CT monoinfection (mean 6 vs 11,
p=0.06); however, this was of borderline significance (table 2).
There were no significant differences in terms of age, condom
use in the last 3 months, symptom status, whether they were an
STI contact or STIs at other anatomical sites (table 2).

MSM with rectal NG/Mgen coinfection were more likely
to be HIV-positive than those with rectal NG monoinfection
(OR=2.96, 95% CI 1.21 to 7.26, p=0.023) (table 2). There
were no significant differences in terms of age, number of sexual
partners, PrEP usage, symptom status or reason for presentation

(table 2).
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Table 1  Demographics and epidemiological characteristics of Neisseria gonorrhoeae cases compared with Chlamydia trachomatis cases (N=424)
C. trachomatis, n=212 (%, 95% Cl) or N. gonorrhoeae, n=212 (%, 95% Cl) or

mean (range) mean (range) OR (95% Cl) P value*
Age
33 32 0.99 0.360
(20-84) (21-59) (0.97 t0 1.01)
Number of male sexual partners in the last 3 months
6 9 1.01 0.213
(0-100) (1-270) (0.99 to 1.03)
Condom use with male partners in the last 3 months
Not always 169 157 1
(84, 78 to 89) (81, 75 to 86)
Always 32 37 1.24 0.410
(16, 11 to 22) (19, 14 to 25) (0.74 to 2.09)
HIV statust
Negative 204 178 1
(97,93 t0 97) (84, 79 to 89)
Positive 7 33 5.40 <0.001
(3.1t07) (16,11 to 21) (2.321012.52)
Using PrEP$
No 139 136 i}
(68, 62 to 75) (76, 69 to 82)
Yes 64 42 0.67 0.084
(32,25 t0 38) (24,18 t0 31) (0.43 to 1.06)
Symptomatic§
No 144 96 1
(68, 61 to 74) (46,39 0 53)
Yes 68 15 2.54 <0.001
(32,26 to 39) (54, 47 t0 61) (1.71 10 3.77)
Anal symptoms|
No 201 180 1
(95,91 10 97) (85, 79 to 89)
Yes " 32 3.25 0.001
(5,3109) (15,11 to 21) (1.59 t0 6.63)
STI contact
No 176 189 1
(83,77 10 88) (89, 84 to 93)
Yes 36 23 0.59 0.070
(17,12 t023) (11,7 to 16) (0.33 to0 1.04)
Mycoplasma genitalium detected in the rectum
Negative 185 183 1
(87,82 t091) (86, 81 to 91)
Positive 27 29 1.09 0.774
(13,9t018) (14,910 19) (0.62 t0 1.91)
C. trachomatis detected in the urethra
No 170 199 1
(81,75 to 86) (96, 92 to 98)
Yes | 9 0.19 <0.001
(19,14 t0 25) (4,2t08) (0.09 to 0.40)
N. gonorrhoeae detected in the urethra
No 209 142 1
(99, 97 to 100) (68, 61 to 75)
Yes 2 66 48.57 <0.001
(1,0t03) (32,25t039) (11.71 t0 201.51)
C. trachomatis detected in the pharynx
No 187 207 1
(88, 83 10 92) (99, 97 to 100)
Yes 25 2 0.07 <0.001
(12,810 17) (1,0t03) (0.02 t0 0.31)
N. gonorrhoeae detected in the pharynx
No 197 124 1
(93, 89 to 96) (59, 52 to 66)
Yes 15 85 9.00 <0.001
(7,4t011) (41, 34 to 48) (4.97 10 16.29)

Data missing for up to 8% of condom data, up to 2% of C. trachomatis and N. gonorrhoeae detected in other sites, and up to 1% of all other variables (excluding age).
*P value calculated using logistic regression, and bold indicates significant findings.

tChlamydia samples from HIV-positive patients were removed for lymphogranuloma venereum testing.

#Individuals with HIV were excluded for this variable.

§Symptomatic was defined as the presence of any symptom, including symptoms at sites other than the rectum.

9lAnal symptoms included anal discharge, anal itch, anal pain, anal bleeding, painful bowel motions or tenesmus.

PrEP, HIV pre-exposure prophylaxis.
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Table 2 Characteristics of cases coinfected with Mgen compared with rectal chlamydia or rectal gonococcal monoinfections (N=424)

Chlamydial rectal infections (n=212)*

CT cases with Mgen detected,
CT cases only, n=185 (%, 95% Cl) or n=27 (%, 95% Cl) or mean

mean (range) (range) OR (95% ClI) P valuet
Age 33 32 0.99 0.658
(20-84) (22-52) (0.95 to 1.03)
Number of male sexual partners in the last 3 months
6 11 1.04 0.064
(0-30) (1-100) (1.00 to 1.09)
Condom use with male partners in the last 3 months
Not always 145 24 1
(83, 76 to 88) (92, 75 t0 99)
Always 30 2 0.40 0.233
(17,12 to 24) (8,110 25) (0.09 to 1.80)
Using PrEP#
No 124 15 1
(70, 63 to 77) (56, 35 to 75)
Yes 52 12 1.91 0.125
(30,23 t0 37) (44, 35 to 65) (0.84 to0 4.35)
STl detected in the urethra§
No 146 22 1
(79, 73 to 85) (81, 62 to 94)
Yes 38 5 0.87 0.797
(21,15 t0 27) (19, 6 to 38) (0.31 to 2.46)
STl detected in the pharynx{|
No 152 22 1
(82,76 to 87) (81, 62 to 94)
Yes 33 5 1.05 0.931
(18,13 to 24) (19, 6 to 38) (0.37 t0 2.97)
Symptomatic**
No 125 19 1
(68, 60 to 74) (70, 50 to 86)
Yes 60 8 0.88 0.771
(32, 26 to 40) (30, 14 to 50) (0.36t0 2.12)
Anal symptomstt
No 176 25 1
(95, 91 to 98) (93, 76 to 99)
Yes 9 2 1.56 0.597
(5,21t09) (7,110 24) (0.32 to 7.66)
STl contact
No 153 23 1
(83, 76 to 88) (85, 66 to 96)
Yes 32 4 0.83 0.749
(17,12 to0 24) (15, 4 to 34) (0.27 t0 2.57)
Gonorrhoeal rectal infections (n=212)
NG cases only, n=183 (%, 95% Cl) or NG cases with Mgen detected, OR (95% CI) P value*
mean (range) n=29 (%, 95% Cl) or mean
(range)
Age 32 31 0.98 0.351
(21-59) (21-56) (0.92 to 1.03)
Number of male sexual partners in the last 3 months
9 8 1 0.872
(1-270) (1-25) (0.98 to 1.02)
Condom use with male partners in the last 3 months
Not always 136 21 1
(80, 74 to 86) (84, 64 to 95)
Always 33 4 0.78 0.669
(20, 14 to0 26) (16,5 to 36) (0.25 to 2.44)
HIV status
Negative 158 20 1
(87,81 t091) (69, 49 to 85)
Continued
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Table 2 Continued

Chlamydial rectal infections (n=212)*

CT cases with Mgen detected,
CT cases only, n=185 (%, 95% Cl) or n=27 (%, 95% Cl) or mean

mean (range) (range) OR (95% ClI) P valuet
Positive 24 9 2.96 0.023
(13,910 19) (31,15 t0 51) (1.21 t0 7.26)
Using PrEP¥
No 122 14 1
(77,70 to 84) (70, 46 to 88)
Yes 36 6 1.45 0.485
(23,16 to 30) (30,12 to 54) (0.52 to 4.05)
STl detected in the urethratt
No 116 19 1
(64,57 to 71) (68, 48 to 84)
Yes 64 9 0.86 0.725
(36,29 to 43) (32,16 t0 52) (0.37 t0 2.01)
STl detected in the pharynx§§
No 106 16 1
(59, 51 to 66) (57,37 to 76)
Yes 75 12 1.06 0.887
(41, 34 to 49) (43,2410 63) (0.47 t0 2.37)
Symptomatic**
No 81 15 1
(45,37 t0 52) (52,3310 71)
Yes 101 14 0.75 0.469

(55, 48 to 63) (48,29 t0 67) (0.34 t0 1.64)

Anal symptomstt

No 156 24 1
(85, 79 to 90) (83, 64 to 94)

Yes 27 5 1.2 0.732
(15,10 to 21) (17,610 36) (0.42 to 3.43)

STI contact

No 164 25 1
(90, 84 to 94) (86, 68 to 96)

Yes 19 4 1.38 0.585
(10,6 to 16) (14,4 10 32) (0.43 to 4.39)

Chlamydia rectal infections: data missing for up to 5% condom use data; 1% of HIV status, PrEP use and STI detected in the urethra data.

Gonorrhoea rectal infections: data missing for up to 14% of condom use data; 3% of STI detected in the urethra and or pharynx; and 1% of HIV, PrEP and symptom status data.

*Due to the removal of the majority of CT-positive samples from individuals with HIV, the association between CT, CT/Mgen and HIV could not be assessed.

P value calculated using logistic regression, and bold indicates significant findings.

tIndividuals with HIV were excluded for this variable.

§CT monoinfection cases, infections in the urethra: CT=37, NG=1, Mgen=1. CT and Mgen coinfection cases, infections in the urethra: CT=4, NG=1, Mgen=1.
91CT monoinfection cases, infections in the pharynx: CT=21, NG=14. CT and Mgen coinfection cases, infections in the pharynx: CT=4, NG=1.

**Symptomatic was defined as the presence of any symptoms, including symptoms at sites other than the rectum.

ttAnal symptoms included anal discharge, anal itch, anal pain, anal bleeding, painful bowel motions or tenesmus.

+#NG monoinfection cases, infections in the urethra: CT=9, NG=58, Mgen=1. NG and Mgen coinfection cases, infections in the urethra: CT=1, NG=7, Mgen=2.
§§NG monoinfection cases, infections in the pharynx: CT=2, NG=73. CT and Mgen coinfection cases, infections in the pharynx: CT=0, NG=12.

CT, Chlamydia trachomatis; Mgen, Mycoplasma genitalium; NG, Neisseria gonorrhoeae; PrEP, HIV pre-exposure prophylaxis.

Overall MSM with rectal NG/Mgen coinfection were less
likely to be using PrEP than MSM with rectal CT/Mgen coinfec-
tion (OR 0.25, 95% CI 0.10 to 0.65, p=0.002; table 3).

Pharyngeal Mgen infection
Four hundred and eighty pharyngeal samples from MSM were
tested for Mgen during the course of the study. Fourteen samples
yielded invalid results due to insufficient buffer, with valid results
obtained for 464 pharyngeal samples. Eight of 464 samples were
positive for Mgen (2%, 95% CI 1% to 3%), 7 of 464 were posi-
tive for CT (2%, 95% CI 1% to 3%), and 23 of 464 were posi-
tive for NG (5%, 95% CI 3% to 7%).

Pharyngeal Mgen was associated by univariable analyses with
being HIV-positive (OR=5.13, 95% CI 1.19 to 22.12), having

Mgen detected in the rectum (OR=60.14, 95% CI 3.41 to
1061.47) and having either rectal CT or rectal NG (OR=12.99,
95% CI 3.01 to 56.06) (table 4). Using a composite variable of
any rectal STI, in multivariable analyses, MSM with pharyngeal
Mgen were more likely to have a rectal STI detected (OR=10.61,
95% CI 2.30 to 48.87; table 4) and have a borderline association
with being HIV-positive. Although MSM with pharyngeal Mgen
were more likely to have either rectal CT and/or rectal NG, none
of the eight patients had an STI detected in their urethra or a
coinfection detected in their pharynx. Of note, no male patient
with pharyngeal Mgen had pharyngeal symptoms.

As for pharyngeal Mgen, men who tested positive for CT or
NG in the pharynx were also more likely to have CT or NG
detected in the rectum. Five of seven pharyngeal CT infections
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Table 3 Demographics and epidemiological features of Chlamydia trachomatis cases coinfected with Mycoplasma genitalium, compared with
Neisseria gonorrhoeae cases coinfected with M. genitalium, respectively (n=56)

C. trachomatis cases with M.

N. gonorrhoeae cases with M.

genitalium detected, n=27 (%, 95% genitalium detected, n=29 (%, 95%

Cl) or mean (range) Cl) or mean (range) OR (95% Cl) P value*
Age 32 30 0.98 0.556
(22-51) (20-56) (0.92 to 1.05)
Number of male sexual partners in the last 3 months
10.5 8.08 0.99 0.567
(1-100) (1-25) (0.95 to 1.03)
Condom use with male partners in the last 3 months
Not always 24 21 1
(92,75 to 99) (84, 64 t0 95)
Always 2 4 229 0.367
(8,110 25) (16, 5 to 36) (0.38 10 13.77)
Using Prept
No 15 14 1
(56, 35 to 75) (70, 46 to 88)
Yes 12 6 0.25 0.002
(44, 35 to 65) (30,12 to 54) (0.10 to 0.65)
Symptomatict
No 19 15 1
(70, 50 to 86) (52,33 to 71)
Yes 8 14 2.22 0.157
(30, 14 to 50) (48,29 to0 67) (0.74 10 6.67)
Anal symptoms§
No 25 24 1
(93,76 to 99) (83, 64 to 94)
Yes 2 5 2.60 0.258
(7,1 to 24) (17,6 to 36) (0.46 t0 14.73)
STI contact
No 23 25 1
(85, 66 to 96) (86, 68 to 96)
Yes 4 4 0.92 0.913
(15,4 to 34) (14,4 t0 32) (0.21 to 4.11)

Data missing for up to 14% of condom use in gonorrhoea samples and 4% of condom use in chlamydia samples.

*P value calculated using logistic regression, and bold indicates significant findings.
tIndividuals with HIV were excluded for this variable.

$Symptomatic was defined as the presence of any symptoms, including symptoms at sites other than the rectum.
§Anal symptoms included anal discharge, anal itch, anal pain, anal bleeding, painful bowel motions or tenesmus.

PrEP, HIV pre-exposure prophylaxis.

were associated with concurrent rectal CT (71%, 95% CI 29 to
96, OR=34.14, 95% CI 6.35 to 183.65), and 10 of 23 pharyn-
geal NG infections were associated with concurrent rectal NG
(439, 95% CI 23 to 66, OR=28.29, 95% CI 10.14 to 78.90).

DISCUSSION
This study examined coinfection of Mgen with CT and NG in the
rectum of MSM, as well as the prevalence of pharyngeal Mgen
in MSM being screened for CT and NG at the largest urban
sexual health centre in Australia. We found high rates of coinfec-
tion, with Mgen present in 13%-14% of MSM with rectal CT
or rectal NG. Pharyngeal Mgen was uncommon and detected in
2% of MSM, and most cases were associated with rectal CT or
rectal NG infection. These findings indicate one in seven MSM
infected with CT or NG in the rectum are coinfected with Mgen
and that a substantial number of undiagnosed rectal Mgen infec-
tions are being inadvertently exposed to macrolide antibiotics,
which is likely to be contributing to increasing macrolide resis-
tance in Mgen.

A recent meta-analysis, including five studies mostly testing
urine, estimated the prevalence of Mgen in MSM in the commu-
nity at 3.2% (95% CI 2.1 to 5.1) at any site.” Studies have shown

Mgen to be most commonly detected in the rectum of MSM,
with 40.7% of contacts of the infection positive in the rectal
sites.!”” Mgen was detected in 7% of rectal samples from asymp-
tomatic MSM in a recent study of 1001 asymptomatic MSM at
MSHC,* and 9% of consecutive asymptomatic and symptomatic
anorectal samples from 505 MSM in Sydney.> The Melbourne
study also found that of 89 MSM with Mgen at any site, 17%
were coinfected with CT or NG, and in 143 MSM diagnosed
with CT or NG at MSHC over the same period, 11% were
coinfected with Mgen.* Notably a recent Sydney study reported
rectal CT to be independently associated with anorectal rectal
Mgen (OR=5.0, 95% CI 2.1 to 11.8, p<0.001).3 A study at
our centre did not show this association in the rectum, but that
CT and NG were associated with urethral Mgen (p=0.03 and
p=0.002, respectively).*

Globally for over a decade CT and NG have commonly been
treated with regimens thatinclude 1gazithromycin. Recent studies
in Australia have shown resistance to azithromycin in Mgen in
MSM now exceeds 80%.> ¥ 18 A meta-analysis and published
data from our group have shown de novo resistance occurs in
12% of Mgen infections following use of 1g azithromycin.'* "
Data on the effect of extended azithromycin regimens on de
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Table 4 Demographics and epidemiological features of Mycoplasma genitalium-negative pharyngeal samples versus M. genitalium-positive

pharyngeal samples from men who have sex with men (n=466)

M. genitalium negative, M. genitalium positive,
n=458 (%, 95% Cl) or  n=8 (%, 95% Cl) or

mean (range) mean (range) OR (95% CI) P value* Adjusted OR (95% CI)t P value
Age 34 30 0.96 0.323
(18-87) (22-38) (0.88 to 1.04)
Number of male sexual partners in the last 3 months
5 3 0.90 0.484
(0-100) (0-8) (0.67 to 1.21)
HIV status
Negative 410 5 1
(90, 86 to 92) (62.5, 24 to 91)
Positive 48 3 0.028 4.19 0.079
(10,8 to 14) (37.5,9t0 76) (1.19t022.12) (0.85t0 20.81)
Using PrEP
No 315 4 1
(82,78 to 86) (80, 28 t0 99)
Yes 69 1 1.14 0.907
(18,14 10 22) (20,1 t0 72) (0.13 to 10.36)
STl detected in the rectum
No 374 3 1
(98, 96 to 99) (37.5, 9 to 76)
Yes ¥ 5 12.99 0.001 10.61 0.002
(2,1t04) (62.5, 24 t0 91) (3.01 to 56.06) (2.30 to 48.87)
STl contact
No 402 7 1
(88,64 to0 91) (87.5, 47 to 100)
Yes 56 1 1.03 0.981

(12,9 t0 16) (12.5, 0 to 53)

(0.12 to 8.49)

Data missing for up to 6% of PrEP use, and 17% of men who have sex with men were not tested for STl in the rectum.

*P value calculated using logistic regression, and bold indicates significant findings.
tVariables were included in the adjusted analysis if the p value was less than 0.05.
tIndividuals with HIV were excluded for this variable.

PrEP, HIV pre-exposure prophylaxis.

novo resistance are less clear. A recent meta-analysis containing
82 patients who received 1.5g azithromycin (without preceding
doxycycline) found de novo resistance to be 3.7% (95% CI 0.8%
to 10.3%), while a prospective study of 106 Mgen-infected
patients treated with 1.5g azithromycin found de novo resist-
ance to be similar to 1g (12%, 95% CI 3% to 27%)."* ' The
rising levels of macrolide resistance seen in Mgen is likely to
be due to azithromycin use, particularly 1g in the treatment of
Mgen, as well as inadvertent exposure during treatment of CT
and NG. Macrolide resistance is also rising in gonorrhoea and
syphilis.?? 2! Collectively, these data add to a growing body of
evidence that suggests azithromycin use should be reduced in the
STI field.” However, while limited safe and available treatment
options exist for macrolide-susceptible Mgen, it seems sensible
to use an extended azithromycin regimen with preceding doxy-
cycline as published data suggest this may be associated with low
levels of de novo resistance (2.6%, 95% CI 0.3% to 9.2%).
Coinfection with Mgen in MSM with either rectal CT or
rectal NG was associated with specific risk factors. Compared
with having rectal NG alone, rectal Mgen/NG coinfection
was more common among individuals with HIV. This asso-
ciation could not be assessed among patients with CT due to
the removal of samples for LGV testing. A recent meta-anal-
ysis showed an association between HIV and Mgen in MSM,
predominantly reflecting cross-sectional observational data.”
Prospective studies have suggested an association between Mgen
and HIV infection in women in Africa,> 2* but there are no

prospective studies examining this relationship in MSM, and the
nature of this relationship remains to be established. Coinfec-
tion with Mgen in individuals with either rectal CT or rectal
NG was associated with factors that largely reflect increased
risk—current use of PrER HIV infection and having more male
partners. While individually not particularly useful, collectively
these risk factors may indicate which individuals are more likely
to be rectally coinfected with Mgen. Mgen has been associated
with current use of PrEP in previous studies,® and the majority of
studies have found younger age and increased number of sexual
partners to be associated with Mgen.? ** Neither coinfection
with Mgen in the rectum or infection in the pharynx was associ-
ated with site-specific symptoms.

Mgen has been rarely reported in the oropharynx of MSM.
Previous studies in Sydney and Melbourne, of 508 and 515 men,
respectively, both failed to detect pharyngeal Mgen using PCR.
TMA has a higher analytical sensitivity than PCR for Mgen,”
although the Aptima Mycoplasma genitalium Assay (Hologic)
has yet to be validated for detection of pharyngeal Mgen. Given
the organism load of Mgen is up to 100 times lower than that of
CT,* and may be at particularly low loads in the pharynx, TMA
may be more likely to detect pharyngeal infections. We detected
Mgen in 2% of pharyngeal samples, which is similar to the preva-
lence of CT in the pharynx in MSM attending our clinic.”’ Phar-
yngeal Mgen was associated with having a concomitant rectal
STI (either CT or NG), although a recent study at our centre
found only 1.9% of 54 rectal Mgen infections had pharyngeal
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Mgen by PCR.* Other pharyngeal STTs commonly occur concur-
rently with rectal infections, with 71% and 43% of CT and NG
pharyngeal infections found to have a concurrent rectal infec-
tion, respectively. MSM who were HIV-positive were also more
likely to have pharyngeal Mgen detected than HIV-negative men.
As mentioned previously, there is a known association between
HIV and Mgen,” and the clearance rate of Mgen appears to
be slower among HIV-positive people’”; however, this associ-
ation with HIV has not been previously reported with pharyn-
geal Mgen. There was no difference in the proportion of MSM
reporting to be STI contacts between those with Mgen in the
pharynx and those without. The transmissibility of pharyngeal
Mgen is not known as it is not clear if this low positivity in the
pharynx reflects passive infection/deposition, rather than active
infection as has been hypothesised for pharyngeal CT. Overall
these and other data indicate the pharynx is unlikely to be a
significant source of Mgen transmission.

There were several limitations to this study. The Aptima buffer
evaporates from the stored rectal and pharyngeal samples when
stored at room temperature, which left insufficient remnant
buffer for testing for many specimens. Subsequently, the samples
were resealed with parafilm, which reduced evaporation. Rectal
and pharyngeal samples that were positive for both chlamydia
and gonorrhoea were more likely to have insufficient buffer
remaining for additional Mgen testing, impacting on our ability
in this study to examine cases with triple (Mgen, CT and NG)
infections. Removal of CT-positive rectal samples from HIV-pos-
itive men being tested for LGV impacted on our ability to
examine the association between HIV and rectal CT. This study
was conducted at a single sexual health clinic, and so is likely to
reflect a higher risk population that may impact on prevalence
estimates.

We have demonstrated a high prevalence of coinfection of
Mgen with CT and NG in the rectum of MSM attending our
service, which highlights how commonly Mgen is being inad-
vertently exposed to antibiotics in the treatment of other STIs.
While the prevalence of Mgen in men with other rectal STIs is
high, lack of clarity around the natural history of Mgen in the
rectum and concerns around issues of cost, toxicity and antimi-
crobial resistance in the treatment of macrolide-resistant Mgen
make the issue of screening for Mgen in MSM far more complex
than it is for CT and NG. Few papers have investigated pharyn-
geal Mgen in MSM. Our findings are in line with other publica-
tions and show Mgen is not commonly detected in the pharynx
of MSM being screened for CT and NG, indicating it is not a
common site of infection.

» One in seven men who have sex with men treated for rectal
Chlamydia trachomatis or rectal Neisseria gonorrhoeae will
have undiagnosed Mycoplasma genitalium (Mgen).

» Undiagnosed rectal Mgen appears to be commonly exposed
to azithromycin during screening and treatment of rectal
chlamydia and gonorrhoea.

» Pharyngeal Mgen is uncommon.
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Appendix C. Additional information for Chapter 5.

C1. Patient Questionnaire.

QME Questionnaire .

DATE: STUDY D

OMG: OME MINUTE SURVEY

QUESTIONS FOR PATIENTS

1 1. Have you had any of these symptoms in the past week? Please tick one in each row.

Abdominal (stomach) pain or pelvic pain Mone: D Mlild: D Moderate: D Severe; D
Deep pelvic pain when having sex Maone: D Mild: D Moderate: D Severe: D
Abnormal discharge from the vagina Mone: Mild: D Moderate: D Severe: D
Abnormal vaginal odour Mome: []  mild:[] | Moderate: [] | Severe: [
Bleeding after or during sex None: [] @ mila:[] | Mogerate: [] | Severs: [
Vaginal bleeding (or spotting) in between
periods Mone: D Mild: D Moderate: D Severe: D
Vaginal itch None: [] | Mild:[] | Moderate: [] | severe: []
Burning when you urinate None: [] | mila:[] | Moderate: []  Severs: []
Increased urinary urgency or frequency
{need to urinate urgently or more often) Mone: [[] | Mild:[] | Moderate: [] | Severe: []
Fevers or sweats MNone: [7] : Mild:[[] | Moderate: [[] | Severe: []
0 2. These guestions are about your history and relationships.
Hawve you been treated for any of these sexually transmitted
infections in the last & months: chlamydia, gonorrhoea, or Mot
MWycoplasma genitalium? Yes: D Mo: D sure: D
With how many men have you had sex in the past 12 months?

Mumber:
Did you use condoms the whole time with all of these men? Mo, never: Mot

Always:D always: D

With how many women have you had sex in the past 12
months? Mone: D Mumber:

QUESTIONS FOR DOCTORS/NURSES

Please tick the signs that are present.

+
Abnormal vaginal discharge Yes: Mo D
Abnormal vaginal cdour Yes: Mao: D
Wulval redness or vulvitis Yes: Ma: D Mot done: D

Cervicitis Yes: Ma: D Mot done: D
Mo D Mot done: D

Mo: D Not done: D

Cervical or adnexal tenderness Yes:
Cervical contact bleeding Yes:

OO0000

Please record vaginal pH pH=

Thanks for helping our research!
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C2. Patient information and consent form.

; coplasma genitalium

Participant Information Sheet.

i‘itle Oh MG! The symptoms of Mycoplasma genitalium inwomen.
Short title OMG
Project Number 100/17

Principal Investigators | Rosie Latimer, &/Prof Catriona Bradshaw, Dr Tim Read

Associate Investigators | Prof Christopher Fairley, Dr Gerald Murray

Location IMelbourne Sexual Health Centre

PART 1 WHAT DOES MY PARTICIPATION INVOLVE?

1. Introduction

We are inviting you to be part of this study (OMG study) because you are presenting to the Melbourne
Sexual Health Centre with symptoms, for 5Tl testing. Please ask about anything that you do not understand.
Participation in this research is voluntary. If you don't wishto take part, you don't have to. If you decide not
to take part this will not affect other aspects of your care at the centre.

2. What is the purpose of this research?

We are researching a sexually transmitted bacterium called Mycoplasma genita/ium(MG). Currently we are
not sure what symptoms MG causes in women. We want to test women with any symptoms to see whether
MG might be a cause. We believe MG is similartochlamydia in the symptoms it causes, and has similarlong
term complications.

3. What does participation in this research invalve?

By telling the nurse or doctor that you will enter the study you are consenting to an extra swab. In addition
to being tested for chlamydia and gonorrhoea, you will be tested for MG. This swabwill be sent to the Royal
Women's Hospital for testing for MG and antibiotic resistance testing (the lab we normally wse for this test).
This swab will then be stored. You will be asked to complete a 1-page guestionnaire which will ask about
symptoms and sexual history. Your medical record will be accessed by researchers to record test results and
risk factors for infection.

If you test positive for MG we will call you and invite you to return for free treatment which is alsoavailable
for your sexual partners.

This study will help us decide which women to test for MG in the future. There are no payments or fees
involved inthis project, which aims to recruit 1000 women.

4. What are the possible risks and benefits of taking part?

There may be some slight discomfort from the vaginal swabs. If you have MG, and the test shows it is
resistant to the recommended antibiotic, azithromycin, we will provide an alternative antibiotic. Any
antibiotic can sometimes cause side-effects, which in rare cases are serious. If you have antibiotic-resistant
MG we will explain your treatment choices. The benefit of taking part is that you get to be tested for MG,
which may or maynot be the cause of your symptoms, and is not yet a routine test for symptomatic women
except for those with specific conditions.

5. What happens when the research project ends?

We hope to complete this project by late 2018 and a summary of the results will be available on the
IMelbourne Sexual Health Centre website.
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PART 2 HOW 15 THE RESEARCH PROJECT BEING CONDUCTED

6. What will happen to the information about me?

By telling the nurse or doctor you would like to join the study, you consent to the research team collecting
personal information about you for the project. Information cbtained in this research project that can
identify you will remain confidential and will be stored securely and indefinitely. The database containing the
guestionnaires and the code linking these to your name will remain at Melbourne Sexual Health Centre and
only the study team will have access. Your information will only be used for this research project, or future
research at this centre, and will not be disclosed except as reguired by law.

The results of this research will be published and presented at a conference insuch a way that you are not
identified. The study is partially funded by the Australian manufacturer of the MG test, Speely which will
share with the researchers ownership of the study findines and data, but not your testsamples. They will not
receive any information that identifies you; they only receive summary data such as averages. In accordance
with relevant Australianand/or Victorian privacy and other relevant laws, you have the right to reguest
access to the information about you that is collected and stored by the research team. You also have the
right to request that any information withwhich you disagree to be corrected. Please inform the research
team member named at the end of this document if you want to see your information.

7. What will happen to my test samples after testing?
These will be stored atthe Royal Women's Hospital after testing, for future research into other infectious
causes of genital symptoms inwomen, resistance to antibictics and validation of new 5T| tests.

8. Who is organising and funding the research?

This research project is being conducted by A/Prof Catriona Bradshaw and Dr Tim Read (Sexual Health
Physicians), and Rosie Latimer (PhD candidate). Some of the funding for the study comes from Australia’s
MNational Health and Medical Research Council and the test kits and funding for a research nurse come from
apeelx. Itis possible that Speelx may benefit if the research demonstrates a need to increase MG testing,
however there will be no payment to you for participating.

9. Who has reviewed the research project?

The ethical aspects of this research project have been approved by the Human Research Ethics Committee
(HREC) of the Alfred Hospital. This project will be carried out according to the Mational Statement on Ethical
Conduct in Human Research (2007). This statement has been developed to protect the interests of people
who agree to participate inhuman research studies.

10. Information, complaints, withdrawing from the project and who to contact

You are free to withdraw from the project atany time and ask for your testsample and information to be
destroyed. Mote: the MG test will be done within a few days of your visit and the result will go into your
medical record. For information or any problems related to the project, contact the study nurse or Rosie
Latimer on (03) 9341 6200. For complaints about the project or guestions about being a research participant
in general, you may contact the Complaints Officer, Office of Ethics & Research Governance, Alfred Health
on 9076 3619 or email researchi@alfred.org.au (please quote project number 100/17).
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CONSENT FORM- Adult providing own consemnt

Title Oh MG! The symptoms of Mycoplasma genitalium inwomen.
Short title oG
Project Number 100/17

Principal Investigators Rosie Latimer, &/Prof Catriona Bradshaw, Dr Tim Read
Associate Investigators | Prof Christopher Fairley, Dr Gerald Murray
Location Melbourne Sexual Health Centre

Declaration by Participant

| have read the Participant Information Sheetor someone has read itto me in a language that |
understand.

| understand the purposes, procedures and risks of the research described in the project.

| hawve had an opportunity to ask guestions and | am satisfied with the answers | have received.
| consent to researchers accessing my medical records for use as described in the Participant
Information Sheet.

| consent to the storage and use of vaginal samples taken from me for use as described in the
Participant Information Sheet.

| freely agree to participate in this research project as described and understand that lam freeto
withdraw at any time during the study without affecting my future health care.

| understand that | will be given a signed copy of this document to keep.

MNameof Participant (please print)

Signature Date

Declaration by Study Doctor/Research nurse

| have given a verbal explanation of the research project, its procedures and risks and | believe that
the participant has understood that explanation.

Mame of Study Doctor/

Reszearch nurse (please print)

Signature Date

Study ID: Attach UR label
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ORIGINAL STUDY

Clinical Features and Therapeutic Response in Women
Meeting Criteria for Presumptive Treatment for Pelvic
Inflammatory Disease Associated With
Mycoplasma genitalium

Rosie L. Latimer,* Tim R.H. Read, PhD,*{ Lenka A. Vodstrcil, PhD,*f
Jane L. Goller, MPH, } Jason J. Ong, MBBS, *1§ Christopher K. Fairley, PhD,*7
Jane S. Hocking, PhD,} and Catriona S. Bradshaw, PhD*¥

Background: There are limited published data describing clinical fea-
tures and therapeutic response in women meeting the criteria for presump-
tive treatment of pelvic inflammatory disease associated with Mycoplasma
genitalium (MG-PID). The MG-PID has been reported to respond poorly to
standard PID treatment regimens and while moxifloxacin is recommended
in several treatment guidelines, published data to support its use are scant.
Methods: We conducted a retrospective study of women at Melbourne
Sexual Health Centre between 2006 and 2017, who met the Centers for
Disease Control and Prevention criteria for presumptive treatment of
PID, and had MG detected as the sole pathogen. Clinical and laboratory char-
acteristics of MG-PID were compared to cases of chlamydial PID (CT-PID)
by multivariable analysis. Microbiological and clinical cure following
moxifloxacin and standard PID treatment was determined for women with
MG-PID who returned for test of cure between 14 and 120 days.

Results: Ninety-two patients with MG-PID were compared with 92 women
with CT-PID. The MG-PID was associated with increased lower abdominal
tenderness (adjusted odds ratio, 2.29; 95% confidence interval [CI],
1.14-4.60), but a lesser vaginal polymorphonuclear response compared
to CT-PID by multivariable analysis. Of the 92 women with MG-PID, 54/
92 (59%) received moxifloxacin (10-14 days) and 37/54 had a test of cure
between 14 and 120 days; 27/37 (73%) cases had a median of 7 days of
a standard regimen containing doxycycline and metronidazole +/—
azithromycin before moxifloxacin. Microbial cure following moxifloxacin
was 95% (95% CI, 82-99%) and did not differ from standard therapy
(P = 0.948), however clinical cure was significantly higher following
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moxifloxacin (89%; 95% CI, 75-97%; P =0.004)] although adverse effects
Were more common.

Conclusions: Women meeting Centers for Disease Control and Preven-
tion criteria for presumptive treatment of MG-PID did not significantly dif-
fer to those with CT-PID. Moxifloxacin was associated with higher rates of
symptom resolution in women with PID, and although microbial cure was
high, it did not differ between regimens.

Mycoplasma genitalium (MG) has been associated with cervi-
citis, pelvic inflammatory disease (PID), spontaneous abor-
tion and preterm delivery in a recent meta-analysis.'* However,
there are limited published data on the contribution of MG to
PID. More data are needed to establish the attributable risk of
MG for female genital tract infections.? International guidelines
for treatment of PID vary, however predominantly recommend
presumptive use of antimicrobials, such as tetracyclines, beta-
lactams, and nitro-imidazoles, before detection of the causative or-
ganism. These regimens aim to treat Chlamydia trachomatis (CT),
Neisseria gonorrhea (NG) and anaerobes, and do not contain
highly effective antimicrobials against MG.>* When PID was
treated in accordance with US Centers for Disease Control
and Prevention (CDC) guidelines with cefoxitin and doxycy-
cline, 41% of women with PID remained MG positive after
30 days.’ Inadequately treated PID increases the risk of chronic
pelvic pain, ectopic pregnancy and infertility.®

Mycoplasma genitalium has marked propensity to develop
antimicrobial resistance, with macrolide resistance seen in 40% to
60% of infections in many countries.”® Moxifloxacin has been
highly effective against macrolide-resistant MG,” is active against
CTand NG,'™'" and was as effective as ofloxacin and metronida-
zole for all cause PID in a randomized controlled trial (RCT)."!
Although only 3 patients in this trial had MG-PID, all were
cured.!! The US and UK guidelines now recommend 14 days of
moxifloxacin for MG-PID,>'? although efficacy data are lim-
ited,'" and a recent meta-analysis has shown a decline in cure to
89% (95% CI, 82-94%) since 2010."

With recent regulatory approval of MG assays in many
countries, testing for MG in presumptive PID may become
increasingly common. However, little has been published
on clinical characteristics of MG-PID and whether they
differ from those associated with CT-PID. In our study, we
compared women who met CDC criteria for presumptive
treatment of PID with MG to women with CT-PID to investi-
gate whether MG-PID is associated with distinct clinical and
laboratory characteristics. In addition, we report the clinical
and microbiological outcomes following moxifloxacin and standard
antimicrobial therapy.
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MATERIALS AND METHODS

Study Design and Participants

We undertook a retrospective study of women with MG and
presumptive PID (henceforth MG-PID) between February 2006
and March 2017, at Melbourne Sexual Health Centre (MSHC),
Victoria, Australia. Women were included if they were 18 years
or older, PID presumptively diagnosed using CDC criteria, and
MG was the sole pathogen (ie, negative for CT and NG). Testing
for MG in women with presumptive PID was at clinician discre-
tion from 2006 to 2010, and from 2011 recommended in MSHC
protocols. MG-PID cases were women with presumptive PID at
presentation (87%), who underwent sexually transmitted infection
(STI) testing and were commenced on recommended therapy for
PID (henceforth standard treatment). In a minority of cases
(13%), women developed symptoms and signs after testing and
were diagnosed with presumptive PID at follow up.

We compared characteristics of MG-PID to those of
CT-PID (chlamydia sole pathogen), and treatment outcomes
(clinical and microbial cure) after standard PID therapy and
moxifloxacin. All cases diagnosed with MG-PID between
February 2006 and March 2017 were extracted from the clinic
database. Cases of CT-PID were selected over the same period
from the clinic database.

Definitions and Data Collection

Presumptive PID was diagnosed using CDC criteria,
which recommends treatment be initiated in sexually-active
women at risk of STIs who are experiencing pelvic or lower
abdominal pain and have one of the following: uterine, cervical
motion, or adnexal tenderness. These criteria are designed to
maximize sensitivity for PID diagnosis and err on the side of
over rather than undertreatment of PID. Only approximately
half of women meeting these criteria have been shown to have
laparoscopic evidence of salpingitis or plasma cell endometri-
tis,'*!3 although the positive predictive value for these criteria
are higher in a STI clinic compared with a community setting.?
All women included in the analysis were sexually active and
presented with abdominal pain or pelvic pain, and had either
lower abdominal/pelvic tenderness or cervical/adnexal motion
tenderness on examination. All reference to MG-PID and CT-PID
refers to presumptive PID diagnosis using CDC criteria. Myco-
plasma genitalium was detected on vaginal or cervical swab, or first
pass urine, using an in-house PCR assay targeting the 16S rRNA
gene of MG.'® Chlamydia trachomatis was detected using strand
displacement amplification (Becton Dickinson) before 2015, and
Aptima transcription-mediated amplification assay from 2015
(Hologic, Marlborough). Bacterial vaginosis (BV) was diagnosed
using Amsel's criteria.'” Trichomoniasis was diagnosed by wet
preparation and culture. Vaginal and cervical polymorphonuclear
leukocyte counts (PMN) on Gram stain were grouped in the fol-
lowing categories: vaginal PMN/high power field (hpf): less than 1,
1 to 4, and 5 or greater; and cervical PMN/hpf: less than 5, 5 to 8,
greater than 8.

Clinical Characteristics

Epidemiological, clinical, and laboratory data were ex-
tracted from paper-based and electronic records for women
with MG-PID and CT-PID. Clinical information recorded in-
cluded: (i) symptoms: lower abdominal pain, dyspareunia, vag-
inal discharge, fever, intermenstrual or postcoital bleeding; (ii)
signs: lower abdominal tenderness, cervical motion or adnexal
tenderness, mucopurulent cervicitis, cervical-contact bleeding,

abnormal vaginal discharge; (iii) laboratory and microbiological
results: vaginal and cervical PMN count, detection of CT, NG,
Trichomonas vaginalis, and BV; and (iv) antimicrobial regimens
prescribed including duration, adherence and adverse effects.

Patients were excluded if they did not fulfill presumptive
PID criteria, were coinfected with another STI, or if symptoms
were subsequently attributed to another condition.

Treatment Outcomes

Women with presumptive PID were tested and treated with
a standard regimen containing metronidazole 400 mg twice daily
and doxycycline 100 mg twice daily for 14 days +/— azithromycin
1 g.'8 The MG test results were available 48 hours after testing.
Beginning in 2011 all MG-positive women were recalled and the
standard regimen replaced with moxifloxacin 400 mg once daily
for 14 days, in accordance with MSHC guidelines. Before 2011,
patients often received standard PID regimens only. Treatment
outcomes in all women receiving moxifloxacin and standard regi-
mens were analyzed.

Microbiological cure was defined as a negative test of cure
(TOC) between 14 and 120 days. Patients were excluded if:
(i) TOC was not performed or outside 14 to 120 days after treat-
ment, (ii) they received less than 7 days of moxifloxacin, (iii)
TOC was performed after more than 2 courses of antibiotics.

Clinical cure was defined as resolution of all PID-related
symptoms. Antibiotic adherence, partner treatment, reinfection
risk, and microbiological and clinical outcomes were recorded,
where available. Reinfection risk was defined as none (no sex),
possible (sex with a new or treated partner), or probable (sex with
a regular partner who had not been tested or treated).

The Alfred Hospital Research Ethics Committee approved
this study (project number 304/15).

Statistical Analysis

Data were analyzed using STATA (v14). Univariate and
multivariable logistic regression analysis were performed to deter-
mine factors associated with MG-PID compared with CT-PID.
Variables were included in multivariable models if the P value
was 0.05 or less; if correlated, the variable most strongly associ-
ated with the outcome was used. Models were built in a forward-
stepwise fashion, using the likelihood ratio test to determine the
significance of the contribution of each variable to avoid over-
fitting the model. Ninety-five percent CIs were calculated for pro-
portions. As vaginal and cervical PMN counts were correlated and
vaginal PMN count is a minor CDC criterion, only vaginal PMN
was included. Logistic regression was used to assess differences
in outcomes by treatment group for those with MG-PID.

RESULTS

During the study period (2006-2017), 149 records of
women with MG-PID were identified, and MG accounted for
5.5% of PID cases at MSHC during this timeframe. Ninety-two
women fulfilled the criteria for presumptive PID and had MG with
no other pathogen detected; 57 women were excluded for reasons
listed in Figure 1. Ninety-two CT-PID cases were randomly se-
lected, as described in Materials and Methods. Eight-seven percent
of patients had PID diagnosed at their initial consultation, and
13% on return to clinic.

Demographic and Behavioral Characteristics

There was no significant difference between median ages
of women with MG-PID and CT-PID (25 years, interquartile range
[IQR], 21-29; and 24 years, IQR, 21-28, respectively; Table 1). In
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Figure 1. Selection of patients for analysis of effectiveness of moxifloxacin and standard treatment of Mycoplasma genitalium associated pelvic
inflammatory disease. “Patients were not randomized, selection of moxifloxacin versus standard therapy was at clinician discretion;
bStandard therapy includes varied combinations of azithromycin 1 g single dose, doxycycline 100 mg twice daily and metronidazole 400 mg
twice daily for 14 days; 20 patients analyzed for effectiveness of standard treatment; 927 patients who received standard therapy and
moxifloxacin and 10 patients who received moxifloxacin only combined for analyses of effectiveness of moxifloxacin; “Cure refers to a negative
test of cure, fail refers to a positive test of cure. n, number; tx, treatment.

unadjusted analyses, compared to CT-PID, women with MG-PID
were more likely to be sex workers (odds ratio [OR] 3.07; 95%
CI, 1.33-7.08), and to have fewer recent male partners (excludes
sex work clients) (MSP > 1; OR, 0.54; 95% CI, 0.30-0.97).

Clinical Characteristics

Univariate analyses showed women with MG-PID had sim-
ilar clinical characteristics to women with CT-PID, although were
less likely to report postcoital bleeding (OR, 0.42; 95% CI,
0.18-0.98; Table 1). On clinical examination, MG-PID was more
likely to be associated with lower abdominal tenderness (OR,
2.36; 95% CI, 1.29-4.28).

Laboratory Characteristics

Women were tested for MG by cervical swab (64%),
vaginal swab (20%), and first-pass urine (16%). On unadjusted
analyses, women with MG-PID were less likely than women with
CT-PID to have elevated vaginal or cervical PMN counts (Table 1).

Associations With MG-PID Compared With CT-PID
by Multivariable Analyses

Women with MG-PID were more likely to have lower ab-
dominal tenderness (adjusted OR, 2.29; 95% CI, 1.14-4.60), but

less likely to have a modest elevation in vaginal PMN counts, com-
pared to women with CT-PID (Table 2).

Sexually Transmitted Diseases ® Volume 46, Number 2, February 2019

Treatment Outcomes in MG-PID

Of the 92 women with MG-PID, 54 (59%) received
moxifloxacin and 38 (41%) a standard regimen only (Fig. 1).
Thirty-seven of 54 women who received moxifloxacin returned
for TOC at 14 to 120 days (Fig. 1). Of these women, 10 of 37
(27%) received moxifloxacin only and 27 of 37 (73%)started
a standard regimen before being recalled for moxifloxacin.
Premoxifloxacin, standard therapy in 23 (85%) of 27 women
was azithromycin followed by doxycycline and metronidazole
and in 4 (15%) of 27 women was doxycycline and metronida-
zole without azithromycin. Ceftriaxone, which has no effect
on MG, was only dispensed presumptively for individuals con-
sidered at risk of gonorrhea. Median duration of standard ther-
apy premoxifloxacin was 7 days (range, 2—14 days). Median
time to TOC was 32 days (IQR, 24-41 days). A higher propor-
tion of women receiving moxifloxacin returned for TOC at 14
to 120 days (37/54 [69%]) in contrast to standard treatment
(20/38 [53%]) (Fig. 1).

Of the 37 women with MG-PID who had moxifloxacin
and a 14 to 120 day TOC, 35/37 [95% (95% CI 82-99)] were
microbiologically cured (Table 2, Fig. 1). There was no sig-
nificant difference in microbiological cure between the
moxifloxacin group and the standard treatment group
(P = 0.948). Of note, both of the moxifloxacin failures
received standard PID treatment before moxifloxacin. Clini-
cal cure, defined as resolution of all pelvic symptoms, was
significantly higher in women treated with moxifloxacin
(33/37 [89%]; 95% CI, 75-97) compared with standard

75

Copyright © 2019 by the American Sexually Transmitted Diseases Association. Unauthorized reproduction of this article is prohibited.



Latimer et al.

TABLE 1. MG-PID Compared With CT-PID: An Analysis of Demographics, Behavioral and Clinical Characteristics (N = 184)

Chlamydia PID Cases

MG-PID Cases

n =92 (%, 95% CI) or n =92 (%, 95% Unadjusted OR Adjusted” OR
Median (IQR) CI) or Median (IQR) (95% CI) P (95% CI) P

Age 24 (21-28) 25 (21-29)
No. MSP last 3 moti

<1 35 (38,28-49) 49 (53, 43-64) 1.0 1.0

> 57 (62,51-72) 43 47,36-57) 0.54 (0.30-0.97) 0.039 054 (0.27-1.06) 0.071
Consistency of condom usaget

Not always 79 (94, 87-98) 72 (85, 75-92) 1.0

Always 5 (6,2-13) 13 (15, 8-25) 285 (0.97-8.40) 0.057
Current sex worker

No 83 (90, 82-95) 69 (75, 65-83) 1.0 1.0

Yes 9 (10,5-18) 23 (25, 17-35) 3.07 (1.33-7.08) 0.008 192 (0.75-497) 0.176
Sex within Australia only ¥

No 36 (42,32-54) 23 (28, 19-39) 1.0

Yes 49  (58,46-68) 59 (72, 61-81) 1.88  (0.99-3.60) 0.054
Reported symptoms
Abdominal pain§

No 23 (25,17-35) 13 (14, 8-23) 1.0

Yes 69 (75, 65-83) 79 (86, 77-92) 2.03 (0.95-430) 0.066
Dyspareunia§

No 43 (47,36-57) 45 (49, 38-60) 1.0

Yes 49 (53,43-64) 47 (51, 40-62) 092 (0.51-1.63) 0.768
Postcoital bleeding

No 73 (79, 70-87) 83 (90, 82-95) 1.0 1.0

Yes 19 (21, 13-30) 9 (10, 5-18) 042 (0.18-0.98) 0044 040 (0.15-1.12) 0.082
Intermenstrual bleeding

No 77 (84,75-91) 71 (77, 67-85) 1.0

Yes 15 (16, 9-25) 21 (23, 15-33) .52 (0.73-3.17) 0267
Dysuria

No 64 (70,59-79) 72 (78, 68-86) 1.0

Yes 28  (30,21-41) 20 (22, 14-32) 0.63 (0.33-1.23) 0.181
Urinary frequency||

No 72 (78, 68-86) 82 (89, 81-95) 1.0 1.0

Yes 20 (22,14-32) 10 (11, 5-19) 044 (0.19-1.00) 0.050 0.56 (0.22-146) 0.234
Vaginal discharge (symptom)

No 36 (39,29-50) 40 (43,33-54) 1.0

Yes 56 (61,50-71) 52 (57, 46-67) 0.84 (0.46-1.50) 0.549
Recorded clinical signs
Lower abdominal tenderness§

No 49 (53,43-64) 30 (33,23-43) 1.0 1.0

Yes 43 (47,36-57) 62 (67, 57-77) 236 (1.29-428) 0005 229 (1.144.60) 0.020
Cervical or adnexal motion tenderness§

No 15 (16, 9-25) 13 (14, 8-23) 1.0

Yes 77 (84, 75-91) 79 (86, 77-92) 1.18  (0.53-2.65) 0.682
Mucopurulent cervicitis

No 57 (62,51-72) 62 (67, 57-77) 1.0

Yes 35 (38,28-49) 30 (33, 23-43) 0.79 (0.43-1.44) 0441
Cervical contact bleeding

No 78  (85,76-91) 81 (88, 80-94) 1.0

Yes 14 (15,9-24) 11 (12, 6-20) 0.76  (0.32-1.77) 0.520
Vaginal discharge (sign)

No 42 (46,37-56) 43 (46, 37-56) 1.0

Yes 50 (54, 44-63) 49 (54, 44-63) 096 (0.54-1.71) 0.882
Bacterial Vaginosis{

Not detected 49 (53, 43-64) 51 (55, 45-66) 1.0

Detected 33 (36,26-47) 32 (35, 25-45) 093 (0.50-1.74) 0.824
Vaginal PMN countfq”"

<1 23 (28,19-39) 38 (46, 35-58) 1.0

14 19 (23,15-34) 12 (15, 8-24) 038 (0.16-0.93) 0.034 034 (0.13-0.89) 0.027

25 40 (49, 38-60) 32 (39, 28-50) 048 (0.24-0.97) 0.041 0.72 (0.34-1.54) 0.400

treatment (10/19 [53%]; 95% CI, 29-76; P = 0.004; Table 2).
Of the 4 patients in the moxifloxacin group with persistent
symptoms, all had abdominal pain and 2 reported dyspareunia.
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Of the 9 patients in the standard treatment group with on-
going symptoms, 7 had persistent abdominal pain, and 3 had
persistent dyspareunia.
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TABLE 1. (Continued)

Chlamydia PID Cases MG-PID Cases
n =92 (%, 95% CI) or n =92 (%, 95% Unadjusted OR Adjusted OR
Median (IQR) CI) or Median (IQR) (95% CI) P (95% CI) P
Cervical PMN countiq""
<5 5 (11, 4-25) 9 (4,12-41) 1.0

5-8 6
>8 33

(14, 5-27) 14
(75,60-87) 14

(38,22-55)  1.29
(38,22-55)  0.24

(0.30-5.54)
(0.24-0.15)

0.726
0.024

“Adjusted model includes: number of male sexual partners, current sex worker, postcoital bleeding, urinary frequency, lower abdominal tenderness, and

vaginal PMN count.

fDenominator varied due to exclusion of patients with unrecorded data.

tMale sexual partners does not include commercial partner numbers.

§All women included in the analysis had presumptive-PID based on CDC criteria: were sexually active and presented with pelvic pain, defined as either
abdominal pain or deep dyspareunia (pelvic pain elicited during sexual intercourse) and had lower abdominal/pelvic tenderness or cervical motion/adnexal

tenderness on examination.

|Urinary frequency was also included in the multivariate analysis based on its contribution to the model using the likelihood ratio statistic.

§Vaginal PMN from high vaginal swab.

B Vaginal and cervical PMN counts were correlated and since vaginal PMN count is a minor CDC criterion for PID, only vaginal PMN were included in

the multivariable model.

mo, months; MSP, male sexual partner; n, number; PMN, polymorphonuclear lymphocyte.

Adherence to Antimicrobial Therapy and
Reinfection Risk

Adherence to therapy was documented in 32 of 37 (86%)
patients who had moxifloxacin and returned for a TOC visit, with
27 of 32 (84%) (95% CI, 67-95) reporting 100% adherence and 5
of 32 reporting <100% adherence (all took >7 days) (Table 2). Of
the 2 microbiological failures following moxifloxacin, one had sex
with an untreated partner before TOC and was at high risk of reinfec-
tion; the other did not have reinfection risk or adherence documented.

Adherence to standard treatment was documented in 16 of
20 patients returning for TOC with 12 of 16 (75%) (95% CI,
48-93) reporting 100% adherence. There was no difference in ad-
herence between the 2 groups (P = 0.436).

Adverse Effects

Adverse effects were significantly more common among
those who took moxifloxacin (P = 0.026), with 15/37 (41%) women
who received moxifloxacin reporting side effects (Table 2). The

TABLE 2. Clinical and Microbiological Outcomes, Adherence and Adverse Effects of Moxifloxacin Compared to Standard Treatment for

MG-PID*} (N = 57)

Moxifloxacin§
Standard treatmenti n = 20 n =237
(%, 95% CI) (%, 95% CI) P

Adherence||

Incomplete 4 (25,7-52) 5 (16, 5-33)

Complete 12 (75, 48-93) 27 (84, 67-95) 0.436
Reinfection risk!* ¥

None 6 (55,23-83) 12 (41,24-61)

Possible 3(27,6-61) 7 (24, 1044) 0.856

Probable 2 (18,2-52) 10 (34, 18-54) 0.320
Reported side effects

No 18 (90, 68-99) 22 (59, 42-75)

Yes 2 (10, 1-32) 15 (41, 25-58) 0.026
Microbiological

outcome

Fail 1 (5, 1-25) 2 (5, 1-18)

Cure 19 (95, 75-100) 35 (95, 82-99) 0.948
Resolution of symptoms||

No 9 (47, 24-71) 4 (11, 3-25)

Yes 10 (53,29-76) 33 (89, 75-97) 0.004

“Patients were excluded if no TOC was performed (n = 25), the TOC occurred <14 day or >120 days after treatment (n = 8), TOC occurred after an alternative,
not standard regimen (n = 1), or the TOC was performed after multiple rounds of antibiotics (n = 2).

‘fPatients were not randomized, selection of moxifloxacin versus standard therapy was at clinician discretion.

}Standard treatment group includes 22 patients who had a TOC at 14-120 days and includes varied combinations of azithromycin 1 g single dose,
doxycycline 100 mg twice daily and metronidazole 400 mg twice daily for 14 days.

§Twenty-seven patients who had standard therapy and moxifloxacin and TOC 14-120 days; 10 patients who had moxifloxacin only and TOC 14-120 days.

| Denominator varied due to exclusion of patients with unrecorded data.

YReinfection risk was defined as none (no sex), possible (sex with a new or treated partner), or probable (sex with a regular partner who has not yet been

tested or treated).
n, number; TOC, test of cure.
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most common side effects were nausea (7 of 15), diarrhea (3 of 15),
and candidiasis (2 of 15); 1 patient reported tendon pain. No
serious adverse effects were reported but 4 of 5 patients who ceased
moxifloxacin early experienced side effects. Of the 20 women who
received standard treatment, only 2 (10%) reported any adverse ef-
fects, the nature of which was not recorded.

DISCUSSION

This study of women meeting the criteria for presumptive
treatment of PID associated with Mycoplasma genitalium, found
a similar clinical presentation to that of CT-PID. Among 37
evaluable women, moxifloxacin microbiologically cured 95% of
MG infections but this did not differ to standard treatment. It
is interesting that moxifloxacin was associated with signifi-
cantly higher resolution of clinical symptoms (89%) compared
to standard treatment (53%), although side effects were com-
mon with moxifloxacin.

There are limited published data examining the association
between MG and PID. While cases included in this dataset ful-
filled the CDC criteria for presumptive treatment for PID, past
studies found that up to half of all cases of presumptive PID did
not have histological endometritis or salpingitis.'* Mild abdominal
pain has previously been reported in MG-associated acute endo-
metritis.' Investigators in 1 study found gonococcal-PID to be
more severe than MG-PID, but found no difference in the clin-
ical presentation of CT-PID and MG-PID.?® Although we found
MG-PID was more likely to be associated with abdominal ten-
derness than CT-PID, the significance of this finding is unclear.
Universal testing for MG in PID at MSHC was not recommended
until 2011, and although the case definition of presumptive PID
required the presence of abdominal or pelvic pain and lower
abdominal/pelvic tenderness or cervical/adnexal motion ten-
derness on examination, it is possible that only more severe cases
were tested for MG before 201 1. In contrast to the clinical find-
ings, MG-PID was associated with modest reduction in cer-
vicovaginal PMN response compared to CT-PID, supporting
the role of CT as an established cause of PID and morbidity. An
important limitation of this study is that outpatient sexual health
services are likely to see milder PID. Studies in hospitals attended
by women with more severe PID may have different findings.
While records were reviewed by the same researcher to control
for differences in interpretation of records, missing data and clini-
cian variability in documentation are unavoidable limitations of a
retrospective case review. Despite these limitations, this remains
the largest study to date of MG-PID examining clinical features.

In this study, both regimens achieved high levels of micro-
bial cure, although clinical cure was significantly higher with
moxifloxacin, and only 53% of women receiving standard regi-
mens experienced complete resolution of PID-symptoms. This
raises the possibility of persistent low load infection, as this pattern
occurs in MG-urethritis.”' However, a direct comparison of treat-
ment outcomes should be interpreted with care due to substantial
differences between those who received standard treatment, and
those given moxifloxacin. Firstly, treatment regimens were not
randomized and were at clinician discretion, with temporal differ-
ences between the 2 treatment groups. Women receiving standard
treatment only were predominantly treated earlier in the study
(60% treated before 2013), while the majority of those in the
moxifloxacin group were treated later in the study (85% after
2013). MSHC has experienced an extraordinary rise in
macrolide-resistant MG and azithromycin-failure from less
than 10% in 2006 to greater than 40% in 2016.%'~%* The group
who received standard treatment only predominantly reflected
the period when macrolide resistance was uncommon and this

regimen may be less effective as high levels of macrolide resis-
tance (>50%) are now seen in 2018.' These data suggest that
regimens containing azithromycin may be effective in regions
with low levels of macrolide resistance. It is possible that cure
is also enhanced by the presence of doxycycline, which we have
recently shown has a substantial effect on MG load and selec-
tion of macrolide resistance.?! Published data suggest that it
is the inclusion of azithromycin that is likely to have affected
cure, as when MG-PID was treated with cefoxitin and doxycy-
cline, the microbiological cure rate was only 59%.> Further data
regarding the efficacy of doxycycline-azithromycin inclusive reg-
imens, particularly with respect to clinical cure, would be of value
considering the cost and lower tolerability of moxifloxacin.

Adverse effects were significantly more common in women
treated with moxifloxacin than standard therapy. Although this
may be directly attributable to moxifloxacin, 73% of women re-
ceiving moxifloxacin had also been exposed to a standard PID reg-
imen. Gastrointestinal side effects are common with quinolones;
however, rare serious adverse effects, including arrhythmias, neu-
ropathy, and tendon rupture, have also been reported. Risk of ad-
verse effects needs to be balanced with risk of serious sequelae
from delaying antimicrobial therapy in PID.®?*% This study was
conducted at a time of rising macrolide resistance in Australia
and during the emergence of quinolone resistance in the region.
A recent meta-analysis reported the efficacy of moxifloxacin for
MG to be declining, from 100% (95% CI, 99-100) in studies be-
fore 2010, to 89% (95% CI, 82-94) since."* Due to the small num-
bers of treatment failures in this study, temporal trends in efficacy
could not be assessed. Of note, a significant proportion of women
treated with moxifloxacin had exposure to standard PID regimens
before moxifloxacin, which may have improved moxifloxacin
cure. Although this may have impacted on the reported efficacy
of moxifloxacin, this is also reflection of real world practice in
the absence of point of care tests. Moxifloxacin, although costly
and associated with more adverse effects, currently remains the
only available therapeutic option in most clinical settings for pa-
tients with macrolide-resistant MG.

This study reports a case series of women with presumptive
PID and MG detected as the sole pathogen. It did not find clini-
cally meaningful differences between women with MG-PID and
CT-PID and does not provide prospective data to inform clinicians
of the likelihood that MG will lead to PID. The CDC recom-
mended standard PID regimen includes doxycycline but not
azithromycin, and has been shown to have low microbiological
and clinical cure for MG-PID.? Macrolide resistance is becoming
increasingly common worldwide and in the majority of high-
income countries exceeds 40%, so azithromycin-based regimens
can be expected to have a declining efficacy. If MG is identified
in a woman presenting with the clinical features of PID and no
other pathogen is detected, then this study provides data showing
moxifloxacin is highly effective in achieving microbiological cure
of MG, but that 2 in 5 women will experience predominately mild
adverse effects. The future will see point-of-care assays for MG
that incorporate resistance markers, and this will assist re-
searchers in determining the efficacy of specific regimens for
MGe-associated syndromes and clinicians in selecting appropriate
antimicrobials to ensure high-level clinical and microbial cure.
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Abstract

Background

Non-consensual removal of condoms, colloquially referred to as ‘stealthing’, is the removal
of a condom during sex by a sexual partner when consent has been given for sex with a con-
dom only.

Methods

We conducted a cross-sectional survey to determine how commonly women and men who
have sex with men (MSM) attending Melbourne Sexual Health Centre had experienced
stealthing, and analysed situational factors associated with the event. Responses were
linked to demographic information extracted from patient files.

Results

1189 of 2883 women (41.2%), and 1063 of 3439 MSM (30.9%) attending the clinic during
the study period completed the survey. Thirty-two percent of women (95% Cl: 29%,35%)
and 19% of MSM (95% CI: 17%,22%) reported having ever experienced stealthing. Women
who had been stealthed were more likely to be a current sex worker (Adjusted Odds Ratio
[AOR] 2.87,95% CI: 2.01,4.11, p <0.001). MSM who had experienced stealthing were more
likely to report anxiety or depression (AOR 2.13, 95% Cl: 1.25,3.60, p = 0.005). Both female
and male participants who had experienced stealthing were three times less likely to con-
sider it to be sexual assault than participants who had not experienced it (OR 0.29, 95% Cl:
0.22,0.4 and OR 0.31, 95% Cl: 0.21,0.45 respectively).

Conclusions

A high proportion of women and MSM attending a sexual health service reported having
experienced stealthing. While further investigation is needed into the prevalence of steal-
thing in the general community, clinicians should be aware of this practice and consider
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integrating this question into their sexual health consultation. Understanding situational fac-
tors would assist in the development of preventive strategies, particularly female sex work-
ers and MSM.

Introduction

Non-consensual removal of condoms, colloquially referred to as ‘stealthing’[1] or ‘stealth-
breeding’ [2], refers to the practice of a sexual partner covertly removing a condom, when con-
sent has been given for condom protected sex only [1]. Condoms are used asa primary pre-
ventative method of protecting against sexually transmitted infections (STI), human
immunodeficiency virus (HI'V) and pregnancy, being 80 to 98.6% effective [3-5]. Stealthing
may result in the transmission of ST1Is, HIV, or unintended pregnancy, and could have signifi-
cant personal and public health implications.

Studies of undergraduate students have found consent for sexual intercourse to be mostly
communicated through non-verbal means [6, 7], with consent for sexual intercourse often
implied in the process of asking for or applying a condom [6]. Brodsky has argued that con-
dom removal without mutual agreement violates consent to sex [1].

In young adult heterosexual relations, it is common for male partners to engage in condom
resistance tactics [8]. Several studies have identified stealthing as a method of birth control sab-
otage [9, 10],as well as a means of intentional HIV transmission [11]. Anecdotal research by
Brodsky focusing on heterosexual and heteronormative relations, and theoretical research by
Brennan focusing on condom-less sex between men, argue these are not the primary motiva-
tors for this act [ 1, 2].

In spite of public interest in stealthing, there are no scientific articles that investigate how
common it is, who is most at risk, and the outcomes for those who report being stealthed. We
aimed to investigate the proportion of sexual health centre patients reporting nonconsensual
removal of condoms: 1) among heterosexual women and 2) among men who have sex with
men, as well as associated risk factors. For the purpose of this study, ‘stealthing’ was defined as
condom removal without consent, where consent to sex was conditional upon use of a
condom.

Methods
Population and setting

This was a cross-sectional questionnaire-based study conducted amongst women and gay and
other men who have sex with men (MSM) attending the Melbourne Sexual Health Centre
(MSHC) in Victoria, Australia, between the 22 December 2017 and the 22™ February 2018.
MSHC is the largest public sexual health service in Victoria, Australia. The centre provides
around 50,000 consultations every year, 37% with women and 36% with MSM [12]. Clinic
attendees routinely complete a computer assisted self-interview (CASI) about their sexual his-
tory prior to seeing a triage nurse.

Study measurement

Women and MSM presenting to MSHC, aged 18 or over, were invited to complete an elec-
tronic questionnaire containing questions about stealthing after completing CASI. Participants
read a patient information and consent form which detailed the nature of the survey,and
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patients could only commence the questionnaire after ticking a box stating ‘Yes- willing to
help’. Due to the potential of the questionnaire to cause distress when recalling the stealthing
event, the participant information included advertisement of free counselling services available
at MSHC and elsewhere. The Alfred Hospital Ethics Committee approved the study (number
494/17).

Age, number of sexual partners, and HIV status were extracted electronically from rou-
tinely collected clinic records for respondents and non-respondents, de-identified for non-
respondents, and linked to questionnaire responses for respondents (Fig 1).

The questionnaire asked whether the participant had ever had a condom removed during
sex with or without permission and at what point the participant noticed. Participants could
choose from a hierarchy of seven responses describing the circumstances. Multiple responses
were allowed for those reporting multiple occurrences, and there was no time limit applied to
the reported event. Participants were deemed not to have experienced stealthing if they
responded either: 1) they had never had a condom removed during sex, 2) thata condom had
been removed with permission, or 3) that a condom was removed without permission but they
willingly continued sex. Participants were deemed to have experienced stealthing if they
reported: 4) condom removal without permission and sex continued unwillingly, 5) condom
removal without permission and sex was discontinued, 6) condom removal during sex but they
did not realise until afterwards, or 7) the condom was never put on despite being requested. Ifa
participant only selected options between 1 and 3 they were classified as never having been
stealthed. If a participant selected any option between 4-7, regardless of whether they had also
selected options between 1 and 3, they were classified as ever having been stealthed (Fig 1).

Participants who reported stealthing were asked further questions about the specific event
(Fig 1). Participants who had selected multiple options were asked about the incident with the
highest assigned number. For instance if they reported several stealthing events with differing
scenarios and selected both response 4 and 5, then specific questions were asked about “event
5" only~i.e. condom removal without permission and sex was discontinued. Questions
included: when the incident occurred, how long they had known the partner, how they would
describe the relationship, where they had met, whether either person had been using drugs or
alcohol, whether the event was reported to the police, and what they perceived were the conse-
quences of the condom removal. All respondents were asked whether they considered the
removal of a condom without consent to be sexual assault.

Statistical analysis

All analyses were performed using Stata IC version 14. MSM who reported only insertive anal
sex and no receptive anal sex while completing CASI were excluded from the dataset prior to
analysis of questionnaire responses, as experiencing stealthing was considered unlikely if the
male was only the insertive partner. Risk factors for experiencing stealthing in women and
MSM were not compared to each other as they are different populations. Univariable and mul-
tivariate analyses were performed to determine the differences in demographics between non-
respondents and respondents, and the differences between those who had and had not experi-
enced stealthing. Variables were included in multivariate models if the p-value was <0.1; if
correlated, the variable most strongly associated with the outcome was used. Models were built
in a backward-stepwise fashion, using the likelihood ratio test to determine the significance of
the contribution of each variable. Ninety-five percent binomial confidence intervals (Cls) were
calculated for all proportions. We assumed 100 patients would complete the survey each week
and estimated 2% would report ever being stealthed. The 95% confidence interval around an
estimated 2% prevalence of stealthing after six weeks (600 responses) would be 1.0%, 3.5%.
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Fig 1. Possible pathways for patients offered the survey, and the dassification for analysis of nonconsensual condom removal,
Abbreviations: MSM = men who have sex with men; CASI = computer assisted self-interviewing. *Participants were classified as never
having experienced stealthing if they responded either: 1) they had never had a condom removed during sex, 2) thata condom had been
removed with permission, or 3) that a condom was removed without permission but they willingly continued sex. ®Participants were deemed
to have experienced stealthing if they reported: 4) condom removal without permission and sex continved unwillingly, 5) condom removal
without permission and sex was discontinued, 6) condom removal during sex but they did not realise until afterwards, or 7) the condom was

hitps: #/doi.org/10. 1371/journal pone. 0208779 .g001

Results

During the study period, 2883 women and 3439 MSM attended the clinic, of whom 1189
women (41%, 95%CI: 39%,43%) and 1063 MSM (31%, 95%CI: 29%,32%) completed the survey
(classified as respondents).

Female respondents were more likely than non-respondents to have had sex overseas in the
last twelve months (adjusted odds ratio [AOR] 1.49, 95% CI: 1.26,1.77, p<0.001) and were less
likely to be a current sex worker (AOR 0.78, 95% CI: 0.63,0.96, p = 0.02) (Table 1). Compared
to MSM non-respondents, the men who responded were more likely to have had sex overseas
in the last twelve months (AOR 1.70, 95% CI: 1.37,2.11, p<0.001), and were less likely to be
HIV positive (AOR 0.60, 95% CI: 0.38,0.95, p = 0.029) (T'able 1).

Of the 1189 women and 1063 MSM who consented to the survey and answered the first
question: 60 (5%) women and 64 men (6%) declined to answer whether they had experienced
stealthing, 45 (4%) women and 37 (3%) men deemed the question to be not applicable to them
i.e. they never used condoms, or did not engage in penetrative sex with men and 90 (8%) men
were removed from the analysis, as they had only reported insertive anal sex and not reported
receptive anal sex in CASI (Table 2).

Three hundred and forty-six of the remaining 1084 women (32%, 95% CI: 29%,35%) and
168 of the remaining 872 MSM (19%, 95% CI: 17%,22%) reported having ever experienced
stealthing (Table 3). Of those who had experienced stealthing, forty-two women (12%, 95% CI:
9%,16%) and 23 MSM (14%, 95% CI: 9%,20%) presented to the clinic on the day of the ques-
tionnaire following a reported stealthing incident (Table 4).

Data missing from up to 5% of female respondents and up to 3% of male respondents; pro-
portions are calculated using available data.

On multivariate analysis, women who had been stealthed were more likely to be a current sex
worker than those who had never experienced stealthing (AOR 2.87, 95% CI: 201,4.11, p<0.001)
(T'able 3), and MSM who had been stealthed were more likely to report ‘health issues, such as anx-
iety or depression which may have affected their decision to use condoms for anal sex’ than those
who had never experienced stealthing (AOR 2.13,95% CI: 125,3.60, p = 0.005) (T'able 3).

Most women met the male partner who had stealthed them through friends (29%, 95% CI:
249,34%) or sex work (23%, 95% CI: 19%,28%). MSM reporting stealthing most commonly
described the partner as someone they “did not know well” (61%) and had predominantly met
them through geosocial dating applications or online (67 %, 95% CI: 59%,74%) (Table 4).

Atthe time of the stealthing incident, 41% (95% CI: 36%,47%) of women and 54% (95% CI:
46%,62%) of MSM reported being sober, while 57% (95% CI: 51%,62%) of women and 41%
(95% CI: 33%,49%) of MSM had consumed alcohol. Twelve percent of women and 13% of
MSM had used other drugs either in addition to or withoutalcohol (Table 4). The majority of
women reported their partner had consumed alcohol (68%, 95% CI: 62%,73%) and/or other
drugs (19%), with only 27% (95% CI: 22%,33%) stating the partner had been sober when the
incident occurred. Many MSM believed their partner to be sober (53%, 95% CI: 44%,62%),
with 40% (95% CI: 31%,50%) of partmers under the influence of alcohol, and 12% using addi-
tional/or other drugs (Table 4).
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Table 1. Demographics and epidemiclogical features of respondents versus non-respondents to survey on rates of non-consensual removal of condoms (stealthing)
ina STI dinic (N =6322).

Female non-respondents  Femalerespondents Unadjusted Odds p-value  Adjusted Odds Ratio® = p-value
n=1694 (%95%Clor  n=1189(%; 95%CI) Ratio (95% CI) (95% CI)
median [range)] or median [range|
Age 27 | (16-74) 26 [18-64)
Employment
Employed 958 | (60; 57,62) 689  (60; 57.62) 1
Not in the labour force® 641 | (40:3843) | 467 (40:3843) 101 |(087,118) 0.87
Aboriginal and/or Torres Strait Islander
peoples
No 1479 | (99;98,99) 1074 (99, 98,99) 1
Yes 16 | (1:02) 14 (12) 120 | (0.59,2.48) 0.613
Sex overseas | | | |
No 817 (60;5762) | 4% (4%455) | 1 L
Yes 552 | (40; 3843) | 517 (524855 158 ((1.35,186) <0.001 149 [(126,177) | <0.001
Injecting drug use
Never injected 1420 | (98; 97.99) 1023 (98; 97.99) 1
Ever injected 26 | (2 1,3) 22 1(213) 1.17 | (0.66,208) 0.582
Current sex worker
No 1951067478) | 8% 6%7984) | 1 -
Yes 348 | (24;2226) L 191 (18:1621) 070 | (0.58,086) <0.001 078 | (063,096) 0.020
Condom Use in the last 3mo with male
partners
Not always 1014 | (83;8185) 765  (82; 80.85) 1
Always 204 | {17:15,19) | 163 (18;15.20) . 106 |{0.84,1.33) 0.619
Number of male sexual partners 1| [0-50] 1 [0-15]
in the last 3mo
Male non-respondents Malerespondents Unadjusted Odds p-value  Adjusted Odds Ratio®  p-value
n=2376 (% 95% Cl)or n=1063(%;95%CI) Ratio (95% CI) (95% CI)
_ median [range] . or median [range]
Age 30| (16-82) 30 [18-75)
Employment
Employed 1480 | (67; 65,69) 64 (64;61,67) 1
Not in the labour force® 742 | (33;31,35) 361  (36:3339) 1.12 | (0.96,1.31) 0.161
Aboriginal and/or Torres Strait Islander
peoples | | | !
No 2114 | (99;98.99) 978 | (99:99,100) 1 1
Yes 26 | (1;12) 5 (1:01) 042 | (0.16,1.09) 0.073 064 | (021,1.97) 0.441
Sex overseas
No 1365 | (70: 69,72) 542 (61: 5864) 1 1
Yes 587(0:2832) | M5 (9364 | 148/(125075 | <0001 170/(13721) | <0001
Injecting drug use i | {
Never injected 2048 | (96; 96,97) 914 (97;96,98) 1
Ever injected 75 | (4:34) 28 (3:24) 084 | (055,1.3) 0.428
Current sex worker
No 2126 (>99;99,100) 933 (99:9899) 1 1
Yes 9l(uon | 10 (512 | 253/(103.625) 0.04  272((097.7:59) 0.057
Condom Use in the last 3mo with male
partners
Not always 1379 | (74;72,76) 616 (71;68,74) 1
Always 492 | (26;24,29) 246 (29;2632) 112 | (0.93,1.34) 0.220

(Continued)
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Table 1. (Continuved)

HIV status : | | | . ‘
Negative 1279 (91;9093) 558 (95:9296) 1 | ] 1] |
Positive 119 (9;7,10) 32 (5:48) 062 | (041,092) 0.019 061 |(038,097) | 0.038
Use of prep | | J | 2 m
No | 1844 (81:7982) | 861 (83;8185) 1 | .
Yes 436 | (19;1821) 17 (17:1509) | 085((070,104) | 0112
Number of male sexual partners 3 [0-100] 3 [0-140)
in the last 3mo |

Abbreviations: n = number; CI = confidence interval; mo = months; HIV = human immunodeficiency virus; PrEP = HIV pre-exposure prophylaxis

*Adjusted model for females includes: sex overseas and current sex worker

®Not in the labour force includes both those who are unemployed and/or students
“Adjusted model for males includes: Aboriginal and/or Torres Strait Islander peoples, sex overseas, current sex worker and HIV status.

Data missing for: <5% of PrEP data; <5%-10% of employment data; 5-15% of Aboriginal and/or Torres Strait Islander peoples data; 10-15% of current sexworker dat;
10%-20% of sex overseas data and injecting drug use datx; 15- >20% of condom use data; and >20% of HIV data. Proportions are calculated using available data.

htips /idol.org/10.1371 Joumal.pone 02097791001

The majority of women (61%) and MSM (55%) discussed the removal of the condom with
their partners after the event. Over half of the participants reported being emotionally stressed
following the incident. Eight percent of women and five percent of MSM reported they
thought they had acquired an STI following the event. One percent of women and two percent
of MSM believed they had acquired HIV as a consequence of being stealthed (Table 4). Only
1% of people stealthed reported this experience to the police (Table 4).

Table 2. Reported events of non-consensual removal of condoms (stealthing) amongst patients presenting toa
STI dinic (N =2252)%,

Female Male respondents
respondents n= 1063 (%; 95%
n = 1189 (% 95% Cn
Classified as not experiencing ‘stealthing’ ; '
- Never stealthed 420 l (35:33,38) | 496 (47:44,50)
_ Condom removed w permission o 455 (38:3541) | 315 (30;2732)
~ Condom removed w/o permission but continued willingly 104 ‘ (9:7.10) 77 (%69
Classified as experiencing ‘stealthing’ ‘
~ Condom removed w/o permission, and continved unwillingly 108 ‘ (%:811) | 52 (546
- Condom removed w/o permission, and stopped 135 ‘ (11:10,13) ‘ 65 (&5.8)
| Condom removed w/o permission, but didn’t realise until afterwards 147 I (12;11,14) | 60 (64,7
Condom never puton but had been requested 84 x (7:6,9) 41 (43,5
Removed from further analysis | [ |
Not applicable® 45 | (4:3,5) 127 (12:10,14)
 Decline answer 60 (5; 46) 64 (6:58)

Abbreviations: n = number; CI = confidence interval; w = with; w/o = without.

*Patients could select multiple options, to report multiple events occurring, ie. events are not mutually exclusive,
therefore percentages do not sum to 100. Percentages represent the proportion of participants who have reported the
event. If reporting multiple events, patients were classified in the analysis based off the highest numbered event they
reported, if 1is Never and 7 is ‘Condom never puton even though requested”.

*Not applicable refers to patients who have not/do notengaged in penetrative penile sex, includes 97 MSM who
responded to survey but reported no receptive anal sex and 30 who selected not applicable.

https /idoi.org/10.1371joumal pone. 0209779 1002
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Table 3. Risk factors assoclated with non-consensual removal of condoms (stealthing) in patients presenting to a STI dinic (N = 2042).

Womenwho havenot =~ Womenwhohave = Unadjusted Odds | p-value  Adjusted Odds Ratio  p-value
had been stealthed ~ havebeen stealthed = Ratio (95% CI) (95% C*
n=738 (% 95% CI)or n=346 (%;95% CI)
median [range] or median [range)
Age 26 | [18-58) 26 | [18-55)
Number of male sexual partners in the 2| [0-15) 1 [0-15)
last 3mo
Employment®
Employed 439 | (61;57,65) 189 | (56; 51,62) 1
Not in the labour force 281 |(39:35,43) 146 | (44;3849) 1.21 | (0.93,157) 0.161 |
Education level |
Did not complete high school 18 | (2:1,4) 13 | (4:26) 1 |
' High school/Certificate/Diploma 238 | (33;29,36) 134 | (39;34,45) 0.78 | (0.37,1.64) 0512 |
 University degree | 475 |(65:61,68) 195 | (57; 52.62) 0.57 | (0.35,147) 0.131 l
Aboriginal and/or Torres Strait Islander peoples
No 672 | (99:98,99) 319 (98:9699) 1
Yes 8|(112) 5(214) 1.31 | (0.43,4.06) 0632
Australian/New Zealander l
No 441 | (63:59,66) 166 | (51; 45,56) 1
Yes 264 | (37;34,41) 160 | (49; 44,55) 161 |(1.23209) <0001 | 126 (094,170) | 0.122
Current sex worker
No 573 | (87:85,90) 215 | (71; 65.76) 1
Yes 83 |(13;10,15) 89 | (29:2435) 2.86  (2044.01) <0.001 287 (201,411) | <0.001
Injecting drug use
Never injected 644 | (98;97,99) 295 | (97:9599) 1
' Ever injected 11 [(21.3) 8((315) 159 | (0.633.99) 0325
Sex overseas
No 303 | (47:44.51) 136 | (47: 41,53) 1
Yes 335 | (53:49.56) 153 | (53; 47,59) 1.02 | (0.77,1.34) 0903
Use other contraceptives in addition to
condoms®
'No 293 | (46:42,50) 112 | (47; 40,53) 1
Yes 339 | (54:50,58) 128 | (53; 47,60) 0.94 (0.733,133) 0.936
MSM whohavenot =~ MSM who have been = Unadjusted Odds p-value Adjusted Odds p-value
been stealthedn=704 stealthedn=168(%, |  Ratio (95% CI) Ratio (95% CI)*
(%; 95% CI) or 95% CI) or median
median [range] [range]
Age 30 (18-75) 29 | [18-58)
Number of male sexual partners in the 3| [0-140) 3 [0-100]
last 3mo
Esplormnt .
 Employed 435 |(65:61,69) 98 |(61;5368) 1
Not in the labour force 232 | (35:31,39) 63 | (39;3247) 1.20 | (0.85,1.72) 0302
Education level
Did not complete high school 24 |(3:2,5) 7 |(4:28) 1
High school/Certificate/Diploma 183 | (26:23,30) 34 (205 14.27) 0.64 | (0.25,1.60) 0336
Universiy degree 94| 06770) | 127066882 | 088 (037209 | 0775
Aboriginal and/or Torres Strait Islander peoples
No 701 | (100;99,100) 166 | (99; 97,100) 1
Yes 2 (0;0,1) 1(1:03) 2.11 (0.192342) 0.543
(Continued)
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Table 3. (Continued)

. Womenwho have not Women who have

Unadjusted Odds = p-value | Adjusted Odds Ratio | p-value
had been stealthed ~ havebeenstealthed = Ratio (95% CI) (95% C* ’
n=738 (%95%C)or  n= 346 (%; 95% CI)
| | median [range] | or median [range] [
Australian/New Zealander l l
No | 343 (50;46,54) 83 | (49; 42.57) 1 |
Yes | 342 | (50;46,54) 85 | (51; 43,58) 1.03 | (0.73,1.44) 0877 |
Current sex worker | |
No | 622 [(99;98,100) 151 | (99 95,100) 1 |
Yes | 51502 2/(1:05) 1.65 | (0.32857) 0553 |
Injecting drug use ! |
Never injected | 611 |(97:96,98) 145 | (96; 92.99) |
Ever injected 18 (324 6 (4:18) 1.4 (0.55360) 0480 I
Sex overseas | |
No | 354 (60:56,64) 82 | (57; 49.66) 1 |
' Yes | 237 | (40:36,44) 61 (43;3451) L11 (077.161) 0577 |
HIV status | |
| No | 375 (95;93,97) 96 | (2:8597) 1 l
Yes L 19(537) 8 |(8:3.15) 164 (070387) 0255 |
Use of prep | [ l
No | 582 |(84;81,87) 126 | (78: 71.84) 1 1 l
' Yes | 110 | (16:13,19) 35 (22:1629) 1.47  (0.96225) 0077 116 (070,192) | 0.7
Drugs use with anal sex w/oa condom in thelast 12mo*® ; |
No | 222(58:53,63) 58 (55 45,64) 1 '
Yes | 162 | (42:37,47) 48 | (45;3655) 113 (074175) | 0569 l
Drunk during anal sex w/o a condom in the last 12mo” l '
No | 219 |(57:52.62) 53| (50 4160) ! |
Yes | 166 (433848) | 52| (50:4059) 129 | (0.84,199) 0242 l
Anal sexw/0a condom with known HIV positive in the last 12mo® !
| No 319 | (83;79,87) 83 | (82:73.89) 1 I
Yes 65| (17:13.21) 18| (18;11,27) 1.06 | (0.60,1.89) 0832 !
Anal sex w/oa condom with someone of unknown HIV status in the last 12mo® !
No | 189 | (50:45,55) 39 (38:2048) | 1 1 F
' Yes | 190 |(50:4555) | 63 (625271) | 161 (L03251) 0038 | 151 (096239) | 0075
Self-reported health issues, such as anxiety or depression, which may have affected your decision to use condoms for anal
sex?*
No | 318 |(85;81,89) 74 | (73; 6381) 1] 1 |
Yes L 55|(1511,19) 28 |(27;19.37) 2.19 | (1.30368) 0003 | 213 (12536) | 0.005

Abbreviations: n = number; CI = confidence interval; mo = months; MSM = men who have sex with men; HIV = human immunodeficiency virus; PrEP = HIV pre-

exposure prophylaxis; w/o = without

*Adjusted model for females includes: Australian and current sex worker

®Not in the labour force incdludes both thase who are unemployed and/or students
“Women who reported not using contraception due to pregnancy were excluded (2 females who did not have condoms removed, and 10 who did).
“Adjusted model for males includes: use of prep, condom use with someone of uncertain HIV status, health issues (anxiety & depression) affecting decisions to use

condoms.

“These questions were asked only to patients who had reported unprotected anal sex since their last HIV test as part of their routine computer assisted self-interviewing

(CASI).

Data missing for: <5% of employment data, education data and PrEP data; <5%-10% of Aboriginal and/or Torres Strait Islander peoples dataand Australian data; 10%-
15% of injecting drug use data and current sex worker data, 10%-20% sex overseas data; 10- >20% contraception data; and >20% of HIV status and questions on isues
affecting decisions to use condoms. Proportions are calculated using available data.

hitps /idol.org/10.1371joumal pone (2097791003
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Table 4. Situational factors surrounding non-consensual removal of condoms (stealthing) reported by patients presenting to a STI clinic (N =523).

Women MSM
n =346 (%; 95% CI) n =168 (%; 95% CI)
When the incident occurred !
Heretoday for this reason 42 1(12:9,16) 2 (14:920)
In thelast 3mo 59 [(17:13,22) 20 (12;7,18)
3-12mo ago 78 |(23:18,28) 35 (21;1528)
Morethan 12 months ago 120 | (35;30,40) 78  (46:39,54)
Morethan 1 occasion 43 (13,9.17) 12 (7:4.12)
Relationship
Did ot know him well 101 (30:25,39 102 (61:5469)
Friend 3 (1:7.14) 10 (63.11)
Friend with benefits/ Sex buddy 51 |(15:12,20) 30 (18:13.25)
Casually dating 54 (16:12,21) 22 (13;819)
Relationship 25 | (85,11) 2 (1:04)
Client {of sex worker) 69 (21;16,25) 0 (%:02)*
Less than a day (<24hrs) 126 | (38;33,44) 85 (52 44,59)
One day to one month 95 1(29;24,39) 39 (24;1731)
More than one month 107 | (33;28.28) 41 (25:1832)
Met through
Smartphone dating app/Internet 64 | (20:15,24) 110 (67; 59.74)
(Gay) bar or party 50 | (15;12,20) 20 (12;8,18)
Gay sauna, beats of SOPV, sex party 2 {1:0.2) 24 (15:1021)
Friend, or friend of friend 94 1 (29:24,39) 6 (4:18)
Co-workers 22 [ (7:4.10) 3 (205
Sex work 76 |(23:19,28) 0 (0;02)*
Travel 15 (5:3.7) 0 (%02)*
Other (café, park etc.) 4/(1:03) 1 (1:03)
Drugs used by partner™ . |
None 75 | (27:22,33) 63 (53;44,62)
Alcohol 188 | (68;62,73) 48  (40; 31,50)
Cannabis/marijuana/hash 28 (10:7,14) 4 (3:18)
Ecstasy 12 | (4:2,7) 4 (318)
Speed/ice/meth 5 (21,4) 6 (5211)
GHB 2|(1:03) 3 i),
Cocaine 10 | (4:2,7) 3. (17
Heroin 1{<102) 0 (0:03)°
Other 1/{<102) 3. &L
Drugs used by respondent™
None 135 | (41;36,47) 87  (54:4662)
Alcohal 186 (57:51,62 65 (41:3349)
Cannabig/marijuana/hash 21 | (6:4,10) 3 (205
Ecstasy 9 (315 4 (%16
Speed/ice/meth 5((2:04) 8 (529
GHB 2((102) 3 (205
Cocaine 8|(215) 4 (3186)
Heroin 1/(<1:02) 0 @o02*
Other 0 /(0:;0,1) 4 (3:16)
(Continued)
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Table 4. (Continuved)

Women MSM
=346 (%; 95% CI) , R =168 (%; 95% CI)

Condom removal discussed with partner | | | |

No | 128 | (39:33,44) 74 (45;37.52)

Yes _ 204 | (61:56.67) 92 (55; 4863)
Consequences of condom removal® | |

None _ 85 | (25:21,30) , 62 (38 3046)

Emotional stress ! 190 | (56:51,62) 86 | (52; 45,60)

Caughtan STI 26 | (8:5,11) 9 (5:3,10)

Contracted HIV 1] 2(1:02) 3 (2:05)

Fight | 49 (14:11,19) 15 (9:5.15)

Relationship broke up 30 (9:6,12) 6 (4:18)

Other 1 42 (12:9.16) 12 7:412)
Reported o the police | | !

No 336 | (99:97,100) 163 | (98; 95,100)

Yes ! 3 1(1:03) 3 12:05)

Abbreviations: n = number; CI = confidence interval; MSM = men who have sex with men; mo = months; SOPV = sex on premises venue; GHB = Gamma-
hydroxybutyrate; STI = sexually transmitted infection; HIV = human immunodeficiency virus

*one-sided, 97.5% confidence interval

®Patients could select multiple options, to report multiple events occurring, i.e. events are not mutually exclusive, therefore percentages do not sum to 100. Percentages
represent the proportion of participants who have reported the event.

64 women (19%) and 47 MSM (28%) were unsure as to whether or not their partner had used any akohol and/or other drugs and were removed from the analysis.
411 women (3%) and 6 MSM (4%) were unsure as to whether or not they had used any akoholand/or other drugs and were removed from the analysis.

https /idoi,org/10.1371joumal pone 0209779 1004

Both female and MSM participants who had experienced stealthing were less likely to con-
sider it to be sexual assault than participants who had not experienced stealthing. Amongst
women, 62% (95% CI: 56%,67%) of those stealthed considered itto be assault, compared to
85% (95% CI: 82%,87%) of those not stealthed (OR 0.29, 95%Cl: 0.22,0.4, p<0.001). Amongst
men, 61% (95% CI: 53%,69%) of those stealthed considered it to be assault versus 84% (95%
CI: 81%,86%) of those not stealthed (OR 0.31, 95%ClI: 0.21,0.45, p<0.001).

Discussion

Although increasingly discussed in international media, there is little scientific research on
non-consensual removal of condoms, popularly termed ‘stealthing’. To our knowledge this is
the first study investigating how common stealthing is, the context in which it occurred, the
impact on individuals, and how those stealthed perceive the event. A surprising proportion of
clients attending a sexual health centre in Melboume (32% of women and 19% of MSM)
reported removal of acondom in a situation where they would not have willingly engaged in
sexual intercourse without one—in other words, a violation of their consent [1].

These data need to be interpreted in the context of a STI clinic population which is gener-
ally a higher risk group than the general population. Our data show that 4% of women and 3%
of MSM presenting to our clinic during the study period were attending following a stealthing
incident. This equates to over 1200 consultations per year [12]. These data suggest that steal-
thing is common and should be considered when assessing patients in ST1 services.

Female respondents were less likely to be a current sex worker and MSM respondents were
less likely to be HIV positive, compared to non-respondents. It is possible that both sex work-
ers and HIV positive men were less likely to complete the survey due to privacy concerns,
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especially with regards to condom use and their legal obligations, which vary state by state in
Australia. In Victoria, sex workers are legally required to use condoms with clients{ 13}, and
while those who are HIV positive are not legally required to disclose their HIV status, they
must take reasonable precautions to prevent HIV transmission to those they are engaging in
penetrative sex with[ 14]. Reasonable precaution refers to correct use of condoms and lube dur-
ing intercourse. While female sex workers were less represented in respondents than non-
respondents, 18% of participants were sex workers and we still observed an association
between being a sex worker and being more likely to be stealthed. Low numbers of HIV posi-
tive men participating may have limited our ability to examine any association between steal-
thing and HIV status. Lastly, both women and MSM who had been overseas recently were
more likely to respond to our survey. This may bias our findings towards individuals who may
have participated due to recent high risk sexual encounters, in the context of overseas travel
[15].

Women who experienced stealthing were three times more likely to be sex workers com-
pared to those who had not. In the Law and Sex Worker Health (LASH) Survey conducted in
Australia, 8% of respondents reported assault by clients [16]. However the LASH survey did
not compare rates of assault to the general population or differentiate between physical and
sexual assault, and only examined assault in the workplace. Perkins’ (1991) research with Syd-
ney-based brothel workers found that 20% of sex workers experienced rape while working.
Outside the workplace sex workers experienced higher levels of sexual assault compared with
non-sex workers, with 46.9% reporting rape, compared to 21.9% of health workers and 12.7%
of students [ 17]. Our data are consistent with these findings that sex workers are at increased
risk of non-consensual sex acts.

Sixty-seven percent of MSM who had experienced stealthing met the partner via geosocial
dating applications, for example Grindr, Tinder or Scruff. This is comparable to the number of
MSM meeting partners through dating applications (70%) [18]. Sexual encounters initiated
online are more likely to include unprotected anal intercourse [19], however it has also been
found that meeting partners online increases the likelihood of discussion between partners of
preferred sexual practices compared to meeting partners offline [19,20]. MSM who had been
stealthed were twice as likely to report having anxiety or depression. Depressive symptoms
and anxiety are predictive of condom non-use [21] and higher levels of depression are related
to lower levels of self-efficacy for sexual safety [22]. MSM who have anxiety or depression may
be vulnerable to stealthing for this reason.

In this study, the majority of women (73%) believed the partner who had stealthed them to
be under the influence of alcohol and/or other drugs. In heterosexual relations, the link
between alcohol consumption and committal of sexual assault is well documented [23, 24].
Condom resistance tactics and sexual aggression with female partners are more commonly
employed by men with history of sexual aggression and alcohol intoxication [25, 26]. Addi-
tionally, both alcohol consumption [27] and condom use [28, 29] have been associated with
erectile dysfunction. Men with erection issues are more likely to engage in unprotected sex,
misuse condoms [28, 29], and are more likely to remove condoms before sex is over
(p=0.001) [29]. Literature supports our finding that heterosexual men who have consumed
alcohol may be at increased risk of committing nonconsensual sex acts, and may be removing
the condom to maintain an erection.

Whilst the majority of those reporting stealthing considered it sexual assault, they were
three times less likely to consider stealthing sexual assault than those who had never experi-
enced it. The US National Crime Victimization Survey found 20% of female victim narratives
contained excuses for offenders’ behaviour, denials of injury, or justification of the incident as
the victims’ fault [ 30]. This allowed the women to avoid the distress of labelling themselves
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victims of a crime, or their partners as criminals [30]. Victims of stealthing may also not yet
view themselves as sexual assault victims as stealthing is a relatively new topic. Sexual assaultis
a term with many connotations and there are cultural myths as to who is a ‘real’ sexual victim
[31], with the type of violence experienced influencing society’s view as to whether a woman is
a victim [32]. Our current language around sexual assault (and in this case, stealthing) may
require expansion- until an act is named as assault it cannot be viewed as such, and cannot be
reported or legislated against [33). A limitation of this study is that we did not ask respondents
why they did not consider stealthing to be sexual assault.

Stealthing has potentially serious consequences. The majority of patients reported conse-
quences following the stealthing incident, with over half experiencing emotional stress. Although
literature contains estimates as to the rate of STI and HIV transmission during sexual assault, itis
difficult to establish if an STI has been acquired from a specific event. The Centers for Disease
Control and Prevention (CDC) guidelines recommend testing all people for ST1s following sexual
assault [34], with the caveat that many positive tests will be from a pre-existing STI [35]. MSM
patients with condom malfunction or condom-less sex presenting in a 72 hour window fulfil crite-
ria for HIV Non-Occupational Post Exposure Prophylaxis (nPEP) [36, 37, and therefore MSM
who present reporting non-consensual condom removal should be prescribed it.

This study has several limitations. Firstly, this study was offered in English only, which
means it cannot be generalised to attendees who are not fluent in English. Secondly, this study
may be subject to responder bias, as those who have experienced stealthing may have been
more likely to answer the survey. Given this isa retrospective survey, participant responses
may be subject to recall bias, and specific contextual situational factors and outcomes were
asked about one event only for those stating it had happened on more than one occasion.
While some participants within our study attributed the acquisition of STIs to being stealthed,
this cannot be verified. According to attribution theory [38] following an adverse event people
will make attributions to understand and control their environment[39], with situational fac-
tors often exaggerated when there is a negative outcome [40], and thus patients could be incor-
rectly attributing contracting a STI to the stealthing event.

Despite these limitations, this study has a large sample size with over two thousand
responses. Accurate statistics describing the prevalence and incidence of sexual assault are dif-
ficult to obtain since the majority of assaults are not reported to authorities and victims often
do not access services [31]. Only 1% of patients reporting stealthing in this study reported the
event to the police. Although this study may be subject to recall bias, population surveys are
the best means of learning the true extent and nature of these crimes, rather than relying on
crime statistics. This is the first study to describe how commonly this practice is occurring.

In summary, stealthing was commonly experienced by our clinic population, with a third of
women and afifth of MSM reporting it, with situational contexts often involving alcohol and/
or drugs in women, and geosocial networking applications in MSM. Sex work was a clear risk
factor identified among women, and risk factors for MSM included anxiety and depression.
Knowledge of these risk factors can enable services to ask about stealthing in target groups and
offer specific supportand counselling. Further community-based research would help deter-
mine the prevalence in the broader population and studies that link behavioural measures to
biological outcomes would help to quantify the STI risk associated with this practice.
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E2. Patient Questionnaire on ‘stealthing’

Extra Questions on Stealthing — Female Version

Slide 1. Introduction

We would like your help with some voluntary short questions (about 1 minute) to help us understand the
rates of non-consensual condom removal during sex, the circumstances in which this is occurring, and the
consequences of this action. If you do not want to answer the questions it will not influence your care with us

today.

Your answers to this questionnaire will only be used for research. They will not appear in your medical
record and will not be visible to the doctor or nurse you see today. Researchers will not be able to identify

you by your answers to the questionnaire.

For more information please see the brochure: “Extra Questions”. If you find this questionnaire distressing,

please talk to staff for support or for referral to available services.

' Yes — willing to help
IlINo — prefer to stop

Slide 2.

a) What is your highest level of education?
Primary School
Year 11 or below
Year 12
Certificate 11 / IV
Advanced Diploma / Diploma
Bachelor Degree
Graduate Diploma / Graduate Certificate

Postgraduate Degree

These questions are about sex that you agreed to:
b) Has a male partner ever removed a condom while having sex with you?
Yes
No
Decline answer
Not applicable (no male partners, never use condom s)

c) Has a condom ever been removed without your consent?

312



d)

Yes

No

Decline answer

Not applicable (no male partners, never use condom s)
When did this occur (you may select more than one answer):
I am here today for this reason

In the last 3 months

In the last 12 months

More than 12 months ago

This has happened on more than one occasion

This has never happened to me

Decline answer

Not applicable (no male partners, never use condoms)

Slide 3
a)

b)

c)

d)

Was your partner a:

Casual hook-up or sex off dating app

Casual sexual partner

Regular sexual partner

In a relationship with you

Decline answer

Had you used any alcohol or drugs when your partner did this?
No

Alcohol

Recreational drugs (marijuana, ecstasy, MDMA etc.)

Injecting drug use

Decline answer

Were there any consequences from this incident (you may select more than one answer)?
No

Emotional distress

Caught an STI

Unwanted pregnancy

Other-

Decline answer

Did you raise or discuss this with your partner at the time?
Yes
No
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Decline answer

e) Did you bring this issue to the police or authorities?
Yes
No

Decline answer

f) Do you consider non-consensual condom removal to be sexual assault?
Yes
No
Not sure

Decline answer

Slide 4

Thank you for completing this questionnaire.

If this questionnaire caused you any distress, please discuss it with our staff members, who can arrange
counselling or refer you to appropriate services.

e Sexual Assault Crisis Line (Victoria) 1800 806 292

e 1800 RESPECT (Australia) 1800 737 732

Extra Questions on Stealthing — MSM Version

Slide 1. Introduction

We would like your help with some voluntary short questions (about 1 minute) to help us understand the
rates of non-consensual condom removal during sex, the circumstances in which this is occurring, and the
consequences of this action. If you do not want to answer the questions it will not influence your care with us

today.

Your answers to this questionnaire will only be used for research. They will not appear in your medical
record and will not be visible to the doctor or nurse you see today. Researchers will not be able to identify

you by your answers to the questionnaire.

For more information please see the brochure: “Extra Questions”. If you find this questionnaire distressing,

please talk to staff for support or for referral to available services.

1 Yes — willing to help
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_ILINo — prefer to stop

Slide 2.
a)

What is your highest level of education?
Primary School

Year 11 or below

Year 12

Certificate 111 / IV

Advanced Diploma / Diploma

Bachelor Degree

Graduate Diploma / Graduate Certificate
Postgraduate Degree

These questions are about sex that you agreed to:

b)

d)

Has a male partner ever removed a condom while having sex with you?
Yes

No

Decline answer

Not applicable (no male partners, never use condom s)

Has a condom ever been removed without your consent?
Yes

No

Decline answer

Not applicable (no male partners, never use condom s)
When did this occur (you may select more than one answer):
I am here today for this reason

In the last 3 months

In the last 12 months

More than 12 months ago

This has happened on more than one occasion

This has never happened to me

Decline answer

Not applicable (no male partners, never use condoms)

Slide 3
a)

Was your partner a:

Casual hook-up of sex off a dating app
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b)

d)

Casual sexual partner

Regular sexual partner

In a relationship with you

Decline answer

Had you used any alcohol or drugs when your partner did this?
No

Alcohol

Recreational drugs (marijuana, ecstasy, MDMA etc.)

Injecting drug use

Both (alcohol and drugs)

Decline answer

Were there any consequences from this incident (you may select more than one answer)?
No

Emotional distress

Caught an STI

Other-

Decline answer

Did you raise or discuss this with your partner at the time?
Yes

No

Decline answer

Did you bring this issue to the police or authorities?

Yes

No

Decline answer

Do you consider non-consensual condom removal to be sexual assault?
Yes
No

Decline answer

Slide 4

Thank you for completing this questionnaire.

If this questionnaire caused you any distress, please discuss it with our staff members, who can arrange

counselling or refer you to appropriate services.
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o Sexual Assault Crisis Line (Victoria) 1800 806 292
e 1800 RESPECT (Australia) 1800 737 732
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