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Thesis Summary 
Introduction 
Chlamydia trachomatis (“chlamydia”) is the most commonly reported sexually transmitted infection 
(STI) in the world.  Untreated, chlamydia is associated with serious reproductive sequelae in women 
including infertility.  Rectal chlamydia is an important public health problem in Australia with rates 
rising dramatically among men who have sex with men (MSM), increasing evidence to suggest it is 
also an issue for women, and ongoing concern about rectal chlamydia treatment failure. This PhD 
program of research aims to investigate the epidemiology of rectal chlamydia with particular focus 
on treatment. It includes the first double-blind randomised control trial to identify the most 
efficacious treatment (azithromycin vs doxycycline), a cross-sectional study to further our 
understanding about the management of rectal chlamydia infection in men who have sex with men, 
and a systematic review and meta-analysis of the factors associated with rectal chlamydia positivity 
in women. 

Chapter outline 
The objectives of this thesis were: 

1) To determine whether azithromycin or doxycycline is the most efficacious treatment for 
rectal chlamydia infection; 

2) To examine the factors associated with the resumption of sexual activity following 
treatment for rectal chlamydia among MSM; and 

3) To investigate the factors associated with rectal chlamydia in women with concurrent 
infection at other sites, and to compare these with those observed for rectal gonorrohoea. 

This thesis is comprised of three major components: 1) the protocol, statistical analysis plan, and 
results of a double-blind randomised controlled trial (RCT) comparing the efficacy of 1g azithromycin 
with 7-day 100mg doxycycline (twice a day) for the treatment of rectal chlamydia; 2) a cross-
sectional study examining factors associated with resuming sexual activity following treatment for 
rectal chlamydia among MSM; and, 3) a systematic review and meta-analysis on the factors 
associated with rectal chlamydia positivity in women. 

Chapter 1 is a comprehensive literature review on what we know about the chlamydia and in 
particular, rectal chlamydia. The review discusses the factors for rectal chlamydia, its management, 
and the treatment concerns to provide context and rationale for this thesis.  The literature review 
demonstrates that rectal Chlamydia trachomatis infection remains an important public health 
concern with increasing prevalence in both men and women and ongoing uncertainty in the efficacy 
differences for the treatments used.  Several gaps remain in the epidemiology and control of rectal 
chlamydia including: 1) uncertainty about the most efficacious treatment for rectal chlamydia - 
azithromycin 1g single dose versus 7-day of doxycycline 100mg (twice a day); 2) the risk of onward 
transmission or reinfection following treatment among men who have sex with men, and the risk of 
selection pressure and resistance with continued use of azithromycin; 3) the factors associated with 
rectal chlamydia among women, in particular with concomitant infection at other sites. 

Chapters 2 to 4 presents the protocol, statistical analysis plan, and results of the RCT to compare 
the efficacy of 1g azithromycin to 100mg doxycycline twice daily for seven days for the treatment 
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of rectal chlamydia – the first such trial in the world.  The trial observed a microbiologic cure of 
281/290 (96.9%; 95CI% 94.9, 98.9) for doxycycline and 227/297 (76.4%; 95%CI 73.8, 79.1) for 
azithromycin, with an adjusted risk difference of 19.9% (95%CI 14.6, 25.3; p<0.001) in favour of 
doxycycline. 

The trial found that the treatment efficacy of 1g azithromycin was even lower than predicted by 
previous meta-analysis (82.9%; 95%CI 76.0, 89.8%) and confirm that the efficacy this regimen to be 
far below the World Health Organization efficacy threshold of 95% for STI treatments. The trial 
provided unequivocal evidence that 1g azithromycin should be removed from international STI 
management guidelines. 

Chapter 5 is a cross-sectional study that utilised data from the RCT to investigate factors 
associated with resuming sexual activity following treatment for rectal chlamydia as a marker for 
risk of reinfection. This chapter also highlights the possibility of selective pressure of antimicrobial 
resistance for STIs such as Neisseria gonorrhoeae (NG) or Mycoplasma genitalium through the 
continued use of azithromycin for the treatment of rectal chlamydia. 

The study found that 9.5% of men resumed condomless receptive anal intercourse within a week 
of commencing treatment for rectal chlamydia and that this was independently associated with  
PrEP use (aRR=3.4; 95%CI 2.5, 4.8) or a man living with HIV (aRR=3.2; 95%CI 1.0, 9.9), relative to an 
HIV-negative man who did not use PrEP, and reporting 9 or more partners in the last three months 
(aRR=2.9; 95%CI 1.6, 5.0), relative to reporting 3 or fewer.  In addition, 40% of men resumed 
condomless anal sex within 3 weeks. 

The study also found that 75% of men resumed any sexual activity within 3 weeks of commencing 
treatment for rectal chlamydia and that this was associated with reporting 4-8 (aRR=1.2; 95%CI 
1.1, 1.5) or 9 or more sexual partners in the last three months (aRR=1.5; 95%CI 1.3, 1.7), relative to 
reporting 3 or fewer. 

This study illustrates the risk of induced antimicrobial resistance if azithromycin is continued to be 
used for rectal chlamydia in populations where reinfection is common and suggests that new health 
promotion messages may be required in some subgroups. 

Chapter 6 presents the findings of a systematic review and meta-analysis investigating the factors 
associated with anorectal chlamydia positivity in women. 

The review was novel in that it both: 1) quantified the relationship between anorectal chlamydia 
with concurrent chlamydia infection at the urogenital or oropharyngeal sites; and 2) compared to 
the same for anorectal gonorrhoea infection within the same study populations for a more 
comprehensive understanding. 

The review found that among the 25 studies eligible for inclusion, anorectal chlamydia positivity 
(summary estimate=8.0%; 95%CI 7.0, 9.1, I2=88.5%) was higher than anorectal gonorrhoea positivity 
(summary estimate=2.1%; 95%CI 1.6, 2.8, I2=92.7%).  It found that urogenital chlamydia was strongly 
associated with rectal chlamydia (summary prevalence ratio [PR]=32.2; 95%CI 25.6, 40.7, I2=70.3%), 
but urogenital gonorrhoea was even more strongly associated with anorectal gonorrhoea (PR=89.3; 
95%CI 53.1, 150.3, I2=80.1%). Similarly, the association between oropharyngeal and anorectal 
positivity was also stronger for gonorrhoea than chlamydia (PR=34.8; 95%CI 10.2, 118.2, I2=89.9% 
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vs PR=8.8; 95%CI 6.8, 11.5, I2=58.1%).  Finally, anal intercourse was associated with anorectal 
gonorrhoea (PR=4.3, 95%CI 2.2, 8.6, I2=0.0%) but not anorectal chlamydia (PR=1.0; 95%CI 0.7, 1.4; 
I2=0.0%). 

 

Conclusions 
This thesis found that azithromycin 1g was inferior to 7-day doxycycline in the treatment of 
anorectal chlamydia in men who have sex with men, providing unequivocal evidence that 
doxycycline must replace azithromycin as first line treatment for rectal chlamydia. It is essential that 
while azithromycin is still in use, there must be stronger health promotion messages following 
treatment encouraging condom use to minimize exposure to sub-inhibitory levels of the drug. 
Continued use of azithromycin 1g may contribute to selection pressure for antimicrobial resistance 
in other STIs that are highly prevalent in those diagnosed with rectal chlamydia.  Finally, this thesis 
found that re-testing following treatment with azithromycin in women diagnosed with urogenital 
chlamydia is very important because of its strong association with concurrent rectal chlamydia and 
its potential to autoinoculate a subsequent urogenital infection if not effectively cured. 
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Chapter 1 - Literature review 
This literature review provides the context for the research presented within this thesis.  It discusses the 
organism, Chlamydia trachomatis, its biology, epidemiology, morbidity, diagnosis, and management 
including treatment with a particular focus on rectal chlamydia. 

1.1 Chlamydia trachomatis  
Chlamydia trachomatis (“chlamydia”) is a gram-negative, aerobic bacteria with a characteristic bi-morphic 
developmental cycle that is dependent on entry into host epithelial cells.  It is exclusively a human 
pathogen with no known animal reservoirs and is the aetiological agent of numerous diseases depending 
on the site of infection.  Most infections of the oropharynx, urogenitals, or anorectum through sexual 
transmission are known simply as “chlamydia” (the exception being a particularly invasive form known as 
Lymphogranuloma venereum or LGV). 

 

1.1.1 The chlamydial lifecycle 
Chlamydial species have a unique bi-morphic developmental cycle which involves entry into host epithelial 
cells. It has a life cycle that may take 48 to 72 hours and that can be divided into extra- or intracellular 
stages and forms. 

In the first extracellular stage, chlamydiae are in a non-replicating but infectious form known as 
elementary bodies (EBs). These EBs are round, 0.25-0.3 µm in diameter, and highly resistant to osmotic 
and physical stress [1].  The EB cell surface has 13-30 hollow needle-like appendages arranged in a 
hexagonal array that both modulate entry into the host cell as well as facilitate interaction between the 
EB and host cell cytoplasm after invasion [2, 3].  Within the EB contains RNA polymerase for the 
transcription of DNA, as well as ribosomes and ribosomal subunits [1].  Historically described as 
metabolically dormant and “spore-like”, recent studies have shown that EBs exhibit host-free metabolism 
and transcriptional activity, suggesting that they may not be as inert as dogmatically thought [4-6]. 

Following attachment to the host epithelial cell wall and entry via endocytosis, the EB enters the second, 
intracellular stage within a membrane-bound, non-dividing, and expanding vesicle termed an “inclusion”.  
Multiple inclusions can occupy a single cell and although chlamydial infection does not affect host cell 
DNA synthesis, expression of chlamydial proteins from within the inclusion inhibits host cell cytokinesis 
and mitosis [7].  One to two hours after entry, EBs begin primary differentiation from within the inclusion 
into the more metabolically active but now non-infectious reticulate bodies (RBs).  In this form, RBs utilise 
host cell nutrients from within the inclusions and grow to approximately 0.5 to 1.0 µm, quadrupling in size 
over 12-18 hours and replicating via binary fission.  The RBs will then asynchronously differentiate back 
into EBs. A single EB can yield over 1000 new infectious units within the host cell - equivalent to 8-12 
cycles of fission [8].  EBs are then released into the extracellular space by either extrusion (i.e. budding off 
of the inclusion) or by lysis of the inclusion and host cell membranes if in the later stages of infection [9].  
The newly released EBs are then free to invade surrounding epithelial cells and continue the chlamydial 
lifecycle. 
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1.1.2 Genotypes 
C. trachomatis consists of up to 19 variants that are characterised by host antigens against the major outer 
membrane protein (MOMP). More recently, serotyping been replaced by genotyping with DNA analysis 
of the MOMP-encoding gene, ompA [10].  These are described as genovars: A to K, Ba, Da, Ia, Ja, L1, L2, 
L2a, and L3. 

Genovars A-C are responsible for eye trachoma endemic in developing counties.  Repeat infection can 
lead to corneal scarring and blindness. It is spread by fomites such as shared washing water or towels and 
mucus-seeking flies [11]. 

Genovars D-K are transmitted via sexual contact and are associated with urogenital, anorectal and, less 
commonly, oropharyngeal infection in adults.  During vaginal childbirth, cervical infection can be 
transmitted to the infant where it can cause chlamydia-associated pneumonia and conjunctivitis [12].   
Untreated urogenital infection of chlamydia is also a common cause of reactive arthritis [13, 14]. 

Genovars L1-L3 are also spread through sexual contact and are responsible for a particularly aggressive 
sexually transmitted infection (STI) that invades the lymphatic tissue, causing symptomatic disease such 
as proctitis, rectal bleeding, or tenesmus.  This form of chlamydia is known as Lymphogranuloma 
venereum (LGV) and typically requires a longer treatment regimen than non-invasive chlamydia. People 
with LGV are commonly co-infected with HIV, with those with LGV being 8-fold more likely to be also be 
HIV-positive [15-17]. Despite a strong correlation between HIV positivity and LGV, the incidence of LGV 
among HIV-negative men has also increased in recent years [18]. 

The preferred site of infection may indicate the speed of proliferation with in vitro study showing LGV 
strains to be the fastest growing, followed then by genital and ocular strains [19].  Genovars may also be 
grouped into three complexes according to similarities in the variable domains of the MOMP gene [20].  
These groups are: Group B (B, Ba, D, Da, E, L1, and L2), the Intermediate Group (F and G), and Group C (A, 
C, H, I to K, and L3) [21]. 

The distribution of sexually transmitted chlamydia genotypes fluctuate greatly over time and populations, 
and are linked to sexual networks rather than tissue tropism [22].  However, broad observations can be 
made. The genovars among heterosexual populations are predominantly D, E, and F [23, 24] whereas 
serovars D, G, and J are the most commonly identified in MSM populations [25, 26].  Bax et al. had also 
found differences in the dominant rectal serovars between MSM and women [27]. Although this study is 
limited by small sample size, serovars G (40%) and E (28%) were the most prevalent rectal serovars among 
25 rectal specimens from MSM, while serovars D (27.7%) and E (21.3%) were most prevalent among 47 
rectal samples from women. 

 

1.1.3 Epidemiology 
Worldwide, chlamydia is the most commonly reported bacterial STI with an estimated 127 million incident 
cases in 2016 [28] and an estimated worldwide prevalence of  3.8% (95%CI 3.3, 4.5) among women and 
2.7% (95%CI 1.9, 3.7) among men [28]. 

Since 2001, notification rates in the UK [29, 30], US [31], Canada [32, 33],  Australia [34], and Scandinavia 
[35] have risen, likely as a result of increased testing [36] (Figure 1).  
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Figure 1: International chlamydia notification rates, per 100 000 population 

Chlamydia notification rates in Australia have tended to be higher in women than men, although in recent 
years, rates among men have increased to become similar (Figure 2). As chlamydia is largely 
asymptomatic, notification data also likely underestimates the true prevalence within populations. 

 

 

Figure 2: Australian chlamydia notification rates per 100 000 by sex 

In Australia, chlamydia is over-represented in young people with over 80% of chlamydia diagnoses in those 
aged 29 years and under [37]. 
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Notification data show that younger women in Australia are disproportionately affected, with those aged 
20-24 having the highest notification rates at approximately 2250 cases per 100 000 (Figure 3).  The 
notification rates for women aged 15-19 also increased from 1596 to 2300 cases per 100,00 from 2008 
and 2011 but have since fallen. 

 

Figure 3: Australian chlamydia notification rates per 100 000 by age group, females 

 

Australian men have been increasingly contributing to national notification rates with increases in all age 
groups [34] (Figure 4, next page).  Similar to women, younger men represent the largest proportions of 
chlamydia cases with the highest recorded notification rates in men aged 20-24 (1624 cases per 100 000) 
and 25-29 (1297 cases per 100 000) in 2017 and 2018, respectively (Figure 4).  Although notification data 
do not stratify by sexual orientation, it is likely that increased testing among MSM on PrEP may have 
impacted incidence trends.  The MSM population is highly engaged with sexual health services with almost 
80% of HIV-negative men in Melbourne and Sydney reporting a STI test within the previous year [38, 39].  
This may also explain the noticeable acceleration in notification rates from 2015 that coincides with the 
Australian rollout of HIV PrEP and the associated uptake in screening [40, 41]. 
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Figure 4: Australian chlamydia notification rates per 100 00 by age group, males 

 

It should also be acknowledged that notification rates are greatly influenced by testing rate and although 
the number of Medicare-rebated chlamydia tests have increased for both sexes, chlamydia testing rates 
are much higher and with a lower positivity rate among women when compared to men [42]. 

 

1.1.3.1 Prevalence of rectal chlamydia 
Most information about the burden of rectal chlamydia within populations comes from studies in high-
risk populations.  There are scant if any population-based rectal chlamydia prevalence data available. A 
literature review of rectal chlamydia prevalence was published in 2016 and estimated median prevalence 
to be 8.9% (range 2.1% to 23%) for MSM and 8.7% (2.0% to 77.3%) for women [43]. However, most of the 
published studies included in this review were set in high-risk populations and are unlikely to reflect the 
true prevalence of rectal chlamydia in the wider population. 

In Australia, rectal chlamydia prevalence estimates for MSM also come from high-risk settings with a 
systematic review reporting a summary estimate of 5.6% (range 4-16%) - much higher in comparison with 
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estimate for the prevalence of rectal chlamydia is consistent with Australian laboratory testing data from 
2008-2010, which found 5.2% rectal chlamydia positivity among males aged 16-29 with the highest 
positivity (6.3%) among those aged 30-39 [45]. 
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[46].    A study from Canberra reported a much higher prevalence (57%, 32/56), although this statistic was 
very highly susceptible to selection bias by recruiting high-risk women who presented with symptoms or 
were diagnosed with urogenital chlamydia [47]. 

 

 1.1.4 Clinical features associated with chlamydial infection 
Over 80% of chlamydia infections are asymptomatic in men and women and although about 50% of 
untreated urogenital infections will naturally clear within 12 months without treatment (see Ch 1.5.5), 
serious reproductive sequalae can still result following asymptomatic infections [48-50]. The clinical 
features of chlamydial urogenital or rectal infection are described below. 

 

1.1.4.1 Urogenital chlamydia in women 
Among women, chlamydia initially infects the cervix and may cause cervicitis, which is characterized by 
inflammation, mucopurulent discharge, cervical bleeding, pain during sex, and dysuria.  Untreated cervical 
infection that ascends the upper reproductive tract and causes inflammation is known as pelvic 
inflammatory disease (PID). Inflammation from PID causes loss of ciliated epithelial cells in the fallopian 
tube and this scarring interferes with transport of the ovum to the endometrium, potentially leading to 
tubal factor infertility or ectopic pregnancy [51].  

The proportion of PID attributable to chlamydia in high income countries varies but is estimated to range 
between 15 to 40% [52]. Among women attending sexual health clinics in Australia, the estimated 
proportion of PID attributable to a current chlamydia infection is 14% [53]. 

The risk of PID also increases with the first and each subsequent chlamydia reinfection [54].  A large data 
linkage study in Australia found that the risk of hospital admission for PID was 1.8-fold higher for women 
reporting a history of chlamydia diagnoses when compared to having no history of chlamydia or 
gonorrhoea at all [55], corroborating results from similar European studies [56, 57].  

Chlamydia infections are also a risk factor for pre-term birth [58].  During and after birth, chlamydia has 
also been implicated in outcomes such as stillbirth, low birth weight, and postpartum endometritis, 
although the biological mechanism is unknown, and the certainty of the evidence remains low [59]. 

 

1.1.4.2 Urogenital chlamydia in men 
About 80% of urogenital infections among men are asymptomatic [60, 61]. However, chlamydial infection 
in men has been associated in urethritis, prostatitis, epididymitis or epididymo-orchitis, and is also 
suspected to impact on sperm quality [62, 63].  Chlamydial MOMP has been found in 45.3% (43/95) of 
testicular biopsies of clinically infertile men, all of whom denied symptoms or previous chlamydia 
diagnosis or treatment, with actively replicating chlamydia at the time of biopsy being found in all (100%, 
11/11) samples examined [64].  Under electron microscopy, chlamydial EBs  have also been found to have 
adhered to or entered the head, mid-tail, or tail of spermatozoa from infertile men, while being in various 
states of replication [65].  While the impact of chlamydia infection on male fertility remains under 
discussion [66], chlamydia-suspected infertility has been shown to resolve through antibiotic treatment 
[67]. 
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1.1.4.3 Rectal chlamydia infection 
Similar to urogenital infection,  the large majority of rectal chlamydia infections are asymptomatic - up to 
85% among MSM [68, 69] and up to 100% in women [70, 71].  The exact mechanisms of why rectal 
chlamydia infections are so often asymptomatic is not well understood. One possible reason for the 
reduced clinical presentation in the rectum may be reduced cytokine expression and inflammation 
through the induction of the immunosuppressive enzyme indoleamine 2,3-dioxygenase following rectal 
infection of C. trachomatis [72, 73]. 

A particularly invasive and symptomatic form of chlamydia, called Lymphogranuloma venereum (LGV), is 
associated with concurrent HIV infection and symptoms may include enlarged lymph nodes, anorectal 
ulcers, rectal strictures, genital elephantiasis, or proctitis [16, 74]. 

Historically, infection with chlamydia was thought to increase susceptibility to HIV infection.  Among MSM, 
modelling suggests that 15.2% of new HIV infections were attributable to chlamydia infection [75]. In a 
retrospective cohort study, repeat rectal infections have also been associated with an 8-fold (HR=8.85, 
95%CI 2.6, 30.4) increased risk of HIV seroconversion, potentially due to the increase in local CD4 T cells 
that are targeted by HIV, or extensive epithelial cell wall erosion as a result of infection [76].  However, in 
all observational studies, confounding is an issue and the association with HIV transmission remains 
uncertain. 

Among women, the clinical importance of rectal chlamydia is unclear but may be of considerable concern 
if it can act as a reservoir for repeat cervical infection due to cross contamination (autoinoculation), 
thereby increasing the risk of developing upper genital tract infection and contributing to fallopian tubal 
damage [77, 78]. The possibility of rectal infection acting as a reservoir for urogenital infection was first 
hypothesised with gonorrhoea in 1948 by Nicols [79] and while autoinoculation from the rectum to the 
vagina is yet to be clinically demonstrated for chlamydia,  probiotic Lactobacillus sp. have been shown to 
survive passage the gastrointestinal (GI) tract following oral intake and subsequently colonise the vagina 
[80].  

A small U.S. study from 2019 aimed to explore the possibility of rectal to vaginal autoinoculation following 
rectal treatment failure but was unable to make any conclusions due to high reports condomless vaginal 
sex and 100% clearance of rectal infection [81]. A Dutch study published the same year investigated the 
microbial load among women with concurrent infection and found no correlation between urogenital and 
rectal chlamydia loads [82]. 

While the clinical importance of rectal chlamydia among women remains unclear, the possibility that 
undertreated rectal infection could pose a risk to the reproductive health cannot be ruled out. 

 

1.2 Factors associated with rectal chlamydia 
There are important differences in the factors associated with rectal chlamydia between each population 
and will be discussed below. 
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1.2.1 Men who have sex with men  
1.2.1.1 Condomless anal sex 
There are many practices that increase the risk of rectal chlamydia among MSM but condomless anal sex 
and an increasing number of sexual partners are the two key factors [83-86].  Condomless receptive anal 
sex is associated with a 2 to 3-fold-increase in odds of rectal chlamydia [84, 87]. 

A review found that condomless anal sex among MSM in high-income countries has been steadily 
increasing since the 1990’s [88] which may be contributing to the increasing rectal chlamydia diagnosis 
rates.  Australian condom use data are available from the Gay Periodic Surveys which are conducted every 
year [89].  In the two largest Australian cities, the proportion of MSM who report condomless anal 
intercourse with casual partners has increased considerably from under 40% in 2015 to over 60% in 2019 
[38, 39] (Figure 5).   Similar increases of condomless anal sex have been observed overseas where in the 
U.S., reports of condomless anal sex have increased regardless of serostatus or antiretroviral therapy [90], 
as well as in the U.K. [91-93], the Netherlands [94], and Denmark [95]. 

 

 

Figure 5: Proportion of men who have sex with men reporting condomless anal sex with casual partners in Australia. Vertical dash 
indicates 2016 when PrEP trials started in Australia. NB: Queensland data collected from Brisbane, Gold Coast, and Cairns. 
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Biomedical interventions such as pre-exposure prophylaxis (PrEP) have been highly successful in 
minimising HIV transmission but have been associated with an increased incidence of STIs including rectal 
chlamydia, potentially due to reduced condom use. A recent systematic review and meta-analysis has 
shown that significant increases in rectal chlamydia are associated with PrEP [40].  Rectal chlamydia has 
also been found to be the highest incident STI among those starting PrEP at 29.9 cases per 100 person-
years [96]. 

The effect of HIV PrEP on risk compensatory behaviour is not conclusive and reviews of the literature have 
shown inconsistencies across study populations [40, 97]. In U.S. cohort studies, the uptake of PrEP was 
significantly associated with increased high-risk sexual behaviour such as high partner numbers [98] and 
increased rates of condomless anal sex [99, 100].  However, the data from US PrEP trials have found little 
evidence of reduced condom use among MSM using PrEP [101-103]. A further trial specifically designed 
to assess sexual behaviour change follow PrEP initiation in fact reported a decrease in both mean number 
of partners and the proportion reporting condomless anal sex [104].  However, several of these trials were 
based in very high-risk MSM who already had high rates of condomless anal sex with casual partners [105], 
making it more difficult to detect the difference of condom use between the arms of the trial. 

Risk compensatory behaviour has been reported in Australia where a prospective cohort study found 
uptake of PrEP to be associated with increases in both partner number and condomless anal sex [106].  
Community data in Australian MSM population also shows a rapid increase in PrEP uptake accompanied 
by equally rapid decrease in consistent condom use [107]. Among this population, the proportion 
reporting condomless anal intercourse with casual partners increased considerably from 2016 when PrEP 
trials first began [89] with HIV-negative men on PrEP  increasingly reporting not always using condoms 
[38, 39].  

A systematic review and meta-analysis reported that while most studies reported an increase in 
condomless sex following PrEP uptake, there were no significant increase in the proportion of men 
reporting condomless sex, suggesting that risk compensation was most prominent among MSM that were 
already at-risk of HIV [40].  In Australia, STI incidence among men on PrEP has been shown to be highly 
concentrated within a subset of participants who experienced high rates of infection [85].  Here, men on 
PrEP are required to screen every 3 months and modelling has suggested that PrEP-related screening will 
result in a 16% absolute decrease in rectal STIs, even when risk compensation is considered [108].  
Although this model assumed 40% coverage of men on PrEP (higher than the ~30% in Australia’s largest 
capital cities [38, 39]), this highlights the importance of ongoing screening as part of STI management. 

 

1.2.1.2 Use of doxycycline prophylaxis 
Doxycycline prophylaxis may reduce the incidence of rectal chlamydia among high-risk MSM and several 
investigations are underway [109] both as a daily 100 mg dose pre-exposure prophylaxis [110] or a single 
200mg dose 24 hours post-exposure [111], with evidence suggesting that this usage may already be in 
practice. In the U.K., 6 out of 106 MSM taking HIV PrEP also reported taking doxycycline to prevent STIs 
[112]. In the open-label ANRS IPERGAY doxycycline post-exposure prophylaxis (PEP) study, 25% of men 
assigned to no PEP had doxycycline detected in at least one plasma sample [111]. 
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In reducing rectal chlamydia, the ANRS IPERGAY trial found that the use of 200mg doxycycline PEP within 
24 hours following condomless anal sex may result in a 47% relative reduction in acquiring a new bacterial 
STI (including chlamydia, gonorrhoea, and syphilis) and a 70% risk reduction (95%CI 30 to 87%) for 
chlamydia itself [111] among high-risk men using HIV PrEP.  Although the regimen of a single 200mg dose 
following exposure event is unlikely to reduce the L-genovar (which was found among 50% [5/10] of 
successfully typed chlamydia specimens), doxycycline PEP may serve as a companion strategy alongside 
HIV PrEP to reduce the STI prevalence among the MSM most at risk. Research coming from the U.S. has 
found that 84% of users on gay social networking apps expressed interest in using doxycycline PEP and 
that this interest did not differ between men of HIV status or PrEP use [113]. 

It should be noted, however, that while a single oral dose of doxycycline 200mg has been shown to be 
efficacious as bacterial STI PEP [111], the efficacy is unknown if the dosage is split as 100mg twice in a day 
as is the case when treating rectal chlamydia infection. 

Furthermore, while doxycycline as prophylaxis is promising, there are some concerns. The long-term 
effects of doxycycline prophylaxis on the microbiome are unknown and wide-spread use may also select 
for resistance in other infective organisms including Neisseria gonorrhoeae [114, 115] and Staphylococcus 
aureus [116].  Although doxycycline resistance has not been seen in human C. trachomatis, it remains a 
theoretical possibility with the porcine C. suis showing high resistance to doxycycline, and with horizontal 
transfer to human strains shown possible in vitro [117]. 

 

1.2.1.3 Other factors associated with rectal chlamydia among MSM 
Several other factors have been found to be associated with an increased risk of rectal chlamydia in MSM.  
These are outlined below: 

Demographic factors: Studies have shown that rectal chlamydia in MSM is associated with young age,   
being single or in a non-exclusive relationship, preferred receptive positioning, and ethnicity [118]. 

Rectal douching: It is common among MSM to perform rectal douching both before or after sex for 
hygiene and/or enhanced sexual pleasure [119, 120].  However, douching has also been thought to 
increase the risk of infection by potentially washing away protective mucus from the rectal lining, or 
through pre-damage of the epithelial wall during insertion of the douching tool [121, 122].  A 2019 review 
found that MSM who practiced rectal douching were at 2.8-fold odds of HIV and 3.3-fold odds of 
chlamydia or gonorrhoea, compared to those who did not douche [123].  Although this review did not 
differentiate by anatomical site of infection,  anal enema use has been also associated with LGV proctitis 
[124].  

In contrast, no association was found in a study of 994 MSM among whom 46% (n=460) practiced rectal 
douching. [120].  It was reported that while a trend was seen among those sharing douching equipment, 
it was not significant and neither sharing douching equipment nor rectal douching was associated with 
anorectal infection after adjustment for other risk behaviours.  The study authors concluded that while 
no association as found, assessment of sexual practices and the promotion of prevention strategies 
remained important as STI prevalence among MSM practicing douching remained high. 

Direct oro-rectal exposure (rimming): Rimming has also been considered as potential factor for rectal 
chlamydia and saliva use as a lubricant has been reported as a risk factor for rectal gonorrhoea [125].  Rice 
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et al. reported that rimming was associated with gonorrhoea, chlamydia, or syphilis but did not 
differentiate the risk by anatomical site [126].  Jin et al. reported that receptive rimming exhibited a dose-
response association with rectal chlamydia after adjustment for partner number and other sexual risk 
behaviour [86]. While untreated oropharyngeal chlamydia can remain for weeks [127] and oro-urethral 
transmission has been shown to occur [128], the prevalence of chlamydia in the throat MSM is quite low 
(median: 1.7%) [43] and the proportion of rectal chlamydia attributable to rimming remains unclear. 

Lubricant use: The association between rectal chlamydia and lubricant use is also unclear.  The use of 
hyperosmolar lubricants has been shown to cause degradation to the rectal epithelial cell wall [129].  In 
addition, lubricants both with or without the spermicide nonoxynol-9 has been found to exfoliate the 
rectal epithelial surface and is speculated to facilitate STI transmission [130, 131]. A cross-sectional study 
found that consistent lubricant use during anal sex was also associated with prevalent rectal STIs or 
syphilis (aOR=3.0, 95%CI 1.1, 8.2) when compared to inconsistent users, but due to the nature of the data, 
causation cannot be assumed [132].  This study also found that prevalent rectal STIs were higher among 
those who used only water-based lubricants compared to other types (6.1% vs 2.7%, p=0.05), or only 
silicone-based lubricants compared to other types (9.2% vs 3.3%, p=0.02) [132]. 

Illicit drug use: Another recognised behavior that is associated with an increased risk of rectal STIs is the 
use of drugs, such as methamphetamines or γ-hydroxybutyric acid (“GHB”), in order to enhance the sexual 
experience – a practice known as “chemsex”.  In a retrospective case note review of 1708 MSM attending 
two London sexual health centres, those engaging in chemsex were at over 5-times higher odds of being 
newly diagnosed with an HIV infection and over 4-times the odds (aOR=4.5, 95%CI 3.4, 6.1) of rectal STIs, 
compared to men who do not engage in chemsex [133]. In Australia, methamphetamine use has also been 
found to be highly associated with anorectal infection among high-risk MSM enrolled in a HIV prophylaxis 
trial [105]. 

 

1.2.2 Women 
Rectal chlamydia in women has generated considerable discussion in recent literature with several 
systematic reviews investigating rectal chlamydia in women and its association with anal sex [43, 134-
136]. 

Similar to urogenital infection, rectal chlamydia in women is mostly asymptomatic (range: 87.5-100%) [70, 
71] and its clinical importance remains unclear. The following sections discusses rectal chlamydia in 
women and possible factors associated with detection. 

1.2.2.1 Heterosexual anal intercourse 
Heterosexual anal intercourse would be the most intuitive transmission pathway for rectal chlamydia. 
Anal sex in an emerging norm in social media, popular culture, and pornography [137] and the use of 
condoms during anal sex are significantly less common when compared to vaginal sex [138].  Modelling 
has predicted the median transmission probability of rectal chlamydia during heterosexual anal sex to be 
more than double the transmission probability for vaginal sex per act (5.8% vs 2.0%) [139]. 

Among 4616 Australian women attending a specialist sexual health clinic, 870 (18.8%) had reported anal 
intercourse [46].  This proportion is similar to those observed in general population-based studies in 
Australia with the proportion of women reporting lifetime experience of anal intercourse increasing from 
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15% to 20% between 2002 to 2013, although, in another study only 0.4% report anal sex at their most 
recent sexual encounter [140, 141].  This may suggest that while anal sex is increasingly part of the sexual 
repertoire, it may be less frequently practiced in the Australian community population. 

Reports of anal sex in the U.S. have risen dramatically. A CDC analysis of 12279 women aged 15-44 found 
that 13.2% of women reported anal intercourse in the past 12 months, with 36.3% reporting lifetime 
experience [138].  Other studies in North America have typically reported a range of 13% to 30% of women 
reporting anal sex within the previous 12 months [71, 142-146]. 

While heterosexual anal intercourse is increasingly normalised, its association with rectal chlamydia 
infection among women remains unclear. A recent systematic review of 14 studies by Chandra et al. 
reported no difference in the positivity of rectal chlamydia among women reporting anal sex compared 
to those denying it (RR=0.9, 95%CI 0.75, 1.10) [147]. Among high-risk Australian women attending a STI 
clinic, Musil et al. reported no significant difference in the proportions diagnosed with rectal chlamydia 
among women who engaged in anal sex less than 6 months ago (58%), more than 6 months ago (40%), 
those who reported no anal sex but did have anal play (73%), or those completely denying anal contact 
(64%) [47]. 

Given that up to 80% of women with rectal chlamydia deny anal intercourse as an exposure [71, 148], this 
raises the question of what other factors may be leading to rectal chlamydia positivity.  

One possibility for rectal chlamydia among women reporting no anal sex is that the practice is still 
associated with societal stigma and difficult to report, even in a sexual health setting [137, 149].  These 
aversions to disclosure have been reported among female focus groups [149] and may be spuriously 
attenuating the association between rectal positivity and anal sex. 

Another factor that may be contributing to an underreporting of rectal exposures is uncertainty about 
what constitutes “anal sex” and whether is penile insertion is required. In practice, anal sexual activities 
are various and may include oro-anal contact (either directly, i.e. “rimming” or the use of saliva as 
lubricant), digital-anal contact (“fingering”) or the use of toys such as anal plugs, beads or vibrators. 
However, this is unlikely to contribute to the incidence of rectal chlamydia infection as studies have 
repeatedly failed to find an association with non-penile anal contact and rectal infections.  One study of 
women reported high proportions of penile-anal, digital-anal, and oro-anal contact but very low 
prevalence of rectal infection [150]. Furthermore, in a large sample of 654 women, those reporting finger 
or toy use had a lower but not statistically different prevalence of anorectal chlamydia (5.1%) compared 
to women who did not report finger or toy use (9.3%) independently of penile-anal contact [151]. 

Despite the increasing normalisation of heterosexual anal sex, underreporting alone may not adequately 
explain the lack of an association between anal sex and rectal chlamydia among women denying exposure.  
Meanwhile, the contribution of non-penile anal sex practices to rectal chlamydia infection remains equally 
unclear.  Instead, other certain physiological or biomedical causes may be possible and are described in 
the following sections. 

1.2.2.2 Autoinoculation from infected cervicovaginal secretions 
Outside of anal sex, the leading hypothesis for rectal chlamydia positivity in women is the autoinoculation 
of the rectum via infected cervicovaginal secretions traversing the perineum.  While murine study has 
shown that chlamydia may travel from the urogenital tract to the rectum via internal traversal [152, 153], 
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trans-perineal autoinoculation from cervicovaginal fluids had been posited as a source for rectal infection 
with gonorrhoea as early as the 1940’s [79, 154, 155].  It was only in 1985 that it was acknowledged in the 
literature that the same may occur with chlamydia as rectal chlamydia was gaining recognition [156].  A 
study among women has also found that front-to-back wiping was associated with concomitant infection 
of human papillomavirus (HPV) in the genital and rectal sites, as well as HPV-associated cytological and 
histology abnormalities [157].  

High proportions of concurrent urogenital and rectal chlamydia infection are reported with approximately 
70% of women diagnosed with urogenital chlamydia found to have concurrent rectal positivity in studies 
from Australia, the US and Europe [27, 46, 47, 81, 147, 151, 158]. 

Modelling has suggested that autoinoculation is more likely to contribute to rectal chlamydia than sex and 
although the transmission probability of rectal chlamydia from anal sex was much higher than from 
autoinoculation (5.8% per act vs 0.7% per day), the latter contributed to 87% (IQR 81-93) of rectal 
chlamydia cases, compared with 13% (IQR 7-18) from anal sex [139]. 

Microbiological studies also provide some support for the hypothesis of autoinoculation. In an early study 
to investigate the relative distributions of rectal chlamydia genovars of MSM and women, comparison of 
rectal and cervical genovars found cervical and rectal serovars to match from 10 out of 11 (91%) women 
[159]. These results later found agreement in a retrospective analysis by Geisler et al. who reported 20 
out of 22 (also 91%) symptomatic women attending an STI clinic had a single matching genovar at both 
cervical and rectal sites, most with identical sequencing of the ompA [160].  Although concordant genovars 
may indicate some level of pathogen sharing between the anogenital sites, it is not conclusive evidence 
of autoinoculation and nor does it preclude multi-site infection from a single partner. 

The Dutch prospective cohort study FEMCURE has also provided further evidence for autoinoculation 
where they found that among 524 women with urogenital and/or rectal chlamydia infection, those with 
a higher viable genital load were also more likely to have a concurrent viable rectal infection, and that 
viable rectal chlamydia was still detected in women with no reported anal sex [161]. 

 

1.2.2.3 Contamination causing a false positive diagnosis 
Nucleic acid amplification tests (NAATs) are the most used tool in the diagnosis of rectal chlamydia and 
are highly preferred over culture.  However, while NAATs may boast superior sensitivity, it is also unable 
to differentiate between viable and non-viable DNA (see Ch 1.3.4). In contrast, while only approximately 
65% of rectal chlamydia infections among women are culturable [81, 158], specificity approaches 100%. 

Up to 14% of rectal chlamydia are falsely diagnosed when two positive NAAT results is used as the criteria 
for a true infection [162] suggesting that detection of chlamydial DNA in a rectal NAAT swab may not 
always be indicative of an active infection. Instead, contamination with chlamydial DNA of the perineal 
area may occur from infected cervicovaginal fluids contaminating the anorectal area, during sex, or even 
during sampling for testing [157]. 

In order to distinguish between contamination and true infection, higher microbial loads have been used 
as a proxy for true infection.  Similar microbial loads been found between MSM and women reporting 
anal sex, but lower among women denying anal sex [163] – the latter suggesting contamination.  However, 
the use of microbial load as a proxy for true infection is problematic, with one study of 105 women 
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reporting high variability in genital and anorectal loads and no association between anorectal loads and 
reported anal sex [82]. The study also concluded that if rectal samples with higher bacterial load was used 
to define a viable infection, then 79% of women reporting anal intercourse and 56% of women denying 
anal intercourse would have been incorrectly considered to have had a viable infection [82]. 

A final consideration is the possibility of contamination due to environmental surfaces.  Although the 
impact of cross contamination from surfaces towards chlamydia diagnoses is considered to be very low 
[164], chlamydia rRNA has been repeatedly detected on clinical surfaces and cannot be easily ruled out 
as a potential contributor to false positive results [165, 166]. 

 

1.2.2.4 Oral inoculation and gastrointestinal colonisation 
Another possible hypothesis causing rectal chlamydia in women is through oral inoculation. Oral sex is a 
common sexual practice starting at young adulthood.  In an Australian survey of high school students, 
over 47% of male and 56% of female participants reporting giving oral sex [167].  In the U.S., approximately 
two-thirds of both men (65%) and women (66%) aged 15-24 reported ever having oral sex [168]. 

The introduction of chlamydia into the upper gastrointestinal (GI) tract via ingestion following oral sex is 
thought to potentially lead to  either chlamydia colonisation in the gut [156] or remnant DNA being 
detected in the rectum [81].   If oral inoculation via oral sex can result in active colonisation of the lower 
GI tract, it has then been hypothesised that subsequent carriage to the rectum and then subsequent 
rectal-to-vaginal autoinoculation may contribute to infertility among women [78]. 

While this is yet to be demonstrated in humans, zoonotic chlamydia is known to survive passage through 
the GI tract and spread via faecal-oral transmission [77].  Further, murine models have shown that oral 
inoculation can result in culturable chlamydia being detected in the rectum [169, 170].  Intriguingly, 
chlamydia-like RNA has also been reported in the faeces of great apes [171]. 

Evidence in support for the oral inoculation hypothesis among humans is extremely limited and due to 
barriers in medical ethics, research is constrained to observational data only. An early study by Schacter 
et al. reported culturable isolates of chlamydia from the rectums of 4 of 12 neonates born to women with 
chlamydia infection, including 2 infants who were negative for rectal cultures at week 6 but later positive 
at days 72 and 79 of observation [172]. This led the authors to consider oral ingestion and gastrointestinal 
colonisation following exposure during birth as the cause for these detections [172]. 

In a small cohort of women treated for vaginal and/or rectal chlamydia, some women were found to 
record intermittent detection of rectal positivity in the days following treatment, despite denying any 
condomless anal sex and in the absence of a positive vaginal test the same day [81]. In addition to 
contamination in or around the rectal carriage and perineum, periodic shedding from the upper GI tract 
was also speculated by the authors. 

Of remarkable interest, detection of anorectal chlamydia has also been reported among two heterosexual 
men who reported cunnilingus but denied any rectal exposure - again suggesting the potential for rectal 
chlamydia positivity following possible ingestion [173]. 

A Dutch retrospective cohort study has investigated the association between preceding oropharyngeal 
infection and subsequent rectal infection, but found that any association was lost following adjustment 
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for potential confounders such as co-infections or proxies for risk behaviour [174].  The study was also 
restricted from further subgroup analysis due to insufficient sample size – a result of oropharyngeal 
screening not yet being part of standard clinical practice. While the study authors concluded that 
preceding oropharyngeal chlamydia diagnosis was unlikely to result in persistent rectal infection,  the role 
of the GI tract could still not be ruled out [174]. 

 

1.2.3 Men who have sex with women 
In contrast to MSM, men who exclusively have sex with women (MSW) are generally considered not to 
be at risk of rectal infections and testing at this site for an STI is very rare [142].  Unlike females, males 
also lack the anatomical susceptibility to autoinoculation from the genitals to the rectum described above 
in Chapter 1.2.2.2. 

However, MSW may not be entirely precluded from rectal chlamydia.  It has been recently reported of 2 
cases of anorectal chlamydia positivity among heterosexual men reporting cunnilingus but denying rectal 
exposure [173].  While being far from conclusive, these cases raise the possibility that oral ingestion of 
chlamydial organisms may result in active rectal infection and/or remnant chlamydial DNA being detected 
(see Chapters 1.2.2.3 and 1.2.2.4). In addition, denial of risk behaviour does not exclude men from rectal 
infection and misclassification of exposures [175]. 

 

1.3 Laboratory diagnosis of chlamydia 
Diagnostic tests aim to be as sensitive as possible and classify as many patients as possible who have the 
disease as cases.  Diagnostic tests also aim to be specific and correctly exclude those without the disease 
from classification as a case.  However, there is often a compromise with higher sensitivity at the cost of 
specificity or vice versa.  As a result, errors may occur with true cases incorrectly indicated as without 
infection (false negatives) or those without the disease incorrectly indicated to be infected (false 
positives). 

The sensitivities and specificities of new diagnostic tools are measured relative to the best contemporary 
method (the “gold standard”) and that true performance (the probability that a positive diagnosis is truly 
indicative of an infection, a.k.a. the positive predictive value or PPV) is a function of the prevalence of the 
sample population.  In populations of higher prevalence, the probability that a positive diagnosis has 
correctly identified a true case will increase.  In populations of lower prevalence, the probability of a 
positive diagnosis being that of a true case declines, making false positives more likely (Figure 6). 
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Figure 6: PPV of tests with a sensitivity of 90% across a range of specificities and prevalence of infection 

 

1.3.1 Culture 
The culturing of C. trachomatis involves the inoculation of a susceptible cell monolayer, typically McCoy 
or HeLa-229 cells lines from a clinical sample and allowing 48-72 hours for the development and 
proliferation of inclusions [176, 177]. 

Although highly specific, culture is no longer a recommended diagnostic test as its sensitivity (~70%) has 
been largely superseded by later techniques and is now largely restricted to in vitro study.  

Furthermore, while it initially found use with urogenital specimens, culture was not routinely performed 
on rectal swabs as it wasn’t until 1985 for the rectum to start gaining recognition as an anatomical site for 
chlamydia infection [156, 178],  by which time immuno- or DNA-based testing were in development. 

1.3.2 Immuno-assay or antigen tests 
In 1984, the use of direct fluorescent antibody (DFA) tests and enzyme-linked immunoassays (EIAs) for 
chlamydia were reported [179].  DFA test (sensitivity 78%, specificity 99%) stains EBs from epithelial cell 
scrapings whereas EIAs work on the principle of detecting antibodies or antigens present in the patient’s 
serum. Although both techniques had the advantage over culture of not requiring collection of viable 
organism alongside a high volume throughput and shorter turnaround [180], EIAs were less sensitive than 
culture [181] or NAATs [182] for rectal specimens. Furthermore, serology testing cannot easily distinguish 
between antibodies from a previous infection from those of a recent infection [183], although it may still 
find contemporary use in the investigation of spontaneous clearance [184]. 
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1.3.3 Nucleic acid hybridisation probes and amplification tests 
DNA probes have also been evaluated for the detection of chlamydia [185, 186]. Early assays targeted a 
highly conserved region on the chlamydia plasmid [185] and later targeted more abundant ribosomal RNA 
[187].  Although at least as sensitive than EIA (80-90%), they had a similar skill and technological burden 
as EIAs [186, 187].  

Polymerase chain reaction (PCR) was emerging in chlamydia diagnostics by the early 90’s [188, 189] and 
is a technique that allowed exponential duplication of a nucleotide sequence by targeting conserved 
regions on the 16S ribosomal RNA, the MOMP gene, or 7.5 kbp cryptic plasmid. Theoretically, 
amplification can be performed from as little as a single copy.  Other methods of amplification have since 
been developed (such as strand displacement amplification (SDA) or transcript-mediated amplification 
(TMA) but when applied as a method to detect pathogens, these techniques become collectively known 
as nucleic acid amplification tests or NAATs. 

Within a decade, NAATs became fully automated and the preferred diagnostic tool for chlamydia [190, 
191].  Evaluation of NAAT for rectal swabs found them to be highly superior to culture in sensitivity (up to 
95%% compared to 18-35% for culture) and comparable in specificity (~100%) [68, 162, 192-194].  Self-
collected samples, including rectal specimens, are highly accepted by patients and found to be 
comparable to those clinician-collected in the detection of chlamydia [192, 195-199].  

Currently, the commercially available NAAT Aptima Combo 2 (Hologic) has a sensitivity of up to 100% and 
specificity of up to 99.6% for detection of rectal chlamydia specimens when compared to culture [162, 
193]. 

Although NAATs were commonly in use for detection of extragenital diagnostic testing for chlamydia as 
early as 2006 [196], only two such tests have been cleared for marketing in this use in May 2019: Aptima 
Combo 2  (Hologic); and Xpert CT/NG (Cepheid) [200].  Both of these also test for the common rectal co-
infection, gonorrhoea.  Future PCR technologies continue to be developed and show very high sensitivity 
and specificity and at lower cost when compared to Aptima Combo 2 as the gold standard [201]. 

  

1.3.4 Viability assays  
While NAATs are highly sensitive, they are unable to discriminate nucleic acid originating from viable or 
non-viable bacteria, or if it was contamination from another site.  For example, Ota et al. reported that 
up to 14% of rectal chlamydia may be falsely diagnosed when the criterion of two positive NAAT results 
as indication of a “true” infection is used [162].  False positivity is further exacerbated in populations of 
low prevalence and it is possible that among women denying anal sex, a proportion of rectal diagnoses 
are a result of imperfect test specificity in addition to autoinoculation or contamination from 
cervicovaginal fluids (see Ch 1.2.2.2 and Ch 1.2.2.4). 

More recently, assessment of bacterial viability without the use of culture has focused on nucleic acids 
such as messenger RNA (mRNA) [202, 203].  In contrast to DNA, mRNA is short-lived (15-17 minutes [204]), 
and its presence is therefore indicative of metabolically active bacteria.  This technique involves the target 
mRNA sequence first being transcribed into complementary DNA which can then serve as a template for 
amplification by PCR - a process known as reverse transcriptase PCR (RT-PCR) [203]. 
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A recent study applied a modified RT-PCR method (digital PCR or “dPCR”) to a cohort study of women 
diagnosed with urogenital chlamydia and provided vaginal samples at recruitment and again 7-days post 
treatment [205].  It found a strong correlation between dPCR and conventional DNA detection at baseline 
confirming NAAT diagnoses of active infection.  This concordance was lost after treatment during which 
remnant DNA was still detected, demonstrating an effective method in determining viable chlamydia 
infection. 

A Dutch team has also developed a technique termed viability-PCR or “v-PCR”. This approach uses a 
membrane-impermeable dye, propidium monoazide (PMA), that can irreversibly inhibit amplification of 
any DNA that is free or within damaged cells [206].  Splitting clinical vaginal specimens and treating one 
aliquot with PMA before DNA amplification makes it possible to calculate the proportion (or ratio) of DNA 
originating from viable cells by comparing amplified DNA yields between the treated and untreated 
specimens.  Using this technique, Janssen et al. found that in 76% (38/50) of samples, less than 10% of 
the chlamydial DNA originated from viable (i.e. membrane-intact) cells suggesting an overestimation of 
viable infections [207]. 

Janssen et al. then used v-PCR  to assess the viability of 53 rectal chlamydia samples from women [208].   
They found that among the 87% (46/53) of those that had quantifiable load, just over half (24/46) had 
DNA detectable from intact chlamydial organisms via v-PCR with no statistical significant difference in the 
viability load between women with indication for rectal testing (reported anal sex or symptoms) or 
without [208].  Among those with v-PCR samples, half were culturable (n=12).  Taken at face value, the 
results could suggest that in this study, 49% (26/53 v-PCR positive) of rectal infections have intact 
chlamydial organisms with at least 23% (12/53 culturable) being active, live infection.  The proportion of 
quantifiable load but also v-PCR negative suggests that natural clearance may have occurred in 38% 
(20/53). The remaining 13% (7/53 no quantifiable load) could be a result of contamination. 

Although neither technique is likely to replace current NAAT for clinical diagnoses, the ability to 
differentiate between viable and non-viable pathogens will provide critical insight into the corroboration 
and evaluation of these tests in the future.  They may also be useful tests in clinical trials and for research 
purposes, with v-PCR being actively utilized in the FEMCURE study [161].  

 

1.4  The management of rectal chlamydial infection 
The management and control of rectal chlamydia infections comprises 3 main components: screening, 
treatment, and test of cure.  These will be further discussed below. 

 

1.4.1 Screening for rectal chlamydia  
As over 80% of anorectal infections are asymptomatic, screening guidelines for asymptomatic rectal 
chlamydia vary considerably between countries. For MSM who are at higher risk of rectal STIs, regular 
screening is generally recommended every three months while testing guidelines for women remain 
guided by reported sexual risk behavior or rectal symptoms (Table 1). 

Anorectal screening in women has been widely debated and studies have shown that testing on indication 
alone (e.g. anal exposure) may result in an estimated 12 to 25% of rectal infections failing to be detected 
[135, 209-213].  Universal anorectal screening has been modelled to result in an approximately 9% relative 
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reduction in any chlamydia prevalence among women [139].  However, the benefit of routine rectal 
screening in women is uncertain as the clinical importance of rectal infection remains unclear.  Further 
study is required to assess potential reproductive morbidities associated with rectal infection [214], in 
addition to concurrent infection in the urogenitals or oropharynx as potential indicators for rectal 
screening [174]. 

Table 1: Rectal chlamydia screening guidelines 

Guidelines Rectal Chlamydia screening recommendation 
 MSM Women 
Australian STI Management Guidelines 
for Use in Primary Care [215] 

3-monthly testing If reporting anal sex 
or symptoms 

Royal Australian College of General 
Practitioners Guidelines for preventative 
activities in general practice [37] 

Every 12 months, or every 3- 6 
months in higher risk men. 

If reporting 
unprotected anal sex 

STIs in Gay Men Action Group [216] 3-monthly testing Not applicable 
The U.S. [217] On indication If reporting exposure 
The U.K. [218, 219] 3-monthly testing If reporting 

symptoms 
Europe [220] If reporting symptoms or anal 

exposure in the previous 6 
months 

If reporting 
symptoms 

 

1.4.2 Treatment 
Globally, rectal chlamydia treatment guidelines most commonly recommend two antibiotic regimens: 
azithromycin 1g (500mg x2) as a single dose, or doxycycline 100mg, twice daily for 7 days as first-line 
treatment (Table 2).  The drug used for each regimen is detailed in more depth below. 

Table 2: Treatment guidelines for uncomplicated rectal chlamydia infection.  PO = per os (oral administration), stat= statim 
(immediately), OD = omne in die (once a day), BD = bis in die (twice daily), QID=quarter in die (four times a day). 

Treatment guidelines for uncomplicated rectal chlamydia  
Region, year Recommended Alternative Recommended 

test of cure 
The U.S., 
2015 [217] 

Azithromycin 1g PO stat 
OR 
Doxycycline 100mg PO 
BD for 7 days 

Erythromycin base 500mg PO QID for 7 
days 
OR 
Erythromycin ethylsuccinate 800mg QID 
for 7 days 
OR 
Levofloxacin 500mg PO OD for 7 days 
OR 
Ofloxacin 300mg PO BD a day for 7 days 

3 months after 
treatment for 
reinfection 

Australia, 
2019 [215] 

Doxycycline 100mg PO 
BD 7 days 

Azithromycin 1g PO stat and repeated in 
1 week (total 2g) 

>4 weeks after 
treatment for 
rectal 
chlamydia 



20 
 

The U.K., 
2018 [218, 
221] 

Doxycycline 100mg PO 
BD for 7 days 
 

N/A >3 weeks after 
treatment 

Europe, 2019 
[220] 

Doxycycline 100mg PO 
BD for 7 days 
 

Azithromycin 1g PO stat with a test of 
cure 

4 weeks after 
treatment 

WHO, 2016 
[222] 

Azithromycin 1 g PO 
stat 
OR 
Doxycycline 100 mg PO 
BD for 7 days 

Tetracycline 500 mg PO QID for 7 days 
OR 
Erythromycin 500 mg PO BD for 7 days 
OR 
Ofloxacin 200-400 mg PO BD for 7 days 

Not reported 

 

 

1.4.2.1 Azithromycin 
 

Azithromycin (azithromycin dihydrate) is a broad spectrum macrolide that is well-known for its immuno-
modulatory and anti-inflammatory effects [223].  Derived from erythromycin, it acts by binding to the 50S 
large ribosomal unit and inhibits protein synthesis, quorum sensing, and biofilm formation. 

Taken orally, azithromycin has an absolute bioavailability of 37% and reaches peak serum concentration 
2 to 3 hours after dosage [224, 225]. The serum protein binding of azithromycin is dose-dependent with 
lower binding at higher concentrations ranging from 7% at 2 µg/mL to 51% at 0.02 µg/mL [225].   
Azithromycin has also been observed to be affected by hormones with an increase in absorption of up to 
42% among women who are using oral contraceptives or were non-African American expectant mothers, 
suggesting possible estrogen or progesterone-mediated mechanisms and interactions with ethnicity 
[226]. 

Azithromycin also displays high and rapid selectiveness for respiratory, epidermal, gynecological, and 
prostatic tissue with intracellular concentrations of up to 60-times that the maximum seen in plasma 
[225]. In vaginal tissue, peak concentration is reached after 2 days (mean=2206mcg/mg of lipid) and 
remains high for at least 9 days (mean=384mg/mg) [227].  In rectal tissue, azithromycin is absorbed even 
faster with peak concentration at a median of 24 hours and remains above minimum inhibitory 
concentrations for over 14 days [228].  Azithromycin also accumulates in high concentrations within 

Figure 7: Structural formula of azithromycin, public domain  
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polymorphonuclear cells (PMNL), in particular neutrophils, which is thought to lead to delivery to 
inflammation sites [229]. 

The metabolism of azithromycin in the body is very slow with a plasma half-life of up to 70 hours [230].  It 
is mainly excreted unchanged in the faeces and bile, with approximately 6% of an oral dose being 
recoverable unchanged in the urine over the course of a week [231]. 

Azithromycin 1g is generally well-tolerated but with side effects including minor gastro-intestinal 
discomfort such as diarrhoea, nausea, abdominal pain, and vomiting [225]. Azithromycin has been 
contraindicated for those with a history or jaundice or kidney disfunction [223].  Although those at risk of 
cardiac arrhythmias have also been contradicted, an American study found no association between 
azithromycin use in STI treatment and drug-induced cardiovascular death [232].  Azithromycin is 
commonly used for pregnant women where doxycycline is contraindicated.  Although there is some 
evidence that macrolide use may be associated with fetal malformations, this would equate to only an 
additional 4 major malformations per 1000 macrolide prescriptions when compared to penicillin use 
[233]. 

Azithromycin has a minimum inhibitory concentration (MIC) for chlamydia at 0.125 µg/mL and can be 
administered as a single 1g dose due to its long half-life of 70 hours [222, 234, 235]. This circumvents the 
concerns with adherence seen with 7-day doxycycline, making it favoured for both primary treatment and 
for patient delivered partner therapy. 

 

1.4.2.2 Doxycycline 
 

Doxycycline (most commonly doxycycline hyclate or doxycycline monohydrate) is a bacteriostatic 
tetracycline that shows effectiveness against a broad spectrum of bacteria including the STIs chlamydia 
and syphilis [110], as well as some protozoa such as malaria [236].  It acts by binding to the 30s small 
ribosomal subunit, permanently binding to the aminoacyl-tRNA on the mRNA-ribosome complex, and 
impeding growth.  Further inhibition of protein synthesis occurs in the mitochondria where doxycycline 
binds to the 70s subunit of the mitochondrial ribosome.  Doxycycline has also been observed to exhibit 
bactericidal properties in vitro, with time-dependent killing at 2 to 4 times the MIC, and dose 
concentration-dependent killing at 8 to 16 times the MIC of organisms tested [237].  It is unknown if this 
also occurs in vivo or against chlamydia. 

When taken orally, doxycycline is completely absorbed with a bioavailability of 100%.  Following a single 
200mg oral dose, peak plasma concentration is reached within 2 hours with a concentration of 2.6µg/mL 

Figure 8: Structural formula of doxycycline monohydrate, public domain 
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before reducing to 1.45 µg/mL after 24 hours [238].  Doxycycline is also highly lipophilic with a high affinity 
for plasma proteins, binding at a rate of 82-95% [236] and concentrating highly in the bile through the 
liver [239]. 

When compared to azithromycin, the half-life of doxycycline is comparatively short at 18-22 hours.  It is 
excreted unchanged in the urine and faeces at high concentrations while in a biologically active form 
[239].  Doxycycline is also excreted in seminal fluid via the prostate gland and can be detected within 2 
hours of dosage [240]. 

Due to the complete absorption of doxycycline through the intestines, the side effects most commonly 
reported are nausea, diarrhoea, and vomiting.  Longer regimens, as in for malaria prophylaxis, can also 
cause an increased photosensitivity to the UVA1 in sunlight with symptoms manifesting as a burning 
sensation, rash, or oncholysis (loosening of the fingernail or toenail) [241, 242].  Irritation or ulceration of 
the esophagus can also occur if taken laying down. 

As tetracyclines can discolour teeth and cause enamel dysplasia (increasing the risk of dental caries), 
doxycycline is contraindicated in those aged 8 years old or under.  Due to inhibition of bone growth in the 
fetus, it is contraindicated after 18 weeks of pregnancy. 

When used in the treatment for chlamydia, doxycycline is limited by its short half-life and requires bi-daily 
administration in order to maintain effective concentrations, where for chlamydia, the MIC is up to 
0.25µg/mL [235, 243].  Due to the multi-dose nature of the regimen, the WHO has considered associated 
stigma to be a disadvantage to doxycycline in the treatment of chlamydia [222] and the impact of 
adherence on treatment efficacy remains uncertain. 

A table summarising the advantages and disadvantages of each drug regimen in the treatment of STIs is 
provided below (Table 3). 

Table 3: Advantages and disadvantages of rectal chlamydia treatment regimens 

Azithromycin 1 g, single dose 
Advantages Disadvantages 

• Single stat dose, no compliance concerns 
• Suitable for patient delivered partner therapy 
• Fast absorption into body tissue at high 

concentrations 

• Induced resistance in gonorrhoea, syphilis, 
Mycoplasma genitalium and shigella. 

• Suspected failure with high rectal organism 
loads [244] 

• High rates of nausea (5%) and diarrhoea 
(7%) [225] 

Doxycycline 100 mg, twice daily for 7 days 
Advantages Disadvantages 

• More efficacious for male non-gonococcal 
urethritis [245] 

• Potential use as prophylaxis for bacterial STIs 
[110, 111] 

• Generally fewer resistance issues with other 
STIs [246] 

• Potential phototoxicity 
• Multi-dose stigma and compliance concerns 

[247] 
• Resistance found in gonorrhoea [114, 115] 
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1.4.2.3 Test of microbiological cure 
Following drug administration for rectal chlamydia, patients in Australia, Europe, and the U.K. are advised 
to refrain from sexual activity for 7 days to limit the risk of onward infection and to return after at least 4 
weeks for a test of cure (TOC) to assess microbiological cure [215, 220, 221]. 

However, it is unclear what proportion of patients refrain from sexual activity in the week following 
therapy or how soon a rectal chlamydial infection is rendered non-infectious.  Following treatment with 
1g azithromycin, detectable chlamydial DNA has been reported from rectal samples for up to three days, 
and for over four days with ribosomal RNA [248].  Following treatment with 7-day doxycycline, detectable 
chlamydial DNA is still reported after three to seven days following initiation of therapy [247, 249], 
although viability is uncertain. 

 

1.5 Treatment concerns with rectal chlamydia 
Since 1966, it has been recognized that rectal STIs were clinically more difficult to treat than those of the 
genitals [154].  While, there is no evidence to suggest that rectal chlamydia treatment efficacy is 
associated with gender [250], HIV status [251] or serovar (with the exception of LGV) [243], the 
differences in azithromycin treatment efficacy between the urogenital and rectal sites may be from 
physiological or pharmacokinetic factors detailed further below.  

Historically, azithromycin became the preferred choice for therapy for chlamydia infection with the 
single dose avoiding possible non-compliance [252].  However, there are a multitude of observational 
studies that report of azithromycin failing to treat rectal chlamydia, with up to 26% of MSM or women 
returning with repeat positivity at follow up [250, 253-262].  Under detection of asymptomatic LGV 
genovars may also be contributing to azithromycin failure.  A large UK. study found that over a quarter 
of LGV is asymptomatic [263], suggesting that 1 in 4 LGV cases may go undetected and undertreated 
with azithromycin. 

Furthermore, concerns have also been raised with doxycycline and that suboptimal adherence to the 7-
day regimen may contribute to treatment failure of rectal chlamydia [247], as has been shown to occur 
with urethritis [264, 265]. 

A systematic review and meta-analysis of published literature estimated the treatment efficacy of 
azithromycin for rectal chlamydia to be 82.9% (95%CI 76.0 to 89.8%).  In contrast, the treatment efficacy 
of doxycycline was 99.6% (95%CI 98.6, 100.0) with a treatment efficacy difference of 19.9% (95%CI 11.4, 
28.3)[266].  Although these estimates were limited by few studies and featured no clinical trials, this has 
not stopped Australia, the U.K., and Europe from changing their rectal chlamydia treatment guidelines to 
recommending doxycycline over azithromycin [215, 220, 221].  Only guidelines from the WHO and U.S. 
have not made this shift, citing the lack of robust evidence to confidently recommend one regimen over 
the other [217, 222].  This represents a significant knowledge gap for clinical practice to be based on 
empirical evidence and seeks to be addressed as part of this thesis. 

The undertreatment of rectal chlamydia with azithromycin is of particular concern for women if rectal 
infection can act as a reservoir for recurrent urogenital chlamydia [77].  A 2014 meta-analysis described 
doxycycline as 3% more effective than azithromycin in the treatment of urogenital infection [245].   
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However, if autoinoculation among women following under-treated rectal infection is considered, 
mathematical modelling suggests that this disparity in treatment efficacy could reach up to 15% [214]. 

The following sections will discuss factors that may make it more difficult to treat rectal chlamydia. Further 
consideration of LGV genovars are excluded. 

 

1.5.1 Chlamydial proliferation and heterotypic resistance in the gastrointestinal tract 
The gastrointestinal (GI) tract functions as a central part of the digestive system, of which the rectum is 
distally located. Among animals, the GI tract may be favourable to chlamydial proliferation where 
chlamydia exists as a pathogen spread via fecal-oral transmission [77, 170, 267]. In humans, chlamydia is 
able to infect the columnar epithelium present in the rectum above the dentate line [268]. That the GI 
tract environment may also be conducive to the survival and proliferation of chlamydia in humans has 
been supported by multiple studies showing that microbial loads in rectal samples tend to be higher when 
compared to urogenital samples [248, 269-271].  Furthermore, available data that suggest that untreated 
rectal chlamydia is long lasting, remaining viable for up to 20 months without treatment [272]. In 
comparison, 45% of untreated genital infection in women is estimated to resolve within 12 months [273]. 

A possible mechanism where the GI tract may contribute to chlamydial infection is by providing 
compounds that are normally restricted during the immune response, namely tryptophan [274].  
Tryptophan is an amino acid that is essential for the biosynthesis of proteins including those for chlamydia.  
As part of the immune response to infection, the cytokine interferon-gamma (IFN-γ) is produced. This 
cytokine then induces the enzyme indoleamine 2,3 dioxygenase which degrades tryptophan to starve the 
infection.  However, the sexually transmitted variants of chlamydia also possess the enzyme tryptophan 
synthease which converts indole available from surrounding gut microbiota into tryptophan, allowing 
them to avoid starvation and persist in the GI tract [275, 276].  Furthermore, indoleamine 2,3-dioxygenase 
also inhibits cytokine expression by infected cells and the subsequent reduced inflammatory response by 
the immune system [72, 73].  This in turn may have an adverse effect on azithromycin delivery to the 
infection site by polymorphonuclear leucocytes produced during an immune response [277]. 

With access to trypotophan, chlamydia may proliferate in the GI tract. Higher microbial loads are 
associated with heterotypic resistance, a type of resistance where a small proportion of the total infective 
load exhibits less susceptibility against antibiotics [278, 279]. This has been demonstrated in vitro for 
chlamydia where the minimum inhibitory concentration for antibiotics increased proportionally to the 
time given to replicate in cell lines [280]. 

Human clinical study has also shown that among asymptomatic infections, higher microbial load has been 
found to be significantly associated with treatment failure following azithromycin therapy [244] and 
heterotypic resistance to azithromycin and doxycycline has been described in cultured clinical isolate 
samples from persistent or recurrent infections [235, 281-284]. 

The surrounding GI microbiome has also been suggested to reduce efficacy in the rectum by diluting the 
concentration of the drug for the target infection [285].  However, this may be disputed by evidence that 
azithromycin concentrations in rectal tissue following a 1g dose can reach above minimum inhibitory 
concentration levels for chlamydia and remain so for over 2 weeks [228]. This suggests that inadequate 
drug concentrations are unlikely to be the cause for treatment failure. 
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As there is little evidence of homotypic resistance to antibiotics in chlamydia (see Ch 1.5.4), and precluding 
insufficient drug concentrations or re-infection, the treatment failure described with azithromycin could 
perhaps be a result of an unfavourable pharmacokinetics within the GI tract, which is described in the 
following section. 

 

1.5.2 Unfavourable pharmacokinetic or pharmacodynamics of azithromycin in the GI tract 
If the human rectum still receives a sufficient concentration of drug to inhibit infection following a 1g dose 
[228], what other mechanism could also play a part in persistent infection within the GI tract?  One 
possibility is a complex interaction between the local immune system, infected cell type, environmental 
pH, and azithromycin pharmacodynamics. 

Azithromycin is delivered to sites of infection by polymorphonuclear leucocytes following inflammation 
[277]. In contrast, doxycycline is distributed throughout the body by its high degree of lipid solubility and 
stability in human serum [239]. As treatment failure is reported in asymptomatic rectal chlamydia [253, 
254],  it has been hypothesized that this down-regulation of the immune system in the GI may reduce the 
quantity of available azithromycin in the GI environment [257, 286].  However, as previously mentioned, 
adequate inhibitory concentrations of azithromycin can be found in the rectum following 1g dosage [228], 
casting doubt on insufficient concentrations as a mechanism for treatment failure. 

The type of host cells infected may also play a role in antibiotic susceptibility to azithromycin. Recent in 
vitro study found that the chlamydial MIC for azithromycin increased 4-fold within human colorectal cells 
when compared to cervical cells, and was consistent across all genovars tested (D to G) [287].  Notably, 
this was not shown to occur with doxycycline, where the MIC did not differ between these cell types [287]. 
Meanwhile, animal models have also shown azithromycin failing to clear infection in the GI tract despite 
having done so in the genitals at similar drug concentrations between the cecum and cervix [285]. The 
reasons for cell-dependent antimicrobial susceptibility is uncertain and while variation in cell culture 
technique cannot be ruled out [288], differences in cell permeability or local cytokine expression is a 
possibility [287]. 

One final consideration is that environmental pH may also contribute to azithromycin treatment failure. 
Azithromycin has a pKa of 8.5 [289], where the pKa is the pH where 50% of the drug is ionized and 50% 
is unionized, with only un-ionized drug penetrating cells.  In environments of pH less than 8.5, the 
proportion of ionised azithromycin increases, thereby resulting in less drug penetrating the cell wall and 
inhibiting bacterial growth.  Macrolides have shown a decreased efficacy when pH falls below 6 [290], 
with azithromycin specifically showing a 100-fold increase in MIC against Streptococcus aureus when pH 
falls from 7.3 to 5.0 [291].  Available data on human rectal pH show that colitis-associated tissue damage 
results in a lowered pH, from 7.9 to 6.9 [292].  Furthermore, a recent study reported that 27% of MSM 
with a rectal STI infection had a pH between 6.0 and 6.5 – the pH at which treatment failure is thought 
to occur with azithromycin – and was associated with being aged 36-45 years [293].  The reason for this 
association was unclear but was speculated to be related to a decline in the gastro-intestinal immune 
response. 
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Figure 9 (next page) summarises the potential mechanisms of azithromycin treatment failure for 
asymptomatic rectal chlamydia infection described thus far. 

 

Figure 9: Potential mechanisms of azithromycin treatment failure for asymptomatic rectal chlamydia. 

CT=Chlamydia trachomatis, PML=polymorphonuclear leukocytes, AZ=azithromycin. $Chlamydia starvation by tryptophan degradation is avoided 
by expression of tryptophan synthase by chlamydia. #Insufficient concentration as a contributor to azithromycin treatment failure is doubtful. 
The level of azithromycin treatment failure attributable to each mechanism remains uncertain. 

 

1.5.3 Persistent state chlamydia  
In addition to the unique GI environment contributing to treatment failure, chlamydial organisms can also 
enter a persistent state under certain stressing stimuli such as penicillin [294], sub-inhibitory 
concentrations of IFN-γ cytokines [295], or the deprivation of nutrients such as tryptophan [275].  Here, 
the reticulate bodies cease division and form what is known as aberrant bodies [296-298] that are 
detectable by NAAT but are not culturable due to their nature of being non-replicative.  These aberrant 
bodies have been shown in vitro to have elevated MIC to antibiotic therapy (including azithromycin and 
doxycycline) with removal of persistence-inducing stimuli resulting in a reversal back to normal metabolic 
processes and a return to antibiotic susceptibility [73, 297, 299-301]. 
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It is not known if this occurs in vivo or what governs transition between replicative and non-replicative 
forms but low concentrations of azithromycin has also been shown to induce persistence in reticulate 
bodies with down-regulation of omcB, a gene involved in final stage of the lifecycle [302]. 

As persistent state chlamydia has yet to be shown to occur in vivo, current clinical guidelines do not offer 
any special consideration during treatment.  However, it may still be a consideration during discussions 
about treatment failure. 

 

1.5.4 Selection for antibiotic resistance among STIs other than chlamydia 
Antibiotic resistance is a major concern in modern medicine. While naturally-occurring antibiotic-resistant 
C. trachomatis  is yet to be been shown, even during mass antibiotic use in communities endemic for 
trachoma [303-305], heterotypic resistance to azithromycin and doxycycline has been described in 
cultured clinical isolate samples from persistent or recurrent genital infections [235, 281-284], although 
these genes may fail to pass onto offspring [284]. 

Attempts to artificially induce resistance through genetic recombination have also been met with limited 
success.  Although chlamydial plasmids are not associated with susceptibility to common antibiotics, 
including those currently used in chlamydia management [306], C. trachomatis inserted with recombinant 
plasmids containing chloramphenicol-resistant genes from E. coli resulted in only low-level, transient 
expression and poor inheritance among offspring [307]. 

Nevertheless, selection pressure for homotypic resistance to tetracyclines with chlamydia remains a  
palpable threat [288], particularly with increasing acceptance of doxycycline as STI pre and post-exposure 
prophylaxis [110, 111] and in vitro study showing horizontal gene transfer of highly prevalent tetracycline 
resistance from C. suis to clinical strains of C. trachomatis to be possible [117]. 

There are also concerns that treatment with azithromycin may be selecting for antimicrobial resistance in 
other organisms due to its long half-life of up to 70 hours [230] (see Ch 1.4.2.1) and that newly acquired 
infections in the weeks following treatment may expose pathogens to sub-MIC levels of azithromycin. 

Widespread use of azithromycin has increased azithromycin resistance in S. pneumoniae, E.coli, and S. 
aureus [308] and now similar use is suspected to contribute to the resistance found in STIs such as M. 
genitalium [309] and syphilis [310, 311].  Most particularly, the emergence of de novo azithromycin 
resistance in gonorrhoea has been reported following 1g or 2g doses [312, 313], and recent exposure (≤30 
days) to azithromycin has also been associated with significantly elevated MIC among gonorrhoea isolates 
[314].  Furthermore, azithromycin resistance also has risen in shigella [315], of which MSM are at-risk.  
One study has reported a prevalence of 1.8% (95%CI 0.9-3.6%) among 444 MSM concurrently diagnosed 
with rectal chlamydia [316]. 

This collateral selection pressure for azithromycin resistance among other STIs following treatment for 
rectal chlamydia remains understudied, while the risk of exposing newly acquired STIs to subinhibitory 
concentrations represents a significant knowledge gap. 
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1.5.5 Spontaneous clearance  
If left untreated, urogenital chlamydial infection may result in reproductive complications. However, 
infections may also resolve without antibiotic intervention.  It is estimated that up to 54% of urogenital 
infections in men and women may naturally clear within a year of diagnosis [273] with up to 22% of new 
diagnoses spontaneously clearing prior to returning for treatment [317-319]. 

Modelling data from a literature review estimated the duration of untreated urogenital infection to be 
around 15 or 16 months, although this may range from as little as 25 days to up to 4 years [50, 320, 321], 
and while urogenital infections are less likely to establish in men, they also clear more slowly when 
compared to women [322].  Hormones are also suspected to influence clearance with women using oral 
contraceptives or being older (≥20 years) age at the time of first intercourse clearing their infection faster 
[50]. 

In comparison, spontaneous clearance for rectal infections is far less studied.  Available data suggest that 
untreated rectal chlamydia is long-lasting and can remain for upwards of 20 months [272]. In addition, 
spontaneous clearance may differ with infection site and microbial load.  A prospective cohort study by 
Van Liere et al. reported that clearance in the rectum was higher than the cervical site (18.4% vs 6.8%) 
with clearance at both sites associated with a lower microbial load [319].  Another Dutch study reported 
that decreasing microbial loads was observed in greater proportions for rectal swabs when compared to 
vaginal or urine samples (41%% vs 22% and 17%, respectively) [270].   

That lower microbial load is associated with clearance could be due to the possibility of false positivity 
through contamination for women (see Ch 1.2.2.2 and Ch 1.2.2.3).  A greater proportion of women have 
been reported to spontaneously resolve their rectal chlamydia infection than in MSM (18% vs 4%) and 
among 30 women with concomitant infection in the urogenitals, only 10% had spontaneously cleared 
their rectal infection upon retesting [319].  Contamination, while not entirely explanatory, cannot be ruled 
out in either the initial diagnosis or subsequent retest. 

Much remains unknown surrounding spontaneous resolution of chlamydia in humans. In particular, 
microbial load data remains difficult to study and interpret with high variability between patients, 
infection site, and methodology [323]. 

 

1.6 Summary of knowledge gaps with rectal chlamydia epidemiology and control 
This literature review has demonstrated that rectal chlamydia is highly prevalent and remains a significant 
health concern with important knowledge gaps.  

First, there is uncertainty surrounding the most effective antibiotic treatment for rectal chlamydia.  
Observational evidence suggests that azithromycin may be less efficacious than doxycycline, and there 
are compelling biological and pharmacokinetic reasons why this may be.  Rectal chlamydia treatment 
guidelines increasingly favour doxycycline, but this is currently not supported by robust empirical 
evidence.  A randomised controlled trial is urgently needed to rigorously examine difference in efficacy 
between azithromycin and doxycycline treatment regimens to provide necessary evidence and address 
the inconsistencies in global treatment guidelines. 

Secondly, the incidence of rectal chlamydia among MSM is rising and it might be that men are resuming 
sex before treatment has effectively cured their infection and thereby risking onward transmission.  



29 
 

However, there are no available data describing when sexual activity among MSM is resumed following 
rectal chlamydia treatment.  This gap is important as it: 1) describes the potential risk of onward 
transmission; 2) describes the potential risk of reinfection and repeat positivity which; 3) has important 
consequences for antibiotic stewardship in the climate of decreasing susceptibility. 

Thirdly, there is increasing concern about anorectal chlamydia among women, most particularly that it 
may act as a reservoir for recurrent urogenital infection – a marker of risk for PID.  Positive diagnosis of 
rectal chlamydia is not associated with anal sex or symptoms and this has led some to call for screening. 
However, these calls may be premature while: 1) the aetiology of rectal infection among women remains 
poorly understood; 2) the clinical significance of rectal chlamydia is still unknown; and 3) the most 
efficacious treatment for rectal chlamydia is yet to be determined.  Understanding the factors associated 
with rectal chlamydia positivity in women are necessary to inform future discussion of rectal chlamydia 
screening and management. 

 

1.7 Aims and objectives of this thesis 
The aim of this thesis is to further our understanding of the epidemiology and control of rectal chlamydia. 

The objectives of this thesis were: 

1) To determine whether azithromycin or doxycycline is the most efficacious treatment for rectal 
chlamydia infection; 

2) To examine the factors associated with resumption of sexual activity following treatment for 
rectal chlamydia among MSM; and 

3) To investigate the factors associated with rectal chlamydia positivity among women with 
concurrent infection at other sites, and to compare these with those observed for rectal 
gonorrohoea. 
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Chapter 2 – Treatment Efficacy of Azithromycin 1g Single Dose Versus 
Doxycycline 100mg Twice Daily for 7 Days for the Treatment of Rectal 
Chlamydia Among Men Who Have Sex with Men – a Double-blind 
Randomised Controlled Trial Protocol 
 

PUBLISHED: Lau A, Kong FYS, Fairley CK et al. “Treatment Efficacy of azithromycin 1 g single dose versus 
doxycycline 100 mg twice daily for 7 days for the treatment of rectal chlamydia among men who have sex 
with men – a double-blind randomised controlled trial protocol”. BMC Infectious Diseases 2017; 17(1):35, 
DOI 10.1186/s12879-016-2125-7 

Reproduced with permission from BMC Publishing Group©2017 

2.1 Introduction 
This chapter presents the protocol for a double-blind, double-dummy, parallel, randomised controlled 
study, named “The Rectal Treatment Study (RTS)”, and was published in BMC Infectious Diseases [324]. 

In summary, the primary aim was to estimate the efficacy of azithromycin 1g single dose for the treatment 
of rectal chlamydia among men who have sex with men (MSM) and compare it to that of doxycycline 
100mg twice daily for 7 days. 

For this trial, men were eligible for inclusion if they reported male-to-male sexual contact in the past 12 
months, were aged 16 years or older, and tested positive for rectal chlamydia by nucleic acid amplification 
test (NAAT).  They also required adequate English to give informed consent. 

Men were excluded if they were concurrently diagnosed with another bacterial STI, reported use of 
antibiotics in the previous 2 weeks, had a known contraindication to azithromycin or doxycycline, or 
presented with symptomatic proctitis. Study participants were restricted to MSM as rectal chlamydia 
infection is most prevalent in this population. 

Enrolled participants were randomly assigned to receive either azithromycin or doxycycline.  Those 
assigned to azithromycin received two 500mg azithromycin tablet that were taken under observation, and 
13 placebo tablets to be taken each morning and night, starting the evening of recruitment.  Those 
assigned to doxycycline received one doxycycline 100mg tablet and one placebo to be taken under 
observation, and 13 doxycycline tablets to be taken each morning and night, starting the evening of 
recruitment. 

The randomisation sequence was computer-generated by an independent statistician to be 1:1 in blocks 
of 10.  All participants, trial staff, nurses, and statisticians were masked to the allocation group with study 
medication made to be identical in appearance, feel, and packaging.  Allocation was only unmasked 
following database lock, data analysis, and the conclusions were finalised. 

The primary outcome was microbial cure defined as a negative NAAT result on a self-collected rectal swab 
4 weeks after recruitment. 
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Based on a 98% efficacy for doxycycline, 560 men would allow a detection at 5% significance a 6% 
difference at 80% power and a 7% difference with 90% power.  Allowing for 14% loss to follow up and 6% 
loss to asymptomatic LGV genovars, we aimed to recruit 350 men to each trial arm for 700 men in total. 

Primary analysis was a modified intention to treat analysis (m-ITT) that included only those who 
commenced their randomised therapy, returned to provide a rectal swab at follow up, and were not later 
found to have an LGV genovar. Secondary analysis was a per-protocol analysis to differentiate between 
treatment failure, reinfection, or false positive results. 

This trial was registered with the Australian New Zealand Clinical Trials Registry ACTRN12614001125617. 

Supplementary material is available in the Appendix B and include: 

• Baseline questionnaire 
• Follow up questionnaire 
• Antibiotic treatment checklist (MSHC version) 
• Eligibility checklist 
• Recruitment poster 
• Instructional for self-collected anal swabs 
• Website screenshots 
• Images of kits 
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2.2 Chapter summary 
This chapter details the protocol set out for the clinical trial comparing the efficacy of 1g azithromycin to 
that of 100mg doxycycline, twice daily for 7 days for the treatment of asymptomatic rectal chlamydia. 

There were a number of deviations from this protocol in the final results paper. These were described in 
the final results paper in Chapter 4 but are also listed below: 

• Firstly, secondary outcomes detailing the differentiation between reinfection and treatment 
failure were not available due to workplace restrictions during the COVID-19 pandemic. Instead, 
available data on sexual behaviour and genovars at baseline and follow up were used to estimate 
the risk of reinfection. 

• Secondly, data on recent HIV viral loads and CD4+ cell counts were not collected. 
• Thirdly, the number of recruitment sites were expanded to include another sexual health clinic in 

the state of South Australia. In total, there were 5 recruitment sites across 3 states (Victoria, New 
South Wales, South Australia). 

Although whole genome sequencing data were not available for inclusion into this thesis, this work was 
still ongoing at the time of writing. 

The following chapter presents the statistical analysis plan for the data collected in the trial. 
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Chapter 3 – The Rectal Treatment Study – Statistical Analysis Plan  
PUBLISHED ON STUDY WEBSITE. Not peer reviewed. 

3.1 Introduction 
This chapter presents the statistical analysis strategy that was designed and implemented for the Rectal 
Treatment Trial.  This protocol was published on the RTS website and included as supplementary material 
in the published results paper.  Website address is: 

https://andrewlau38.wixsite.com/rectaltreatmentstudy 

In summary, the proportions of microbial cure at follow up were compared using predictive margins from 
logistic regression models.  Important differences in baseline characteristics and clustering at the clinic 
level were accounted for in multivariable analyses. 

Data was cleaned and checked, and a final dataset for analysis was produced prior to lock down.  
Allocation was not unblinded until analysis was complete and all analyses were conducted on Stata 
software v16.0. 

This statistical analysis plan was developed with consultation with biostatisticians Profs Janaki Amin and 
Matthew Law, and was made available to the public via the RTS website. 

 

 

https://andrewlau38.wixsite.com/rectaltreatmentstudy
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3.2 Chapter Summary 
This plan provided a detailed description of the analysis and was reported prior to starting the clinical trial.   

There were a number of deviations from this plan to the data presented in the final manuscript. 

• Firstly, non-adherence in the final manuscript was defined as 10 or fewer dosages, compared to 
less than 10 dosages as described in the plan. 

• Secondly, per-protocol analysis did not exclude those who returned for follow up after 42 days. 
Instead, risk of reinfection was assessed using a combination of sexual behaviour data collected 
during follow up and genovar data comparing variants between baseline and follow up. 

• Thirdly, sensitivity analysis for missing data was altered at request by the in-house biostatistician 
at the publishing journal.  The impact of missing primary outcome data was assessed in two ways: 

o Missing primary outcome data for those assigned doxycycline were randomised to be 50% 
cure and 50% failure, whilst missing data for those assigned azithromycin was 100% 
assumed failure. 

o Missing primary outcome data for those assigned azithromycin were randomised to be 
50% cure and 50% failure, whilst missing primary outcome data for those assigned 
doxycycline was 100% assumed failure. 

 

 

The next chapter presents the results of the trial. 
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Chapter 4 – Azithromycin or Doxycycline for Asymptomatic Rectal 
Chlamydia trachomatis 
 

PUBLISHED: Andrew Lau, Fabian Kong, Christopher K. Fairley, David J. Templeton, Janaki Amin, Samuel 
Phillips, Matthew Law, Marcus Chen, Catriona S. Bradshaw, Basil Donovan, Anna McNulty, Mark A. Boyd, 
Peter Timms, Eric P.F. Chow; David G. Regan, Carole Khaw, David A. Lewis, John Kaldor, Mahesh 
Ratnayake, Natalie Carvalho, and Jane S. Hocking. “Azithromycin or Doxycycline for Asymptomatic Rectal 
Chlamydia trachomatis”, The New England Journal of Medicine 2021;384:2418-27. DOI: 
10.1056/NEJMoa2031631 

Reproduced with permission from Massachusetts Medical Society@2021 

4.1 Introduction 
This chapter addressed objective 1 of this thesis – to determine whether azithromycin or doxycycline is 
the most efficacious treatment for rectal chlamydia infection and was published in The New England 
Journal of Medicine [325].  

Specifically, it presents the findings of the double-blind, double-dummy, randomised controlled trial 
(named “the Rectal Treatment Study [RTS]) comparing azithromycin 1g single dose to doxycycline 100mg 
twice daily for 7 days for the treatment of rectal chlamydia.  The trial recruited 625 MSM between August 
2016 and June 2019 who were diagnosed with asymptomatic rectal chlamydia at one of five sexual health 
clinics in Australia (one in Melbourne, one for Adelaide, and three from Sydney).  Eligible participants were 
randomised 1:1 in blocks of 10 to receive either azithromycin or doxycycline. 
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4.2 Chapter summary 
In addressing objective 1 of this thesis, this chapter describes the largest trial to provide evidence that the 
microbiologic cure of doxycycline for asymptomatic rectal chlamydia is superior to that of azithromycin 
with an adjusted risk difference of 19.9% (95%CI 14.6 to 25.3), in favour of doxycycline. These results are 
consistent with a previous systematic review and meta-analysis [266].  A subsequent similar but smaller 
trial (177 men) was conducted and published recently in the U.S. also found comparable results (100% 
versus 71% for doxycycline versus azithromycin respectively) [326].  

This chapter also reports that while doxycycline remains efficacious with a microbiologic cure of 96.9%, 
continued use of azithromycin may result in up to 24% of rectal chlamydia cases being undertreated. This 
consistent with cohort studies reporting a repeat positivity from 22% to 26% following azithromycin 
treatment in studies of men or women [255, 256, 260]. 

We found further evidence that high pre-treatment microbial load was associated with repeat positivity 
when azithromycin is used, corroborating findings by Kong et al. where increased rectal microbial loads 
were at increased probability to fail clearance [244].  Notably, this association was not found with 
doxycycline and alludes to important pharmacokinetic differences described in Ch 1.5.2. 

It is important to note that our results on microbiologic cure do not preclude reinfection as a reason for 
failed clearance.  However, among those treated with azithromycin, 64% of those positive at follow up 
had the concordant genotype at baseline and whole genome sequencing is currently underway for 
concordant genotypes to differentiate between reinfection and treatment failure. 

Supplementary material is provided in the Appendix C and include: 

• Investigation into chlamydia organism load at baseline 
• Chlamydia screening assay by clinic 
• Manufacturing details of the trial medications 
• Number of confirmed chlamydia diagnoses by clinic 
• Characteristics of the participants included in the modified intention to treat analysis 
• Results of the sensitivity analysis 
• Breakdown of chlamydial genotype at baseline of cases who failed treatment 
• Genotype concordance at baseline and follow up for cases who failed treatment 
• Number of dosages taken of allocated treatment 

 

The following chapter, Chapter 5, examines the resumption of sexual activity following treatment for 
rectal chlamydia and provides insight into the risk of re-infection following treatment, the risk of onward 
transmission prior to biological clearance, and selection pressure for azithromycin resistance among 
newly acquired STIs such as gonorrhoea or syphilis. 
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Chapter 5 – Factors Associated with Early Resumption of Condomless 
Anal Sex Among Men Who Have Sex with Men After Rectal Chlamydia 
Treatment. 
 

PUBLISHED: Lau A, Kong FYS, Fairley CK, et al. “Factors associated with early resumption of condomless 
anal sex among men who have sex with men after rectal chlamydia treatment”, Sexually Transmitted 
Diseases 2020; 47(6):389-394, DOI 10.1097/OLQ.0000000000001166. 

Reproduced with permission from American Sexually Transmitted Diseases Association@2020 

 

5.1 Introduction 
This chapter addresses objective 2 of this thesis, which is to examine the factors associated with 
resumption of sexual activity following treatment for rectal chlamydia among MSM. 

Rectal chlamydia is the most prevalent STI among MSM and some treatment guidelines still include 1g 
azithromycin as a therapy option [217, 222]. Furthermore, recent exposure to azithromycin has been 
associated with decreased susceptibility for other STIs including gonorrhoea [314], syphilis [310, 311] and 
Mycoplasma genitalium [309].  

Incident STIs such as rectal chlamydia may be concentrated within a subgroup of participants at high rates 
of reinfection [85], however, there are limited data available on when MSM resume sexual activity 
following treatment for an STI.  This is an important knowledge gap given that: 1) there is a risk of onward 
transmission should sexual activity resume before the infection has been effectively cleared, and; 2) 
condomless sexual activity may reintroduce newly acquired STIs to subinhibitory concentrations of 
azithromycin and select for antimicrobial resistance. 

This paper was published in the journal Sexually Transmitted Diseases [327] and is summarized as follows: 

As part of the Rectal Treatment Study, participant data on demographics, recent sexual history, and 
medical history were collected at recruitment. These data included age, HIV status and PrEP use, number 
of sexual partners in the last 3 months, previous STI diagnoses, and frequency of condom use.  Proportions 
of men reporting condomless anal sex and any sexual behaviour during the trial follow up period were 
calculated, regardless of trial arm.  Linear regression was used to identify risk factors associated with: 1) 
the resumption of condomless anal sex within 1,2, or 3 weeks of commencing treatment, or; 2) the 
resumption of any sexual activity within 1, 2, or 3 weeks of commencing treatment.  All analyses 
accounted for clustering at the clinic level and risk ratios were reported with 95% confidence intervals and 
p-values. 
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5.2 Chapter summary 
This publication reported that among 581 men, 9.5% (95%CI 7.2, 12.1) resumed condomless receptive 
anal sex within the first week of commencing treatment, potentially risking onward infection before it had 
been effectively cleared.  Factors associated with the early resumption of condomless receptive anal sex 
were: being an HIV-negative man using PrEP (aRR=3.4; 95%CI: 2.5, 4.8) or a man living with HIV (aRR=3.2; 
95%CI: 1.0, 9.9) relative to an HIV-negative man not using PrEP, or; reporting 9 or more sexual partners in 
the last 3 months (aRR=2.9; 95%CI: 1.6, 5.0) relative to reporting 3 or fewer. 

Within the first week of treatment, 26.2% (95%CI 22.6, 29.9) of men resumed any form of sexual activity 
and this was associated with reporting 9 or more sexual partners in the last 3 months (aRR=1.8; 95%CI: 
1.4, 2.5) relative to reporting 3 or fewer partners. 

This publication also reported that 38.7% (95%CI: 34.7, 42.8) of men resumed condomless receptive anal 
sex within 3 weeks of commencing treatment, and that this was associated with: being an HIV-negative 
man reporting PrEP use (aRR=1.7; 95%CI: 1.5, 2.0), or a man living with HIV (aRR=1.4; 95%CI: 1.1, 1.9) 
relative to an HIV-negative man not using PrEP, or; reporting 9 or more sexual partners in the last 3 months 
(aRR=1.8; 95%CI: 1.4, 2.3) relative to reporting 3 or fewer partners. 

Within 3 weeks of commencing treatment, 75% (95%CI: 71.3, 78.5) resumed any sexual activity and this 
was associated with reporting 4-8 or 9 or more partners (aRR=1.2; 95%CI: 1.1, 1.5 and aRR=1.5; 95%CI 1.3, 
1.7, respectively) relative to reporting 3 or fewer. 

These data suggest significant concerns: 

1. Data on how soon an infection is rendered non-viable after treatment is uncertain. However, 
median time for nucleic acid clearance in patients coinfected with chlamydia and gonorrhoea has 
been found to be 7 days (range 1-13) for RNA and 6 days (1-15) for DNA [328]. There may be 
considerable risk of onward transmission during resumption of sexual activity within 1 week of 
commencement of treatment, and; 

2. There is considerable risk of selecting for antimicrobial resistance among other STIs either by 
selecting for endemic resistance or by inducing resistance through exposure to subinhibitory 
concentrations of azithromycin. 

In addition to a lower overall treatment efficacy for rectal chlamydia, this finding that a significant 
proportion of men resume sexual activity early following treatment raises concerns about exposing new 
STIs to subinhibitory levels of azithromycin, contributing to antimicrobial resistance.  It suggests that 
current health promotion surrounding abstinence or safe sex following treatment may be ineffective 
within some subgroups.  Further efforts may be required among MSM with multiple sex partners to 
promote 100% condom use (or abstinence) for longer than the recommended 7-days while 1g 
azithromycin is being used and advocating for such behaviour change should be a key component of STI 
antimicrobial stewardship activities.  

The use of 1g azithromycin may also be problematic if it inadequately treats rectal chlamydia infection, 
and if rectal chlamydia infection among women can autoinoculate the genital tract resulting in persisting 
infection.  The following chapter presents the results of a systematic review and meta-analysis that 
investigates the association between rectal infections and concurrent infection at other sites.
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Chapter 6 – Factors Associated with Anorectal Chlamydia trachomatis or 
Neisseria gonorrhoeae Test Positivity in Women: a Systematic Review and 
Meta-analysis. 
 

PUBLISHED: Lau A, Kong FYS, Huston W, Chow EPF, Fairley CK, Hocking JS, “Factors associated with 
anorectal Chlamydia trachomatis or Neisseria gonorrhoeae test positivity in women: a systematic review 
and meta-analysis”, Sexually Transmitted Infections 2019; 95(5):361-367, DOI 10.1136/sextrans-2018-
053950 

Reproduced with permission from BMJ Publishing Group Ltd©2020 

6.1 Introduction 
This chapter addresses objective 3 of this thesis - to investigate factors associated with anorectal 
chlamydia positivity in women – and presents the findings of a systematic review and meta-analysis that 
was published in Sexually Transmitted Infections [329].  This publication represents the only study to 
quantify the association between rectal infections among women and concurrent infection at other sites. 

In summary, electronic databases were search for eligible studies that were in humans aged 15 or older 
and provided original data on rectal chlamydia and rectal gonorrhoea infection among women. Studies 
that reported only on urogenital infection, reported no rectal gonorrhoea data, or were exclusively 
conducted on men were ineligible. 

Overall, data from 25 eligible studies reporting on both rectal chlamydia and rectal gonorrhoea infection 
in women were extracted and included: site-specific positivity (anorectal, urogenital, oropharyngeal) with 
chlamydia and/or gonorrhoea, country of study, study design, and anal intercourse profile of the women 
included in each study (only those who reported anal intercourse vs included those who did or did not 
report anal intercourse). 

The review was novel in that it both quantified the relationship between anorectal chlamydia with 
concurrent chlamydia infection at extra-rectal sites or anal sex and repeated the same for anorectal 
gonorrhoea infection within the same study populations to use for comparison. 
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6.2 Chapter summary 
Amongst discussion surrounding anorectal chlamydia and its potential role as a source for repeat 
urogenital infection, this study investigated the association between anorectal chlamydia positivity with 
positivity at other sites (urogenital, oropharyngeal) and anal sex, and compared them to those for 
anorectal gonorrhoea and positivity at other sites and anal sex. 

This publication assessed 25 studies reporting on both chlamydia and gonorrhoea anorectal positivity that 
were found to be eligible.  Anorectal chlamydia positivity ranged from 0% to 17.5%, with a summary 
estimate of 8.0% (95%CI 7.0, 9.1; I2=88.5%). Anorectal gonorrhoea positivity ranged from 0% to 17.0%, 
with a summary estimate of 2.1% (95%CI 1.6, 2.8, I2=92.7%).  The association between urogenital and 
anorectal positivity was stronger for gonorrhoea than for chlamydia (summary prevalence ratio (PR)=89.3 
(95%CI 25.6, 150.3; I2=80.1%), PR=32.2 (95%CI 25.6, 40.7; I2=70.3%), respectively), and between 
oropharyngeal and anorectal positivity, it was stronger for gonorrhoea than chlamydia (PR=34.8 (95%CI 
10.2, 118.2; I2=89.2%), PR=8.8 (95%CI 6.8, 11.5; I2=58.1%), respectively).  Anal intercourse was associated 
with anorectal gonorrhoea (PR=4.3, 95%CI 2.2, 8.6; I2=0.0%) but not anorectal chlamydia (PR=1.0, 95%CI 
0.7, 1.4; I2=0.0%). 

This study also found that among women tested at both the urogenital and anorectal sites, the proportion 
of rectal-only infection was similar between chlamydia and gonorrhoea (22.6% (95%CI 19.68, 25.65; 
I2=30.9%) vs 20.25 (95%CI 13.9, 27.3; I2=55.7), respectively).  Any ongoing discussion about anorectal 
chlamydia should therefore also include gonorrhoea. 

In identifying a strong association between concurrent urogenital and rectal chlamydia infection, any 
treatment must be efficacious for both sites.  This may be problematic given that while azithromycin is 
likely to treat urogenital infection, it may be less efficacious for rectal infection.  A prospective cohort 
study (FEMCURE) recruiting women with concurrent infections at both urogenital and rectal sites found 
that the microbiological cure for azithromycin-treated rectal infection to be 78.5% (95%CI 72.6%, 83.7%) 
[260].  This is a concern as it has been hypothesized that rectal chlamydia may act as a source for recurrent 
urogenital infection thereby increasing risk of PID [77]. 

The study is limited with cross-sectional data which cannot establish whether oropharyngeal or urogenital 
infection preceded anorectal infection, or vice versa where applicable.  In addition, the small number of 
studies limited the scope to investigate the high heterogeneity found between studies.  Finally, it was 
limited to English-language studies and non-English studies may have impacted the heterogeneity 
associated with region of study. 

This chapter concludes by highlighting the importance of retesting for urogenital chlamydia in women 
treated with azithromycin given its strong association with rectal chlamydia and the potential for re-
inoculation if not effectively cured. 

 

Supplementary material is available as Appendix D.
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Chapter 7 – Discussion and conclusions 
As described above, chlamydia is the most commonly reported sexually transmitted infection (STI) in the 
world and rectal chlamydia is the most commonly diagnosed bacterial STI in men who have sex with men. 
In addition, there is growing evidence that rectal chlamydia may also be an issue for women, particularly 
in the concern that rectal chlamydia may cause recurrent urogenital infection when azithromycin is used. 

This PhD program of research aimed to investigate the epidemiology of rectal chlamydia with particular 
focus on treatment efficacy. It consists of three major components: a double-blind randomised control 
trial to identify the most efficacious treatment for rectal chlamydia infection (azithromycin vs 
doxycycline); a cross-sectional study to examine the risk that early resumption of sex could have on 
onward infection and selection for antimicrobial pressure following treatment; and a systematic review 
and meta-analysis of rectal chlamydia in women to investigate the associations with concurrent infection 
at other sites (urogenital or oropharyngeal). 

 

7.1 Objectives and how this thesis addresses them 
7.1.1 Objective 1: To determine whether azithromycin or doxycycline is the most efficacious 
treatment for rectal chlamydia infection. 
The first objective of this thesis was to determine whether azithromycin or doxycycline is the most 
efficacious treatment for rectal chlamydia infection.  In addressing this, we undertook a double-blind RCT 
that compared 1g single-dose azithromycin with a 7-day course of doxycycline 100mg twice daily in 
asymptomatic MSM.  The trial had a published protocol and a comprehensive statistical analysis plan. 

The trial found that the observed microbiological cure was 96.9% (95%CI: 94.9 to 98.9) for doxycycline 
and 76.4% (95%CI: 73.8 to 79.1) for azithromycin, with an adjusted risk difference of 19.9% (95% CI: 14.6 
to 25.3; p<0.001) in favor of doxycycline. The trial confirmed that the efficacy of 1g azithromycin was even 
lower than predicted by previous meta-analysis (82.9%; 95%CI 76.0, 89.8%)[266] and is below the 95% 
efficacy threshold recommended by the World Health Organisation for STI treatment [222]. 

In addition, we observed fewer adverse events reported by those assigned to doxycycline compared to 
azithromycin (33.8% vs 45.1%, respectively).  Although nausea and vomiting were similar between 
treatment allocations, those assigned to doxycycline were less likely to report diarrhoea (defined as ≥2 
episodes within a 24-hour period) than those assigned azithromycin (24.5% vs 39.7%; risk difference: 
14.2%, 95%CI: -20.7, -7.8).  Poor drug absorption through multiple episodes of diarrhoea has previously 
been suggested to affect azithromycin concentrations in the rectal tissue [228]. 

Our results were similar to a smaller trial also published recently [326]. The strengths of our trial, however, 
include a large sample size, low rates of loss to follow up and low rates of asymptomatic LGV.  Our results 
were robust and consistent across secondary and sensitivity analyses to provide substantial evidence that 
doxycycline is considerably more efficacious than azithromycin for rectal chlamydia.  These results were 
subsequently published in a high impact journal. 

The trial did have some limitations: firstly, the trial was restricted to men.  Despite this, these results may 
still be generalisable to women given that bacterial loads are similar between the sexes [163] and 
observational data suggests similar efficacy rates [250].  In addition, a prospective cohort study exclusively 
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in women has also reported similar efficacy rates (95.5% for doxycycline vs 78.5% for azithromycin) [260]. 
Secondly, the trial did not provide clarity on the minimum dosage required for successful treatment with 
doxycycline and that while non-adherence was found to be very low, compliance was dependent on self-
report and may not reflect behaviours in an unobserved population.  Thirdly, men with concurrent 
bacterial co-infections were excluded, and while coinfection is very common, these results may not be 
generalizable to these men. 

Nevertheless, this trial found that azithromycin treatment efficacy was so low that even when 100% 
adherence cannot be guaranteed, 7-days doxycycline 100mg twice daily should still be the first-line 
treatment for rectal chlamydia and supports the removal of 1g azithromycin from international treatment 
guidelines. 

A number of treatment guidelines have already begun to move away from single-dose azithromycin as a 
treatment option for rectal chlamydia.  In the U.K., a 2018 update to the BASHH treatment guidelines for 
rectal chlamydia removed azithromycin for treatment of uncomplicated chlamydia infection, regardless 
of infection site or patient gender, citing increasing macrolide resistance and inadequacy in rectal 
treatment [221].  In Australia, doxycycline is the first-line recommendation for rectal chlamydia while 
retaining a 1g azithromycin dose and repeat a week later (total 2g) as an alternative [215].  Europe also 
recommends doxycycline as first-line treatment ahead of 1g azithromycin [220], leaving only the U.S. and 
the WHO to recommend these regimens equivocally, citing the lack of empirical evidence.  The results of 
this thesis will provide justification to implement change. 

 

7.1.2 Objective 2: To examine the factors associated with resumption of sexual activity following 
treatment for rectal chlamydia among men who have sex with men. 
The second objective of this thesis was to examine the factors associated with the resumption of sexual 
activity following treatment of rectal chlamydia.  Using data from the RCT, a cross-sectional study was 
performed to investigate factors associated with resuming sexual activity following treatment for rectal 
chlamydia as a marker for risk of reinfection while highlighting the possibility of selection pressure for 
antimicrobial resistance for STIs such as Nesseria gonorrhoeae or Mycoplasma genitalium through the 
continued use of azithromycin.  

The study found that 9.5% of men resumed condomless receptive anal intercourse within a week of 
commencing treatment for rectal chlamydia and that this was independently associated with current 
PrEP use (aRR=3.4; 95%CI: 2.5, 4.8) or a man living with HIV (aRR=3.2; 95%C:I 1.0, 9.9), relative to an 
HIV-negative man who did not use PrEP, and reporting 9 or more partners in the last 3 months (aRR=2.9; 
95%CI: 1.6, 5.0), relative to reporting 3 or fewer partners.  In addition, nearly 40% of men resumed 
condomless anal sex within 3 weeks. 

The study also found that 26.2% (95%CI: 22.6, 29.9) of men resumed any form of sexual activity within 
the first week of treatment and this was associated with reporting 9 or more sexual partners in the last 3 
months (aRR=1.8; 95%CI: 1.4, 2.5) relative to reporting 3 or fewer partners.  

Furthermore, 75% of men resumed any sexual activity within 3 weeks of commencing treatment for 
rectal chlamydia and that this was associated with reporting 4-8 (aRR=1.2; 95%CI: 1.1, 1.5) or 9 or more 
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sexual partners in the last three months (aRR=1.5; 95%CI: 1.3, 1.7), relative to reporting 3 or fewer 
partners. 

The study was limited in that firstly, it is unclear how soon within the first week the men resumed 
condomless receptive anal intercourse.  Therefore, it is possible that sex was resumed later in the week 
when their infection was more likely to be non-infectious. Similarly, it is possible that resumption 
occurred within the first few days following treatment when rectal azithromycin concentrations were 
above the MIC for chlamydia and therefore re-infection is prevented.  Likewise, those treated with 
doxycycline and resumed sex while still on treatment may also have lower incidence of reinfection as 
indicated by doxycycline prophylaxis studies.  Secondly, sexual behaviours were self-reported during a 
trial and may be subject to recall or social desirability bias.  However, if social desirability did operate, 
then our results are likely to be underestimated.  Thirdly, participants were recruited from specialist STI 
clinics and may not be representative of all MSM. 

This study reported high rates of resumption of sexual activity following the treatment of asymptomatic 
rectal chlamydia. This is a concern because ongoing use of azithromycin may cause antimicrobial 
resistance in other organisms as a result of its long half-life which can expose newly acquired pathogens 
to sub-MIC levels of azithromycin.  This also highlights the importance of sexual health promotion 
messages at the time of treatment to refrain from any sexual exposure for at least 7 days post treatment 
to help ensure that the chlamydia infection is cured to minimize ongoing transmission. 

 

7.1.3 Objective 3: To investigate the factors associated with rectal chlamydia positivity among 
women. 
The third objective of this thesis was to investigate the associations between rectal chlamydia in women 
with concurrent infection at other sites, and to compare these with associations observed for rectal 
gonorrhoea through the use of a systematic review and meta-analysis. 

The review found that among the 25 studies eligible for inclusion, anorectal chlamydia positivity (summary 
estimate=8.0%; 95% CI 7.0, 9.1, I2=88.5%) was lower than anorectal gonorrhoea positivity (summary 
estimate=2.1%; 95% CI 1.6, 2.8, I2=92.7%).  However, the association between urogenital and anorectal 
positivity was stronger for gonorrhoea than chlamydia (summary prevalence ratio [PR]=89.3; 95% CI 53.1, 
150.3, I2=80.1% vs PR=32.2; 95% CI 25.6, 40.7, I2=70.3%, respectively). Similarly, the association between 
oropharyngeal and anorectal positivity was also stronger for gonorrhoea than chlamydia (PR=34.8; 95% 
CI 10.2, 118.2, I2=89.9% vs PR=8.8; 95% CI 6.8, 11.5, I2=58.1%).  Finally, anal intercourse was associated 
with anorectal gonorrhoea (PR=4.3, 95%CI 2.2, 8.6, I2=0.0%) but not anorectal chlamydia (PR=1.0; 95% CI 
0.7, 1.4; I2=0.0%). 

The review was novel in that it both: 1) quantified the relationship between anorectal chlamydia with 
concurrent chlamydia infection at the urogenital or oropharyngeal sites; and 2) compared to the same for 
anorectal gonorrhoea infection within the same study populations for a more comprehensive 
understanding. 

However, this review also had several important limitations. It used cross-sectional data which cannot 
establish the directionality of infection, that is, if urogenital infection preceded rectal infection or vice 
versa. Secondly, it was limited in its ability to investigate the sources of the high heterogeneity found 
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between studies. Finally, it was limited to English-language studies and non-English studies may have 
impacted the heterogeneity associated with region of study. 

This review is the first to quantitatively describe the association between rectal chlamydial infection and 
concurrent chlamydial infection at other sites.  It suggests a broader paradigm of rectal infections among 
women and highlights the need for high-quality longitudinal studies to further our understanding in order 
to inform STI screening guidelines. 

 

7.2 Implications of findings and areas for future research 
When compared to doxycycline 100mg 7 days, azithromycin 1g was found to be inferior in the treatment 
of rectal chlamydia and should be removed from all rectal chlamydia guidelines for both men and women 
as first line treatment.  Furthermore, we found that high proportions of men resumed sexual activity in 
the days following treatment. Should azithromycin continue as a treatment option for rectal chlamydia, 
there will be ongoing selection pressure for antimicrobial resistance in other STIs endemic in the 
population such as gonorrhoea, syphilis and Mycoplasma genitalium. 

Azithromycin, however, is a very useful treatment particularly because of its ability to achieve high tissue 
concentrations quickly and its use in patient delivered partner therapy.  Given ongoing concerns about 
antimicrobial resistance for all STIs, it is an important treatment to have as a backup treatment option. 
Future research may investigate the efficacy of extended dosages of azithromycin in treating rectal 
chlamydia [278], such as 2g of azithromycin in single or extended dose [215, 330], 1g weekly for 3 weeks 
[331], or as 5-day regimen [332].  High dosages with extended time above minimum inhibitory 
concentration have also been shown to be more efficacious in treatment of chlamydia [333].  Extended 
higher dose regimens may also produce greater cure rates for concurrent infections such as MG, syphilis 
and gonorrhoea, particularly for oral gonorrhoea and MG which require 2g doses or more.   Such 
treatment regimens must be carefully balanced against drug side effects but have been successfully 
introduced with resistance guided treatments of MG with fewer side-effects (nausea, vomiting, diarrhea) 
being reported with 2.5g given over 4 days [334, 335].  Nevertheless, these options are still problematic 
while concerns of selection pressure for antimicrobial resistance remain.  

Higher dosages of azithromycin will also incur a longer wash-out period for the drug.  Should patients re-
engage in sexual activity on higher azithromycin dosages, there is greater risk of introduction of pathogens 
to subinhibitory concentrations that may foster resistance.  As part of a holistic approach to antimicrobial 
stewardship, new health promotion messaging surrounding abstinence or condom use may be necessary. 
Given that in Chapter 5, up to 75% of men reported to reengaging in sexual activity within 3 weeks, this is 
likely to represent a significant challenge and probably not realistic.  Consistent messaging and 
engagement with men most at-risk has the potential to limit reinfection and subsequent antibiotic use as 
well as reduce the exposure of pathogens to low concentrations of drug that are selective for resistance. 

With ongoing concerns about antimicrobial resistance, viability assays could play a role in screening and 
reduce antibiotic use, particularly for men who have sex with men where there are less risks of adverse 
complications associated with chlamydia infection compared with women if the assay incorrectly classifies 
it as non-viable.  Viability assays could be used as a screening test to identify viable infections which could 
be treated.  Originally, vPCR has been used to show that less than 10% of available DNA originated from 
viable cells from 76% (38/50) of the vaginal samples taken [207].  More recently, only half of rectal samples 
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(52% [24/46]) were able to be confirmed as a viable infection [208].  It is possible that vPCR may have 
some future use in the confirmation of a viable, transmissible, and harmful infection prior to any 
unnecessary use of antibiotics and help limit the progression of resistance to azithromycin. 

Should azithromycin be removed as a treatment option for rectal chlamydia, there could be future need 
for doxycycline resistance surveillance while research into alternative regimens is explored.  Doxycycline 
resistance is yet to be seen in human C. trachomatis. However, it remains a theoretical possibility with the 
porcine C. suis showing high resistance to doxycycline and with horizontal transfer to human strains shown 
possible in vitro [117]. 

In the event where doxycycline begins to fail in the rectum, resistance guided therapy for rectal chlamydia 
may utilise other antibiotics shown to be efficacious for urogenital chlamydia such as the fluoro-
quinolones levofloxacin [336] or sitafloxacin [337] as potential second or third-line options while new 
drugs are under development.  This approach is already seeing success with macrolide-resistant MG [334, 
335]. 

Potential new drug therapies may include the use of novel compounds such as the chlamydia HtrA 
inhibitor JT0146 [338] or capsaicin [339].  Furthermore, topical microbicides that target rectal 
transmission (including HIV) are also being explored as prophylaxis or treatment [340], although 
systematic review has questioned their efficacy in the prevention STIs including chlamydia, HIV, or syphilis 
[341].  In addition, further development is required to avoid the significant epithelial exfoliation seen in 
animal studies [342], suggesting that this avenue may be some time away from common use. 

Research is still ongoing for human chlamydia vaccines [343]. Recently, the results from a 3-armed, 
placebo-controlled trial assessing the safety and immunogenicity of two different adjuvants (chlamydia 
liposomes vs aluminium hydroxide vs placebo saline) for chlamydia vaccine were published [344].  Both 
adjuvants were well-tolerated and IgG seroconversion occurred in 100% (15/15) of the participants versus 
none in the placebo group.  While the efficacy in prevention of chlamydia infection is still to be shown, 
progress such as these holds promise. 

With up to 80% of urogenital chlamydia infection in women having concurrent rectal positivity, 
doxycycline may now become the preferred treatment regimen for all chlamydial infections, regardless 
of site, in order to provide the most comprehensive clinical management. While this shift may be made 
to prevent recurrent genital infection following undertreated rectal infection, there is suggestion that 
demographic or sexual risk behaviour may have a greater impact on persistent infection than treatment 
choice [345].  There is an open-label randomised clinical trial comparing the treatment efficacies of 
azithromycin to doxycycline among women in France diagnosed with rectal chlamydia, with the secondary 
outcome of autoinoculation from the rectum to the vagina [346] that may provide further insight when 
results are published. 

Furthermore, the Dutch prospective cohort study FEMCURE is investigating autoinoculation by sampling 
560 women and systematically swabbing both their genital and rectal sites following chlamydia treatment 
[347, 348].  Retrospective cohort study may also be possible.  However, given that universal rectal 
screening is not yet recommended for women, data may be limited by small sample size similarly to other 
research investigating previous oropharyngeal chlamydia with a current rectal diagnosis [174] 
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Meanwhile, the clinical implications for rectal chlamydia among women are still unclear and most 
particularly, whether rectal infection can act as a reservoir for urogenital disease.  Future longitudinal 
studies in women that investigate autoinoculation between the anorectal and urogenital sites may bring 
clarity to the clinical significance of rectal infections and inform future screening guidelines. 

 

7.3 Conclusions 
This thesis found that azithromycin 1g was inferior to 7-day doxycycline in the treatment of anorectal 
chlamydia in men who have sex with men.  In addition, continued use of azithromycin 1g may potentially 
contribute to selection pressure for antimicrobial resistance in other STIs that are highly prevalent in core 
groups at risk of reinfection.  It is essential that while azithromycin is still in use, there must be stronger 
health promotion messages surrounding condom use following treatment, greater importance on test of 
cure, and monitoring for reinfection and antimicrobial resistance.  Moreover, further research is necessary 
to determine how soon rectal chlamydia is rendered non-infectious and provide accurate health 
messaging on when sex can be resumed to minimize onward infection. 

Finally, there remains questions surrounding anorectal chlamydia and its potential role as a source for 
repeat urogenital infection in women, necessitating future research in the clinical significance of rectal 
infections to inform screening guidelines. 
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Appendices 
Appendix A – Conference abstracts 
Presentation: 14th International Symposium on Human Chlamydial Infections, Utrecht, The 
Netherlands, July 2018 

ANORECTAL CHLAMYDIA TRACHOMATIS INFECTION IN WOMEN – A SYSTEMATIC REVIEW AND META-
ANALYSIS. 

A Lau, FYS Kong, P Timms, WM Huston, JS Hocking 

Introduction 

Rectal chlamydia (CT) infection among women is gaining attention with a recent systematic review 
reporting a weighted average prevalence of 9.2% in women which was comparable to the average 
prevalence of 9.0% reported among men who have sex with men (MSM) [136]. Increasing concern about 
rectal CT in women has prompted calls for rectal CT screening in women, even though the consequences 
of and risk factors for rectal CT in women remain poorly understood. Further, it remains unclear 
whether a positive rectal CT test result indicates rectal CT infection or just contamination from the 
urogenital site [135]. We conducted a systematic review and meta-analysis to investigate rectal 
chlamydia positivity, its association with CT infection at other sites and other risk factors in women.  

Methods 

This systematic review and meta-analysis was conducted according to PRISMA.  We searched for peer-
reviewed articles reporting rectal CT test results in women published up to the end of October 2017. The 
search was performed on electronic databases Pubmed, Embase and Medline.  Search terms included 
were (“Chlamydia” OR “Chlamydia trachomatis”) AND ((“anal” OR “rect*” OR “anorect*”) OR 
(“extra?genital” OR “multi?site”)). Medical subject headings were used where possible. Eligible studies 
were those conducted in humans aged 15+ years old, published in English language, and which provided 
original data on CT rectal detection. Ineligible studies were those reporting exclusively on urogenital 
infection, those conducted in men only or in animals. Review and opinion pieces, or when the sample 
size was under 10 were excluded. CT positivity was defined as a positive diagnosis of Chlamydia 
trachomatis infection by nucleic acid amplification test (NAAT), immunofluorescent antibody (IFA) test 
or culture. Data extracted included study design and year, study population, diagnostic test, specimen 
type and site, site specific CT test positivity among those tested and risk factors for rectal CT. Outcomes 
of interest included rectal CT positivity among those tested, rectal only infections, concurrent 
rectal/urogenital and rectal/pharyngeal CT and prevalence ratios (PR) for the association of rectal CT 
with specific variables. These variables included anal sex defined as ever had anal sex or anal sex last 
2/3/6/12 months, concurrent urogenital or pharyngeal CT detection, age, symptoms and ethnicity. 

Meta-analysis was used to calculate pooled estimates. The I2 test was used to estimate the proportion of 
total variability in point estimates that could be attributed to heterogeneity other than by chance. 
Pooled estimates were provided if I2 <75%. Study quality and evidence for bias were examined. 
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Results 

Characteristics of studies: Of the 400 references identified, 77 papers were reviewed with 40 studies 
reporting rectal CT positivity among those tested (Figure 1). Overall, 31 (78%) studies were set among 
women attending STI/GUM clinics, 6 (15%) were based in hospital/obstetrics/gynae or primary care 
settings and 3 (7%) were internet-based screening or community outreach. Studies provided estimates 
of rectal CT positivity among those tested with sample sizes ranging from 24 to 18238. Twenty-six 
studies also measured urogenital CT positivity and 11 provided estimates of pharyngeal CT. All were 
cross-sectional and subject to considerable selection bias. No longitudinal or experimental studies were 
identified. 

Rectal CT positivity: Rectal CT positivity ranged from 0% to 77.3%; in studies where only women 
reporting anal sex were tested, rectal positivity ranged from 6.6% to 17.5%; in studies where only 
women with urogenital CT were tested, rectal positivity ranged from 11.1% to 77.3%. There was 
considerable heterogeneity between studies.   

Association with anal sex: Eight studies provided data for the association of anal sex with rectal CT. Of 
these, 2 investigated anal sex ever, 1 investigated anal sex in the last 3 months, 2 anal sex in the last 2 
months and 3 did not define a timeframe. The pooled PR for the association of any type of anal sex with 
rectal CT showed no association (PR=0.9; 95%CI: 0.8, 1.0; I2=0.0%). 
 

Association with urogenital CT: 26 studies reported that between 33.3% and 100% of women with rectal 
CT also had urogenital CT (I2=96.2%). The PR ratios for the association of urogenital CT with rectal CT 
ranged from 4.1 (95%CI: 2.5, 6.7) to 138.0 (95%CI: 44.2, 430.5; I2=91.7%, p<0.01). Overall, between 0.0% 
and 66.7% (I2=85.1%) of women were rectal CT positive alone and would not be detected with 
urogenital CT testing only. 

Association with pharyngeal CT: Eight studies reported that between 0.0% and 21.6% of women with 
rectal CT also had pharyngeal CT (I2=86.8%).  The pooled PR for the association of pharyngeal CT with 
rectal infection was 7.4 (95%CI: 5.5, 9.4; I2=70.4%, p<0.01). 

Further subgroup analyses will investigate the role of diagnostic assay, year of study and study 
population on rectal CT positivity and the association of other risk factors with rectal CT.  

Discussion 

This systematic review identified 40 papers reporting rectal CT positivity among women. The studies are 
cross-sectional only, set mainly among high risk women attending specialist STI clinics and are at risk of 
considerable selection bias.  We found that anal sex is a poor predictor of rectal CT positivity and that 
while most rectal CT cases are likely to also test urogenital CT positive, a considerable proportion may 
be missed if relying on urogenital testing alone. However, it is unclear whether a rectal CT positive result 
represents a true rectal infection or contamination from the urogenital site. The results of the recent 
systematic review of rectal CT [136] that found similar positivity estimates in MSM (9.0%) and women 
(9.2%) suggests that contamination is likely to play an important role because MSM are likely to have 
more anal sex than women. Given ongoing concern about rectal CT in women, uncertainties about its 
clinical significance and some calls for rectal CT screening, further research, including well designed 
longitudinal studies, is urgently needed. 
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Poster: IUSTI World and European Congress, Dublin, Ireland, June 2018 

FACTORS ASSOCIATED WITH RECTAL CHLAMYDIA IN WOMEN – A SYSTEMATIC REVIEW AND META-
ANALYSIS 

Lau A, Kong FYS, Timms P, Huston WM, Hocking JS 

Background: 

Rectal chlamydia (CT) infection among women is gaining attention with a recent systematic review 
reporting a weighted average prevalence of 9.1% in women.1 Increasing concern about rectal CT in 
women has prompted calls for rectal CT screening in women, even though the consequences of and risk 
factors for rectal CT in women remain poorly understood. We conducted a systematic review and meta-
analysis to investigate rectal chlamydia positivity, its association with CT infection at other sites and 
other risk factors in women. 

 

Methods: 

Peer-reviewed reporting rectal CT test results in women published up to the end of October 2017 on 
Pubmed, Embase and Medline.  Search terms: (“Chlamydia” OR “Chlamydia trachomatis”) AND ((“anal” 
OR “rect*” OR “anorect*”) OR (“extra?genital” OR “multi?site”)). Eligible studies: humans aged 15+ 
years old, published in English language, and which provided original data on CT rectal detection. CT 
positivity defined as a positive diagnosis of Chlamydia trachomatis by NAAT or DNA hybridisation probe. 
Studies using DFA or culture were excluded. 

Analysis: 

Random effects models to calculate pooled estimates and prevalence ratios (referred to as risk ratios –
RR).  I2to calculate proportion of heterogeneity not due to chance.  Heterogeneity explored through 
sub-analyses and meta-regression. 

Variables included year of publication, study setting, reported anal sex (RAI), collection method (clinician 
vs self), country, assay used.  Between study variability assessed by τ2. 

Results: 

37 studies reported rectal CT positivity (range 0-77.3%). High heterogeneity prevented pooled estimates 
(I2=94.25%). Meta-regression showed that whether a study included only women reporting anal sex 
(RAI) was the strongest contributor to variability between studies (τ2relative reduction=45%).  19 
studies provided data for RR of rectal CT with urogenital CT (range 7.0-196.2, I2=92.9%). Meta-
regression identified no important variables for between study variability.  6 studies provided data for 
the RR of rectal CT with pharyngeal CT (RR=7.6; 95%CI: 5.7, 10.1; I2=76.1%). 

8 studies provided data for RR of rectal CT with RAI (pooled=0.95; 95%CI 0.85, 1.06; ; I2=0.0%) 

Conclusion: 

The importance of rectal CT in women and whether contamination from urogenital infection (or vice 
versa) plays a role is debated. The fact that the performance of CT assays has improved over time and 
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anal sex between men and women has increased,2could impact on rectal CT positivity. We showed 
considerable heterogeneity between studies but could not identify any consistent factors contributing 
to this heterogeneity. Urogenital CT is the most strongly associated variable with rectal CT positivity. 
Further well-designed cohort studies are needed to understand the aetiology and importance of rectal 
CT in women. 

 

Poster: IUSTI World and European Congress, Dublin, Ireland, June 2018. 

RESUMPTION OF SEXUAL ACTIVITY FOLLOWING TREATMENT FOR RECTAL CHLAMYDIA INFECTION 
AMONG MEN WHO HAVE SEX WITH MEN 

Lau A, Kong FYS, Donovan B, Bradshaw C, Fairley CK, McNulty A, Templeton DJ, Lewis D, Khaw C, 
Ratnayake M, and Hocking JS on behalf of all RTS investigators 

Background: 

The resumption of sexual activity shortly after commencing treatment for sexually transmitted 
infections (STIs) is poorly described, despite contributing to onward transmission.  With azithromycin 
remaining an option for rectal Chlamydia trachomatis, resuming sex too early after treatment may 
contribute to antimicrobial resistance because of exposure of newly acquired STIs to sub-inhibitory 
concentrations. 

Methods: 

Clinical and sexual behavioral data were collected from men participating in a trial assessing treatment 
efficacy for rectal chlamydia. Data were collected at recruitment and weekly for 3 weeks following 
commencing treatment.  Outcome measures were resumption of any sexual activity or condomless 
receptive anal sex within one, two, or three weeks after commencing treatment.  Logistic regression was 
used to calculate adjusted odds ratios (aOR) to identify associated factors. 

Results: 

Almost one in 10 men (9.5% [95%CI 7.2, 12.1]) resumed condomless receptive anal sex within one week 
of commencing treatment. This was associated with PrEP use (aOR=3.9 [95%CI 2.7, 5.7]) and having ≥9 
sexual partners in the last 3 months (aOR=3.2 [95%CI 1.6, 6.4]). Most men (75.0% [95%CI 71.3, 78.5]) 
resumed any sexual activity within 3 weeks and this was associated with a greater number of sexual 
partners (4-8 partners; aOR=2.0 [95%CI 1.1, 3.5], ≥9 partners; aOR=6.0 [95%CI 3.4, 10.7]). 

Conclusions: 

Resuming condomless receptive anal sex early after treatment may facilitate onward transmission and 
promote antimicrobial resistance for STIs. While azithromycin remains a treatment option, this analysis 
highlights the need for new health promotion messages regarding early resumption of sex and 
continued surveillance for antimicrobial resistance. 
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Poster STI & HIV 2019 World Congress, Vancouver, Canada, July 2019. 

TITLE: 

Factors associated with anorectal Chlamydia trachomatis or Neisseria gonorrhoea positivity in women – 
a systematic review and meta-analysis 

AUTHORS: 

Lau A, Kong FYS, Huston W, Chow EPF, Fairley CK, Hocking JS 

 

ABSTRACT: 

Background 
There has been considerable discussion about anorectal Chlamydia trachomatis (CT) in women, but little 
about anorectal Neisseria gonorrhea (NG).  This systematic review and meta-analysis investigates 
whether anorectal CT in women is associated with positivity at other sites (urogenital and 
oropharyngeal) and compares these with anorectal NG within the same populations. 

Methods 
Electronic databases EMBASE, MEDLINE and PUBMED were searched for English-language studies 
published to October 2018 using the search terms: (“Chlamydia” OR “Chlamydia trachomatis”) AND 
((“anal” OR “rect*” OR “anorect*”) OR (“extra?genital” OR “multi?site”)).  Studies were included if 
anorectal NG data were available.  Random effects meta-analyses were used to calculate pooled 
estimates; heterogeneity was investigated using meta-regression. 

Results 
25 studies were eligible.  Anorectal CT positivity ranged from 0% to 17.5% with a summary estimate of 
8.2% (95% CI: 7.2, 9.2; I2=86.4%).  Anorectal NG positivity ranged from 0% to 17.0% with a summary 
estimate of 2.2% (95% CI: 1.6, 2.8; I2=92.6%).  The association between urogenital and anorectal 
positivity was stronger for NG than CT (summary prevalence ratio (PR)=82.2 [95% CI: 50.0, 140.9; 
I2=80.4%], PR=29.7 [95% CI 23.8, 37.1; I2=64.6%], respectively).  Anal intercourse was associated with 
anorectal NG (PR=4.3; 95% CI: 2.18, 8.55; I2=0.0%) but not anorectal CT (PR=1.0; 95% CI: 0.71, 1.4; 
I2=0.0%). 

Conclusions 
Current discussion in the literature has focused on solely anorectal CT in women.  This review found that 
although anorectal CT is more common, anorectal NG is more strongly associated with anal intercourse, 
urogenital, and oropharyngeal infection. Longitudinal data are required to further understanding of the 
etiology of anorectal STIs and to inform whether anorectal screening is needed in women. 
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Presentation: STI & HIV 2021 World Congress: Sexual Diversity and the City, Virtual Edition, July 2021; 

Australasian Sexual Health and HIV&AIDS Conferences, September 2021. 

TITLE 
Treatment efficacy of 1g azithromycin versus 100mg doxycycline bi-daily for seven days for asymptomatic 
rectal Chlamydia trachomatis 
 
AUTHORS  
Andrew Lau, Fabian Y.S. Kong, Christopher K. Fairley, David J. Templeton, Janaki Amin, Samuel Phillips, 
Matthew Law, Marcus Y. Chen, Catriona S. Bradshaw, Basil Donovan, Anna McNulty, Mark A. Boyd, Peter 
Timms, Eric P.F. Chow, David G. Regan, Carole Khaw, David A. Lewis, John Kaldor, Mahesh Ratnayake, 
Natalie Carvalho, and Jane S. Hocking 
 
ABSTRACT 
Background 
Rectal chlamydia is the most commonly diagnosed bacterial sexually transmissible infection among men 
who have sex with men (MSM) and there is increasing concern about rectal chlamydia in women. The 
absence of randomised controlled trial (RCT) evidence means there is ongoing debate about the most 
efficacious treatment. 
Methods 
We conducted a double-blind double-dummy RCT to compare the efficacy of azithromycin 1g single-dose 
with 7-days doxycycline 100mg twice daily for the treatment of asymptomatic rectal chlamydia. MSM 
diagnosed with asymptomatic rectal chlamydia infection at five sexual health clinics in Australia were 
randomly assigned to receive either doxycycline or azithromycin. The primary outcome was rectal 
chlamydia microbiological cure defined as a negative nucleic acid amplification test at four weeks. Logistic 
regression was used to calculate the difference in microbial cure within a modified intention to treat 
population that excluded L2 serovar diagnoses post-recruitment. 
Results 
 We enrolled 625 men and randomly assigned 314 to doxycycline and 311 to azithromycin between August 
2016 and August 2019. Primary outcome data were available for 290 (92%) assigned to doxycycline and 
297 (96%) assigned to azithromycin. In the modified intention to treat population, the observed 
microbiological cure was 281/290 (96.9%; 95%CI: 94.9 to 98.9) for doxycycline and 227/297 (76.4%; 
95%CI: 73.8 to 79.1) for azithromycin, with an adjusted risk difference of 19.9% (95% CI: 14.6 to 25.3; 
p<0.001) in favour of doxycycline. Adverse events including nausea, diarrhoea and vomiting were 
reported by 33.8% (98/290) receiving doxycycline and 45.1% (134/297) azithromycin (risk difference=-
11.3%; 95%CI: -19.5 to -3.2). Chlamydial load at baseline was greater for those in the azithromycin arm 
who failed treatment compared to those who did not. 
Conclusions 
The efficacy of doxycycline was found to be substantially superior to azithromycin in the treatment of 
asymptomatic rectal chlamydia infection among MSM. Doxycycline must replace azithromycin as first-line 
treatment for asymptomatic rectal chlamydia. 
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Appendix B – Rectal Treatment Study materials 
Manual of Operating Procedures (MOOP) 
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Baseline questionnaire 
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Follow up questionnaire 
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Antibiotic treatment checklist 
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Eligibility checklist 
Participant Eligibility Checklist 

1. Age in years? _______ years old 

� Aged 16+    � Aged <16 ⇒ Not eligible 
2. Good understanding of English and able to give consent to the study? 

� Yes     � No ⇒ Not eligible 
3. Has a mobile phone and willing to answer surveys over SMS/online? 

� Yes     � No ⇒ Not eligible 
4. Current rectal infection detected as part of routine test for re-infection? 

� Yes ⇒ Not eligible   � No 
5. Any concurrent bacterial STIs other than chlamydia? 

� Yes ⇒ Not eligible   � No 
Use of antibiotics or roaccutane (isotretinoin) in the past 2 weeks? 

� Yes ⇒ Not eligible   � No 
 
If yes, name of antibiotic(s): ___________________________________________ 
 

Reason(s) for use: ___________________________________________________ 
 

6. Currently engaged in commercial sex work? 

� Yes ⇒ Not eligible   � No 
7. Known contraindications to the use of azithromycin or doxycycline? 

� Yes ⇒ Not eligible   � No 

FOR RESEARCH USE 

Now, please go through the PICF.  Overall, is the participant eligible and consents to this study? 

� Yes.  Study ID: ___________________ � No ⇒ Not eligible/No consent (please circle) 

Checklist for researcher:      Participant received:  

� PICF completed and clinic copy stored    �   PICF 
� Rectal samples taken, labeled and stored   �   Medication (Bottle 2) 
� Questionnaire completed and stored    �   SMS survey guide 
� First dose administered (Bottle 1)    �   Study card 
� Follow up appointment made. Date: ____ _____ /____ Time: ________  
� REDCap form completed  
� Notification email sent  
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Recruitment poster 
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Instructional for self-collected anal swabs 
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Website screenshots 
This section details the website made available to the public for more information regarding the trial. 

https://andrewlau38.wixsite.com/rectaltreatmentstudy 

 

 

https://andrewlau38.wixsite.com/rectaltreatmentstudy
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Images of kits and medication bottles

 

Top: Recruitment kit. Bottom: Follow up kit. 
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Above: Bottle 1 - Initial 2-tablet dose taken under supervision. Packaged with the recruitment kits. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Above: Bottle 2 – 13 dosages to be taken over the week by the participant.
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Appendix C – Supplementary material to Chapter 4 
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Appendix D – Supplementary material to Chapter 6 
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