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“The secret of happiness, you see,
Is not found in seeking more,
but in developing the capacity to enjoy less.”
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Chapter 1

Background

Chlamydia trachomatis (CT) is the most prevalent bacterial sexually transmitted infection (STI)

worldwide, both among high risk groups and the general population. The Centre of Disease

Control (CDC) reported about 1.5 million new infections in 2011 and numbers are still increasing

each year[1]. In Europe, the number of CT infections is increasing as well; the ECDC reports

more than 250 000 new cases each year[2]. CT infections can result in serious sequelae such as

pelvic inflammatory disease (PID), ectopic pregnancy and infertility in women, and urethritis and

epididymitis in men[3]. Moreover, CT infection can facilitate human immunodeficiency virus

(HIV] transmission[4].

Besides the urogenital tract, CT can also cause anorectal and oropharyngeal infections.

The majority of CT infections are asymptomatic; 50-80% of urogenital infections[5,6], 50-90% of

anorectal infections[6-8] and 98-100% of oropharyngeal infections[6,9-11]. The asymptomatic

nature of CT makes it hard to target infections in practice. CT control strategies are mainly

focused on primary prevention by sexual education and secondary prevention by active testing

and treatment[1]. Internationally, five major strategies are used for the prevention and control

of STls provided by the Centre of Disease Control (CDC) in the US:

e Accurate risk assessment, education and counselling of individuals at risk on ways to avoid
STls through changes in sexual behaviours and use of recommended prevention services.

e Pre-exposure vaccination of individuals at risk for vaccine-preventable STls.

e Evaluation, treatment, and counselling of sex partners of individuals who are infected with
an STI.

¢ l|dentification of asymptomatically infected individuals and of individuals with symptoms
associated with STls.

e Effective diagnosis, treatment, counselling and follow up of infected individuals.

This thesis focusses on the latter two strategies by an evaluation of the effectiveness of the

current procedures to control CT, i.e., the current testing practices and guidelines, and will

provide recommendations for future policy.

Chlamydia trachomatis bacterium

CT is a gram negative intracellular bacterium. Up to now, nineteen CT serovars have been iden-
tified. Serovars A-C mainly cause ocular infections, D-K mainly cause anogenital infections, and
the serovars L1-L3 cause the disease lymphogranuloma venereum (LGV][12,13]. After sexual
transmission, the elementary body (EB) form of the bacteria attaches and invades host-epithe-
lial cells. Within the cell, the EBs fuse to form a nascent inclusion. Within the inclusion, the EB

transforms into an intracellular form, a reticulate body (RB). The RBs are the metabolically
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active and replicative form of the pathogen. RBs replicate by binary fission and transform back
into EB form. The formed EBs are eventually released by exocytosis or host cell lysis[14]. The life
cycle of CT is shown in figure 1.

Figure 1: The life cycle of CT adapted from Margaret R. Hammerschlag in Pediatrics in Review 2004;25:43-51. N=nucleus,

EB=elementary body, RB=reticulate body
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CT Transmission

CT can be transmitted from mother to child or through sexual contact[1]. The incubation period
is usually between 7-14 days, depending on the diagnostic test used[15]. Urogenital CT trans-
mission depends on the number of sex partners and the number of unprotected sex acts within
a sexual partnership[16]. CT transmission can occur during vaginal sex but also during anal sex.
Transmission from the oropharynx to the urethra is another option, however, the transmission
probabilities per sex act are yet unknown[17]. Moreover, alternative transmission routes, for
example, fingers and toys, could possibly also play a role for both urogenital and anorectal
CT infections. The transmission ability of CT could be influenced by bacterial factors such as
virulence[18] and tissue tropism[13] or host factors such as an immune response[19] and co-
infections with for example HIV[20].
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The natural history of CT infection

Some CT infections clear without therapy, however these infections could have led to trans-
mission. Insight in the natural history of CT infections in men and women could be useful to
determine screening and rescreening intervals, timing of notification of test results and treat-
ment, and optimizing partner notification and treatment recommendations[21]. However, it is an
ethical challenge to study the natural history of CT infections in humans. Only one study from
Colombia collected prospective data of urogenital CT infections >1 year without treatment and
reported that 54% of the infections spontaneously cleared at 1 year[5]. Other studies used the
time between testing and treatment and reported urogenital CT clearance in women between
11-44%[22-26], which suggests some degree of protective immunity[21]. Studies looking into
the natural history of anorectal and oropharyngeal infections are scarce. The only study publis-
hed also uses the time between testing and treatment and reported clearance of CT infection in
18% (2/11) of anorectal infections and 50% (1/1) of oropharyngeal infections[27].

Diagnosis and treatment

CT testing has become widespread since the introduction of nucleic acid amplification tests
(NAATs), which can also be used for the detection of other STI like Neisseria gonorrhoea in the
same sample[28]. Since their introduction in the early 90s, NAATs are considered to be the gol-
den standard for urine, cervical swab and for vaginal swab specimens because of high sensiti-
vity and specificity[1]. The performance of NAAT on self-collected vaginal swab specimens is at
least as good as other approved specimens such as clinician taken swabs of the endocervix, and
this method is highly accepted by women[29]. NAATs are already widely used for anorectal and
oropharyngeal testing, despite the absence of FDA clearance[6]. However, anorectal and oro-
pharyngeal testing is performed rarely, especially in women, even when anal sex is reported[30].
Once CT infection is diagnosed using NAATs, subsequent treatment follows. Urogenital and
oropharyngeal CT infections are treated with single-dose azithromycin, which is the first choice
treatment in the US, the UK and the Netherlands[1,31,32]. Uncomplicated anorectal CT infec-
tions are treated with a 7-day course of doxycycline in the Netherlands[32]. In the UK and US,
azithromycin is considered an equal treatment for uncomplicated anorectal CT[1,31].

Clinical manifestations urogenital CT

Clinical studies focus on the urogenital area and show that CT primarily replicates within the

epithelium of the urethra of men and urethra and endocervix of women causing inflammation,
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edema, and mucosal discharge[14]. Nevertheless, the majority (80%) of urogenital CT infections
in women are asymptomatic[5]. In women, a possible complication of urogenital CT is pelvic in-
flammatory disease (PID], where CT ascends to the upper genital tract causes infection and in-
flammation of the uterus, fallopian tubes, and ovaries. Eventually this infection could cause
tubal factor infertility, ectopic pregnancy, chronic pelvic pain and infertility[33,34]. However, the
incidence and progression of PID and long term sequelae from an untreated CT infection have
not been fully determined[35]. Therefore, prospective studies assessing the progression rates of
both PID and reproductive sequelae among women acquiring (repeated) CT infection would be
useful to better understand the long term risks of urogenital CT infection[35]. However, desig-
ning such studies would be an ethical challenge.

In men, about half of CT infected individuals report symptoms, when symptoms are systemati-
cally asked for[3]. The most reported clinical symptom is urethritis, i.e., abnormal urethral
discharge, painful or frequent urination and epididymitis[36]. It is controversial whether or not
CT infection has adverse effects in men like prostatitis and male fertility[37].

Clinical manifestations extra-genital CT

Extra-genital CT infections, that is, anorectal and oropharyngeal infections, have the highest
proportion asymptomatic infections (up to 90-100% respectively)[6-10]. Pharyngitis could be a
complication of oropharyngeal CT. However, this is reported infrequently and none of the indivi-
duals who reported pharyngitis had oropharyngeal CT/NG in a study among STl clinic attendees
in the Netherlands[9]. Proctitis, i.e. anal itching, pain or discharge, could be a complication of
anorectal CT[1,38]. Moreover anorectal CT could facilitate HIV transmission[7]. Previous studies
did not find an association between anal symptoms and anorectal CT[7,9,10,30]. This accounts only
for non-lymphogranuloma venereum (LGV) anorectal CT infections. LGV is an invasive ulcerative
STl caused by CT biovar L. LGV can cause an anorectal syndrome characterized by severe proctitis
with anal cramps (tenesmus), pain, bloody discharge, and constipation caused by local edemal[39].
In women, LGV is very unusual, although systematic assessment of LGV in women is scarce.

International CT testing guidelines

Early detection of STl is an important feature of effective control efforts. This will result in both
individual health gains by preventing sequelae due to treatment, and public health gains by pre-
venting onward transmission into the population[40]. International guidelines are provided by
the CDC in the US. In the UK, the British Association for Sexual Health (BASHH) provides STI
guidelines in cooperation with the Clinical Effectiveness Group (CEG)[31,41,42]. In the Nether-
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lands, testing guidelines for general practitioners (GPs) in primary care are provided by the
Dutch GP association (NHG)[43]. Testing guidelines for the STl clinics are provided by STI AIDS
Netherlands in association with the Dutch association of venereology and dermatology (NVDV])

[32]. A summary of both international and national guidelines is provided in table 1.

Table 1: Brief overview of national and international CT testing guidelines

us

UK

the Netherlands

Women Annual screening Asymptomatic Youngsters are Youngsters who are
of all sexually active individuals based on considered to be at recently sexually active
women <25 years. individual risk for higher risk for CT. are considered to be at
infection. high risk for acquiring
Older women with risk urogenital CT.
behaviour such as
having a new sex partner
or multiple sex partners.
Heterosexual No routine urogenital ~ Asymptomatic Youngsters are Youngsters who are
men CT testing in sexually individuals based on considered to be at recently sexually

active heterosexual
young men.

Consider testing sexually
active young men in
clinical settings with high
prevalence of CT (for
example, adolescent
clinics, correctional
facilities, and STD clinics).

individual risk for
infection.

higher risk for CT.

active are considered
to be at high risk for
acquiring urogenital CT.

Extra-genital

Anorectal /
oropharyngeal CT
testing in individuals
who report receptive
anal intercourse/
receptive oral
intercourse
respectively.

Insufficient evidence
to advice anorectal
testing in heterosexual
men and women.

Anorectal testing in
CSW's who report
sexual behaviours
which may result in
rectal infection.

Based on sexual
history and reported
symptoms, anorectal
and/or oropharyngeal
testing should be
considered.

Anorectal CT testing in
individuals who report
receptive anal
intercourse.

MSM including
extra-genital

Urogenital testing after
insertive intercourse,
anorectal testing after
receptive anal
intercourse and
oropharyngeal testing
after receptive oral
intercourse, all regarding
the preceding year.

Anorectal testing in
MSM who report
sexual behaviours
which may result in
rectal infection.

MSM are considered to
be at higher risk for CT.

Extra-genital testing
based on sexual
history and reported
symptoms.

MSM are considered
to be at high risk for CT.

Anorectal CT testing
in individuals who
report receptive anal
intercourse.

Retesting

CT infected men and
women approximately
3 months after
treatment.

In case this is not
possible, CT infected
individuals should be
retested in the 12
months after initial
treatment, when they
attend medical care.

No specific
recommendations

for retesting are
made, except in young
individuals with a
history of NG; retesting
is recommended,
however the interval
has not been defined.

No statements are
included about
retesting (CT positive)
individuals.

No statements are
included about
retesting (CT positive)
individuals.
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Guidelines and policy in the Netherlands

In the Netherlands, a policy of proximity and easy access to healthcare has been implemented
to promote sexual health and to control transmission. Regular care for testing and treatment of
CT is provided by GPs, STlI-clinics and after referral by medical specialists (mainly gynaecolo-
gists)[44]. GPs are the core primary care-provider and all inhabitants are registered in a general
practice[45]. The role of the GP in CT testing is to focus on the general population. STl clinics are
subsidized by the Ministry of Health to maintain free anonymous low threshold care to risk
groups. Individuals are considered to belong to a risk group if they (1) report STI related
symptoms, (2) are notified or referred for STl testing, (3) are aged below 25 years, (4) are men
who have sex with men (MSM), (5] are involved in commercial sex, (6] originate from an STI/HIV
endemic country, (7) report three or more sexual partners in the past 6 months or (8) report a
partner from one of these risk groups. Up to 2012, all attendees were tested for CT, NG, and
syphilis on a mandatory base. Since 2012, youngsters <25 years who do not belong to another
risk group are only tested for CT. In case the test is positive, further testing for gonorrhoea,
syphilis and HIV will be offered[32]. For HIV testing there is an opt-out policy[46]. However, when
receptive anal sex is reported, blood tests for syphilis, hepatitis B and HIV are routinely perfor-
med[47]. STI clinics also offer extra-genital tests for example to MSM. It is assumed that GPs
offer extra-genital tests rarely to patients. Besides testing, the STl clinic also provides free sex
counselling and education, for example on sexual problems, contraception and pregnancy.
Trained STI nurses also provide partner notification, in case accepted by the client this could be
provider notification or patient notification.

CT screening

In 2002, England implemented the National Chlamydia Screening Programme (NCSP) which
uses opportunistic screening in primary care. Young people (15-24 years) are offered a CT test
when attending care, irrespective of reason for attending[48]. Annual coverage of the NCSP is
used to assess local delivery of this screening programme[49]. In 2010/2011 2.2 million CT tests
were performed in England, which is about 43% coverage. This was a 9% increase compared to
the previous year[50]. Of these 2.2 million tests, nearly 1.4 million were performed by the NCSP.
A mathematical model on the effectiveness of CT screening in England suggested that an
opportunistic screening programme could reduce CT prevalence within a few years by offering
screening to the entire eligible population of young people. However, this reduction in CT
prevalence depends on regular attendance at healthcare providers, and high quality data on
healthcare attendance is lacking[51].
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In the Netherlands, systematic population-based internet urogenital CT screening was initiated
in 2008 in Amsterdam, Rotterdam and South-Limburg, in addition to regular care. This register-
based internet enhanced urogenital CT screening program (CSl) aimed to improve case finding,
prevent sequelae and reduce population prevalence by annual testing and treatment of people
aged 16-29 years[52]. In South Limburg, eligibility for urogenital CT testing within the CT
screening programme depended on an individual's CT risk score. This risk score was based on
answers to an eight-item risk questionnaire [i.e. age, place of residence, education level, condom
use at last intercourse, number of lifetime sex contacts, ethnic background, having a new sexual
partner in the last 6 months and symptoms)[53]. When an individual was eligible, home sam-
pling kits for urogenital testing (urine or vaginal swab) could be requested through a website
(www.chlamydiatest.nl). Treatment and partner notification were done by the GP or at a STI
clinic[54]. In the first screening round, 261,025 invitations were send. Within 4 weeks after the
invitation was send, 11.9% requested a test kit. The remaining invitees were reminded after
which an additional 8.3% requested a test kit. A total of 52,741 kits were requested upon invita-
tion. In the urban areas the overall request rate was 20.5%, while in rural South Limburg this
was 13.8%, possibly due to the dependency on CT risk score. A total of 22.5% filled in the online
risk score and 63% were eligible. Overall urogenital CT positivity was 4.2%, this was signifi-
cantly higher among women compared to men (4.4% versus 3.8%) and higher among young
individuals (<20 years 7.3% versus 3.8%). Especially young girls tested positive for urogenital CT
more often (8%)][52]. Anorectal and oropharyngeal CT testing was not included in CT screening
programs in both the UK and the Netherlands. Participation rates in CT screening in the
Netherlands were relative low and for each screening round fewer participants were encountered.
It is not known whether these participants were already tested for CT by regular health care
providers. They might have been already familiar with STl care, or participants might have been
previously untested, revealing a hidden CT risk population.

Epidemiology of CT in the Netherlands

GPs and STI clinics have different systems for data registration. GPs use electronic medical
records (EMRs) with ICPC-codes (International Classification of Primary Care) for health
problems. However, a specific code for each STl test is lacking. For surveillance and studies, the
definition of CT is based on a combination of several codes and antibiotic prescriptions. Examples
of such codes are vaginitis, cervicitis, or PID in women and orchitis/epididymitis or ‘other genital
diseases’ in men[55]. Sex and test result are available in the GP database, however anatomic site
of testing and sexual behaviour are lacking. Prevalence data of GPs are calculated using general
practices participating in NIVEL Primary Care Database (NIVEL-PCD), which is a representative
sample of the Dutch population. The NIVEL monitors health and utilisation of health services by

20
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using routinely recorded data from health care providers.

A fourfold increase of the number of participating general practices in NIVEL-PCD in 2012 has
led to changes in definitions of episodes and in calculations of prevalence (i.e. more specific
selection of patient years), which caused an increase in nearly all STI numbers.

STI clinics in the Netherlands also use an electronic database for patients’ registration.
The national STI surveillance is organised in 8 Dutch Sexual Healthcare regions, with one
coordinating STl centre (part of a Public Health Service or ‘GGD’) per region. Data from all clinics
nationwide are reported to a register of the National Centre for Infectious Disease Control (Clb)
which is a part of the National Institute for Public Health and the Environment (RIVM]. The Clb
maintains the national STI surveillance (SOAP). In contrast to GP data, STl clinic data include
anatomic site of testing and more extensive data on sexual behaviour.

Up to 2010, the majority of patients with STl-related problems were seen in primary care.
A study among 75 GP practices in 2001 estimated 98.000 episodes related to STI/HIV care, in
contrast to 38.000 episodes in STI clinics[45]. In 2001, the Dutch National Survey of General
Practice included questions about STI and health seeking behaviour. The aim of these large
national surveys is to obtain information on health status, health-care utilization and quality of
primary care. Of all individuals, aged 18 years and older, reporting STl related symptoms 62%
visited the GP, followed by 20% who visited an STI clinic[45]. From 2010, the ratio CT tests
between GPs and STl centres is about 50/50, with approximately 100.000 tests in 2010 by each
provider. The proportion men/women tested by GPs and STl clinics was comparable (52%/48%).
In STI clinics, 33% were heterosexual males and 19% were MSM, this is unknown for GPs.

The overall CT positivity rates were also comparable between GPs and STl centres (15%)[55,56].

In 2013, the total number of consultations at STl clinics in the Netherlands was 133.585, which
was a 10% increase compared to 2012. Most consultations in 2013 were by youngsters <25 years
of age (49%), followed by individuals who originate from an STI/HIV endemic country (25%) and
MSM (21%). CT was the most diagnosed STl in 2013 with 15.767 new infections and a positivity
rate of 11.8%, which was slightly lower compared to 2012 (12.2%). Prevalence of CT was 12.8%
in heterosexual men, 9.6% in MSM and 12.2% in women. The largest proportion of CT was diag-
nosed among youngsters <25 years of age (61%). Youngsters aged 15-19 years had the highest
positivity rate; 19.7% in women and 17.1% in men. Individuals who reported a previous STI (NG,
CT and/or syphilis) and known HIV-positive MSM were also at high risk for CT (16.2% and 15.9%
respectively). Native Dutch STl-clinic attendees were the largest group tested, and the majority
of CT cases were diagnosed in this group. STI-clinic attendees of Surinamese or Dutch Antillean
descent had the highest overall positivity rate (15.3 and 17.8 per cent respectively]. In total,
16.301 youngsters <25 years who did not belong to an other risk group were tested for CT only,
7.8% tested positive and were further tested for other STI. Among these CT positives, 1.1% was
positive for NG, and all were tested negative for syphilis and HIV. The total number of tests and



Chapter 1

Figure 2: Total number of tests and positivity rate of CT by gender and sexual preference by STl clinics in the Netherlands,
2004-2013
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Figure 3: Estimated prevalence of episodes of CT at GPs by gender, based on extrapolation from practices in the surveillance
network of NIVEL-PCD, using the old method (2002-2011) and the new method (2010-2012)
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positivity rate of CT by sex and sexual preference in STl clinics in the Netherlands from 2004-
2013 is presented in figure 2.

GP data show that the total number of STl diagnoses and STl related episodes is higher compa-
red to the STI clinics. GPs also reach high risk groups such as heterosexual youngsters <25
years of age and individuals who originate from an STI/HIV endemic countries. However, fewer
specific groups such as MSM and commercial sex workers (CSWs) are reached by GPs.

The estimated number of CT episodes at GPs was 273 per 100.000 inhabitants in 2012.
An estimated 46.000 cases of CT were diagnosed at GPs annually between 2010-2012 (figure 3).
The estimated number of CT cases between 2010-2012 was calculated using the new method,
which has led to an increase in the number of cases. This is probably due to changes in definitions.

The estimated prevalence of CT episodes at GPs, by sex is presented in figure 3.

Extra-genital infections

STl clinics distinguish CT infections by different anatomic sites. Focus of (international) guidelines
is on urogenital CT testing. However, national data show that prevalence of extra-genital CT, i.e.,
anorectal and oropharyngeal CT, is also substantial among MSM and women. In women and
heterosexual men in 2013, prevalence of urogenital CT is highest with 11.5% and 12.7% respec-
tively. In MSM prevalence of anorectal CT is higher compared to urogenital and oropharyngeal
CT (8.2% versus 3.5% and 1.1%). However, prevalence of anorectal CT is also substantial in
women (10.2%) and anorectal CT was also found among heterosexual men (n=25] (table 2).

Aim of this thesis

The continuing high proportion of CT positives indicates that there are still challenges in STI
control. Despite various control measures, such as testing guidelines, CT screening and optimi-
zed delivery of (free, anonymous) STl care, CT testing and prevalence rates are continuing to
rise. Current gaps in knowledge include the distribution of CT tests and positivity per CT care
provider. Who tests whom and how can this be optimised? If care providers follow the guidelines,
would that be optimal CT care, or would there be CT infections missed? For example with current
worldwide selective testing for extra-genital CT, in contrast to routine universal urogenital testing.
This thesis focusses on an evaluation of the effectiveness of current testing practices and guide-
lines to control CT and will provide recommendations for future policy.

The research in this thesis is the result of collaboration between the Public Health Service
South Limburg (Academische Werkplaats Limburg) and the department of Medical Microbiology
Maastricht University Medical centre within rersearch school CAPHRI to connect research,
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policy and practice. Further collaborations include the Public Health Service Amsterdam, Public
Health Service Rotterdam, the National Institute for Public Health and the Environment (RIVM],
and STI/AIDS Netherlands. The public health gain of this collaboration is a more evidence-based

practice by state of the art research which focusses on current challenges in care.

Table 2: Number and percentage of positive tests for CT by anatomic location, gender and sexual preference by STl clinics
in the Netherlands, 2007-2013. Adapted from; van Aar F, Koedijk FDH, van den Broek IVF, Op de Coul ELM, Soetens LC,
Woestenberg PJ, Heijne JCM, van Sighem Al, Nielen MMJ, van Benthem BHB. “Sexually transmitted infections in the

Netherlands in 2013"

2008

n positive
(%)

2009
n positive
(%)

2010

n positive

(%)

2011

n positive

(%)

2012

n positive

(%)

2013
n positive
(%)

Heterosexual men

Urogenital 3343

(10.6)
Anorectal 2
(0.8)
Oral 6
(1.1)
MSM
Urogenital 651
(4.8)
Anorectal 1046
(11.7)
Oral 72
(2.1)

Women

Urogenital 4385

(10.3)
Anorectal 328

(9.4)
Oral 134

(2.3)

3480
(10.8)

7
(1.6)

4
(0.5)

661
(4.1)

1081
(9.5)

81
(1.5)

4521
(10.3)

380
(9.2)

214
(2.9)

3922
(11.3)

13
(2.8)

10
(1.0)

790
(4.1)

1381
(9.5)

134
(1.8)

5386
(10.7)

439
(9.2)

239
(2.6)

4434
(11.9)

17
(2.8)

"
(0.8)

852
(3.9)

1537
(9.1)

218
(1.2)

6109
(11.4)

551
(9.3)

416
(2.8)

5052
(13.2)

22
(3.3)

18
(1.3)

875
(3,6)

1800
(9.1)

272
(1.3)

6736
(11.6)

740
(9.5)

586
(3.4)

5154
(12.7)

25
(2.9)

20
(1.2)

954
(3.5)

1856
(8.2)

264
(1.1

7498
(11.5)

1028
(10.2)

719
(3.3)

Heterosexual men and women are not often tested anorectally or orally, therefore the fluctuation of positivity rates through
the years has to be interpreted with caution. Please note that people can have positive tests at multiple locations.
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Outline of this thesis

The aim of this thesis is to optimize CT control strategies by evaluating of the effectiveness of the
current testing practices and guidelines. Several strategies have been implemented to control
CT, for example a population based CT screening programme among young people. Chapter 2
assesses the added value of this screening programme to reach young people in addition to
regular care. Chapter 3 provides an overview of CT testing practices among young people in one
geographical region. The key question in this chapter is ‘Who tests whom?’, with respect to the
distribution of CT tests per test provider, positivity rates and a range of demographics.

Current guidelines advocate selective symptom- and sexual history-based anorectal testing.
This CT control strategy is evaluated in chapter 4 using routine systematic testing among two
high-risk populations; men who have sex with men (MSM] and swingers. In addition to these
high-risk groups, chapter 6 evaluates this strategy in women who visited the STl clinic. To gain
further insight in extra-genital infections, chapter 5 describes the anatomical site distribution of
CT and NG by routine systematic testing in MSM and high-risk women. In addition, chapter 7
looks further into rectal-only infections by assessing their prevalence and risk factors in a large
group of MSM and women.

Chapter 8 provides insight in anorectal CT infections on a molecular level using bacterial load
determination. This chapter compares anorectal CT load between MSM, women who reported

anal sex and women who did not report anal sex.

In chapter 9 the main findings of this thesis are discussed and recommendations for policy and
future research are provided.
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Abstract

Introduction

Internet-based Chlamydia Screening Implementation (chlamydia screening programme)
was introduced in the Netherlands in 2008-2010 to detect and treat asymptomatic infections
and to limit ongoing transmission through annual testing and treatment of Chlamydia
trachomatis in young people (16-29 years). This population-based screening may be less
effective when addressing individuals who are already covered by regular care, instead of
addressing a hidden key population without chlamydia testing experience in regular care.
This study had two aims: (1) to assess the rate and determinants of newly reached (i.e. not
previously tested in 2006-2010) participants in the chlamydia screening programme, and (2)
to assess the chlamydia positivity in these newly reached participants.

Methods

This observational matching study included all chlamydia tests performed in subjects aged
16-29 years in eastern South Limburg in the Netherlands (population 16-29 years: 41000)
between 2006-2010. Testing was conducted during the systematic chlamydia screening
programme (2008-2010), at a sexually transmitted infections clinic (STI clinic), by general
practitioners (GPs), and by medical specialists as reported by the medical laboratory
serving the region. Data were matched between testing services on individual level. The
study population included all participants who were tested at least once for chlamydia by
the chlamydia screening programme. Participants were included at their first chlamydia
screening participation.

Results

In the chlamydia screening programme, 80.7% (4298/5323) of participants were newly
reached, others were previously tested by the STI clinic (5.7%, n=304), GPs (6.2%, n=328],
medical specialists (3.5%, n=187) or a combination of providers (3.9%, n=206). Chlamydia
prevalence was similar in newly reached participants (4.8%, 204/4298) and participants
previously tested (4.5%, 46/1025, P=0.82). Independent determinants for being a newly
reached participant were male gender (men OR 2.9; 95% Cl 2.5-3.4) and young age <21
years (versus 25-29 years OR 1.8; 95% Cl 1.5-2.2).

Discussion

The majority of the chlamydia screening programme participants have not been tested by
regular care, and show similar chlamydia prevalence as those previously tested. Thereby
population-based chlamydia screening adds to the existing regular care by testing young
individuals hidden to current regular care.
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Introduction

Chlamydia is the most prevalent treatable sexually transmitted infection worldwide and has
major public health consequences, especially in young women [1]. Early detection and
treatment is warranted to limit the spread of infection and to reduce sequelae in infected indivi-
duals. A possible complication is pelvic inflammatory disease, where Chlamydia trachomatis
ascends to the upper genital tract causing tubal factor infertility and ectopic pregnancy. In the
Netherlands the regular care for testing and treatment of chlamydia is provided by general
practitioners (GPs), sexually transmitted infections (STI) clinics and after referral by medical
specialists (mainly gynaecologists) [2]. Thus regular care providers are GP's, STI clinics and
medical specialists. Systematic population-based internet chlamydia screening was initiated
in 2008 and aimed to improve case finding to prevent sequelae and to reduce population
prevalence by annual testing and treatment of people aged 16-29 years in three regions in the
Netherlands. The choice for targeting 16 to 29-year-olds in the additional chlamydia screening
programme was based on the highest burden of chlamydia infection among these young people
[3, 4]. After a postal invitation, home sampling kits for urogenital testing (urine or vaginal swab)
could be requested through a website (www.chlamydiatest.nl). Treatment and partner notifica-
tion were done by the GP or at a STl clinic [5]. The rationale for the chosen approach in the
chlamydia screening programme were based on existing evidence for screening programmes,
costs, flexible communication, easy adaptation of the screening in time and the possibility of
easy expansion to other geographic areas in the future[6]. Moreover, acceptability of the
screening method using internet was high [7].

Keystones for an effective large-scale screening programme are achieving adequate levels of
participation [8] and capturing substantial numbers of new (chlamydia positive) participants in
addition to regular care like STl clinics and general practitioners (GPs). To understand and inter-
pret the outcome of chlamydia screening, knowing who takes part in the chlamydia screening
programme is essential [9]. By assessing the totality of chlamydia testing practices, it becomes
clear whether the chlamydia screening programme reached persons already served by regular
care or a hidden key population without chlamydia testing experience in regular care. Chlamydia
screening would become less effective when reaching those who were already tested by regular
care. Therefore chlamydia screening should target this hidden key population to prevent chla-
mydia sequelae in individuals and to diminish further spread of chlamydia in the population
additional to the efforts in regular care. Publications assessing the totality of chlamydia testing
practices including additional chlamydia screening in a programme are limited [10, 11], as such
an assessment is frequently hampered by unavailability of data or unmatchable data sources.
Therefore the rationale of this study was to bridge this gap and evaluate this second keystone by
using a near complete large data collection of matched test data sources in the target region
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for the chlamydia screening programme. This study had two aims: (1) to assess the rate and
determinants of newly reached men and women aged 16-29 years in the chlamydia screening
programme in eastern South Limburg, and (2] to assess the chlamydia positivity in these newly
reached men and women.

Methods

Systematic chlamydia screening in the Netherlands

The Dutch chlamydia screening programme used systematic-population-based internet chla-
mydia screening in three regions of the Netherlands, including the eastern South Limburg study
area. The intervention was implemented by means of a stepped wedge design, with sequential
roll out to geographical clusters of potential participants in a randomly determined order over
time so that, by the end of the three year study period, each cluster had been invited at least
once. The stepped wedge design was chosen to be able to evaluate participation and effective-
ness over several rounds of screening. In three screening rounds from 2008-2010, all men and
women aged 16-29 years who were listed in the study area’s municipal population register
(n=41,000, 2010) were sent an invitation letter [5]. In our study area South Limburg, eligibility for
chlamydia testing within the chlamydia screening programme depended on an individual's
chlamydia risk score. This risk score was based on answers to an eight-item risk questionnaire
(i.e. age, place of residence, education level, condom use at last intercourse, number of lifetime
sex contacts, ethnic background, having a new sexual partner in the last 6 months and symptoms)
[12]. When a person was eligible, home sampling kits for urogenital testing could be requested
through a website (www.chlamydiatest.nl). Chlamydia screening participants could provide
additional data via an optional electronic general questionnaire (hereafter questionnaire).

Study design; data collection and matching

Three data sources were used for all the men and women aged 16-29 years who were tested for
chlamydia in the study area between 2006 and 2010: the chlamydia screening programme, an
STI clinic, and the medical laboratory [13]. Data from GPs and medical specialists (mainly
gynaecologists) were obtained from the regional medical microbiology laboratory covering the
study area (>95%). Data from the STI clinic were retrieved from our public health STI clinic’s
medical records comprising confirmed test results. The basis for data matching was the muni-
cipal population register, which included men and women aged 16-29 years who were invited for
and tested in the chlamydia screening programme. Data from GPs and medical specialists were
uniquely matched to the register on personal level by part of the last name, month of birth, year
of birth, sex, and postal code. Part of the test records had identical part of the last name, month
of birth, year of birth, sex, and postal code. These records were considered to belong to the same
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individual, and were matched to the identical municipal population register record. For chlamy-
dia screening participants, a ranking order was assigned to all matched records from GPs and
medical specialists (medical laboratory) for sensitivity analyses. Data from the STl clinic were all
matched uniquely to the register based on the whole name and date of birth (figure 1).

Figure 1: Flow diagram of the data matching and study procedures

Municipal population register

N=41000 persons

Matching
Ton1-100%

STl clinic Matching Chlamydia screening Matching GPs and hospital
2006 - 2010 Ton1-100% programme Ton1 -87.6% 2006 - 2010
N=4821 2008 - 2010 Ton2 -10.7% N=16.717
N=5323 persons Ton3 -1.6%
lon4 -0.1%

Newly reached participants Previously tested participants
N=4298 (80.7%) N=1025 (19.3%)
CT: 4.7% CT: 4.5%

Data from the STl clinic, the chlamydia screening programme, GPs and the hospital were matched at individual level
to the municipal population register. Data from the ST/ clinic and the chlamydia screening programme were matched
uniquely. Data from GPs and hospital were matched by probabilistic algorithmic matching. The study population
included all participants who were screened at least once for chlamydia (n=5395).
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Study population

The study population included all participants who were tested at least once for chlamydia by the
chlamydia screening programme. Participants were included at their first chlamydia screening
participation. Data on sex, age, and test result were available for all participants, data on same-sex
behaviour, symptoms and number of sex partners in the past six months was only available
for participants who filled in questionnaire. Variables used for analyses were sex, age (<21,
22-24,25-29 years (reference), based on tertiles), test result, nationality (Western vs. non-Western),
same-sex behaviour (men who have sex with men, heterosexual men and women (referencel),
symptoms, and number of sex partners in the past six months (1, 2, =3, based on tertiles).

Chlamydia trachomatis diagnosis

Specimens tested by the chlamydia screening programme and at the STl clinic came from mostly
self-collected vaginal swabs and urine. GPs and medical specialists used mostly clinician-
collected urethral and cervical swabs. The STl clinic, GPs, and medical specialists used SDA and
PCR for Chlamydia trachomatis testing (Becton Dickinson ProbeTec ET system, Maryland,
USA and from 6-1-2010 Abbott M2000, Illinois, USA). The chlamydia screening programme
used PCR (Roche Cobas Tagman, California, USAJ. All tests were performed according to the
manufacturers’ protocols.

Analysis

At the first chlamydia screening participation, we assessed whether participants were previ-
ously tested by one or more regular care providers between 2006-2010 based on matched data.
Participants who were not previously tested were defined as ‘newly reached participant’. The
proportion of positive chlamydia tests was compared between newly reached participants and
previously tested participants using a Chi-square test; adjusting for age and gender did not
change the results. Logistic regression analysis was performed: being a newly reached partici-
pant was used as the outcome to assess the association with the determinants age, sex, natio-
nality and test result. To assess the association between newly reached participant and determi-
nants from the questionnaire, the second analysis was restricted to participants with a
questionnaire. Assessed determinants included age, sex, nationality, sexual preference,
symptoms, number of sex partners in the past six months and test result. To test for selection
bias, age, sex, nationality, test result and newly reached participant were compared between
participants with and without questionnaire using Chi square test. Independent determinants
were assessed by multivariable analyses using stepwise backward selection. Interactions terms
were added in the multivariable model but none were statistically significant and they were not
included in the final model. All analyses were adjusted for year of invitation for the chlamydia
screening. A p value <0.05 was considered to be statistically significant. Analyses were perfor-
med using the SPSS package version 20 (IBM Inc. Somers, New York, USA).
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Ethics Statement

Participants, including minors (16-18 years-old), provided written consent to participate in this
study, including consent for further research. No written consent was obtained from next of kin,
caretakers, or guardians on behalf of the minors enrolled in the study. The Medical Ethics
Committee of the VU University Amsterdam (Identification number 2007/239) approved the
chlamydia screening trial. The Medical Ethics Committee of Maastricht University (Identification
number 12-4-042) approved the study, including the consent procedure and data matching.

Results

Data matching

The STI clinic database comprised 4821 young people (16-29 years), the GP and hospital data-
base comprised 16.717 young people. In total 41.000 young people were invited for chlamydia
screening, 5395 participated at least once (13.2%). Participants who were 16 years old at the first
chlamydia screening (n = 72) were excluded from analysis because there were no previous
testing data available from regular care providers. The study population comprised 5323 partici-
pants (participation 13.0%). Of all test records matched from GPs and medical specialists with
the chlamydia screening participants in the municipal population register (n=1287), 87.6%
(n = 1127) were matched uniquely, 10.7% (n = 138) were matched 1 on 2, 1.6% (n = 21) were
matched 1 on 3, and 0.1% (n = 1) was matched 1 on 4. Data from the STl clinic were all uniquely
(1 on 1) matched based on first name, last name, date of birth, sex, and postal code (n = 422). In
total, 90.6% (1549/1709) of data were uniquely matched (1 on 1) (figure 1).

Study population

The largest proportion of participants consisted of participants 25-29 years of age, followed by
participants of 22-24 years of age. Two thirds of participants were women, and the majority had
Western nationality (>95%]. In total, 59.1% (n = 3162) of participants filled in the questionnaire.
Participants without questionnaire were older, more often men, more often had non-Western
nationality and had lower chlamydia prevalence compared to participants with questionnaire
(table 1).
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Table 1: Characteristics of chlamydia screening programme participants without and with questionnaire

Variables Participants Participants
without questionnaire with questionnaire

N=2161 N=3162

Age

<21 24.2(523) 28.7 (906)* 26.8(1429)

22-24 36.1(781) 34.2(1081) 35.0 (1862)

25-29 39.7(857) 37.2(1175) 38.2(2032)
Sex

Men 42.5(919) 29.1(919)* 34.5(1838)

Women 57.5 (1242) 70.9 (2243) 65.5 (3485)
Nationality

Non-Western 3.8(81) 2.0 (64)* 2.7 (145)
Chlamydia

Yes 2.9 (63) 5.9 (181)* 4.7 (250)

Newly reached participant

Yes 80.8 (1746) 80.7 (2552) 80.7 (4298)

* P<0.01

Newly reached participants

In the chlamydia screening programme, 80.7% (4298/5323) of participants were newly reached
(not previously tested). The other participants had been tested previously at least once: 5.7%
(304/5323) by the STl clinic, 6.2% (328/5323) by GPs, 3.5% (187/5323) by medical specialists, and
3.9% (206/5323) by a combination of providers. The proportion of newly reached participants was
comparable in participants with and without questionnaire (table 1). Of all previous tests, 2.7%
(n = 28] were tested within 3 months before chlamydia screening participation.

Determinants newly reached participants

In multivariable analyses, independent determinants for a newly reached participant were male gen-
der and young age. Nationality and test result were not associated. In restricted analyses including
questionnaire data, further identified independent determinants for newly reached participants were
young age, having had 1 or 2 sex partners (compared to 3 sex partners), being a man who had sex
with men (MSM], and being a heterosexual man (compared to women). Sex, symptoms, or test result
(see section below) were not associated [table 2).
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Table 2: Characteristics of newly reached participants and previously tested participants

Variables

<21

22-24

25-29
Sex

Men

Women
Chlamydia

Yes

No
Nationality

Non-Western

Western

Ristricted
Aanalysis

<21

22-24

25-29
Sex

Men

Women
Chlamydia

Yes

No

Newly reached
participants

N=4298

% [n]

28.7 (1233)
33.8(1451)
37.6 (1614)

38.3 (1646)
61.7 (2652)

4.8(204)

2.6 (111)
96.7 (990)

Newly reached
participants

N=2552

% [n]

30.7(783)
33.0(842)
36.3(927)

32.4(827)
67.6 (1725)

5.9 (150)
94.1(2402)

Previously
tested

N=1025

% (n)

19.1(196)
40.1(411)
40.8 (418)

18.7 (192)
81.3(833)

4.5 (46)

3.3(34)
97.4 (4159)

Previously
tested

N=610

% (n)

20.2(123)

39.2(239)
40.7 (248)

15.1(92)
84.9 (518)

6.1(37)
93.9 (573)

Unadjusted
OR

(95% Cl)

1.63 (1.4-2.0)
0.9 (0.8-1.1)
1

2.7(2.3-3.2)
1

1.1(0.8-1.5)
1

0.8(0.5-1.2)
1

Unadjusted
OR

(95% Cl)

1.7 (1.4-2.2)
0.9 (0.8-1.2)
1

2.7(2.1-3.4)
1

1.0 (0.7-1.4)
1

Adjusted
OR

(95% Cl)
1.8(1.5-2.2)
1.0(0.8-1.1)

1

2.9 (2.5-3.4)
1

ns

ns

Adjusted
OR

(95% CI)
1.7(1.3-2.2)
1.0(0.8-1.2)

1

ns

ns

P value

<0.001
0.56

<0.001

<0.001

0.78
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Restricted Newly reached  Previously Unadjusted Adjusted P value
analyses participants tested OR OR

N=2552 N=610

Sexual preferences

Men who have sex with men 1.7 (39) 0.9 (5) 2.3(0.9-5.9) 4.0(1.6-10.6) <0.01
Heterosexual men 30.4 (715) 13.8(77) 2.8(2.2-3.6) 3.3(2.6-4.3) <0.001
Women 67.9 (1598) 85.3 (477) 1 1

Sex partners

1 73.3(1713) 63.8(353) 1.8 (1.4-2.4) 2.6 (1.9-3.4) <0.001
2 15.9 (371) 19.2 (106) 1.3(0.9-1.8) 1.7 (1.2-2.4) <0.01
=3 10.8 (253) 17.0 (94) 1 1

Symptoms
Yes 2.4(62) 3.0(18) 1.3(0.8-2.1) ns
No 97.6 (2490) 97.0 (592) 1

Crude percentages and independent determinants for being a newly reached participant in univariate and multivariable
analyses. Analyses were corrected for age, sex, and year of invitation. Restricted analyses include questionnaire data and
were corrected for age, sexual preference, number of sex partners, and year of invitation.

Discussion

This study assessed the totality of chlamydia tests in one geographic region by matching all
chlamydia testing data to the municipal population register, including testing by systematic
population-based chlamydia screening, the STl clinic, GPs and medical specialists.

The chlamydia screening programme predominantly addressed new, previously untested, young
participants who were not reached by regular care (81%) and who had similar urogenital
chlamydia prevalence as participants previously tested elsewhere (4.8% vs. 4.5%). Therefore, we
can conclude that the chlamydia screening programme adds to the existing regular care by
revealing a so-far hidden population.

In this study, all chlamydia tests were collected: by regular care (GPs, STI clinic and medical
specialists) and by intervention (chlamydia screening). There was no specific promotion of
chlamydia testing during the chlamydia screening period that could have biased our results [5].
Previous studies also matched data from sexually transmitted infections/medical conditions
diagnosed in several care settings to assess the proportion positives [11], births [14], ectopic
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pregnancies [14, 15], and reproductive capacity [15] after a chlamydia test. Our study adds to
these previous studies by using the municipal population register which covers the entire popu-
lation young people in one geographic region. This enabled assessing the totality of chlamydia
testing, which was previously unknown [10].

Previous studies analysed participants in the English National Chlamydia Screening Program-
me (NCSP) and part of the Dutch systematic chlamydia screening programme. The NCSP is an
opportunistic screening programme that offers chlamydia screening to eligible, sexually active
individuals younger than 25 years when they attend consultations at specified health care, or
other, settings [16]. Socio-demographic factors associated with participation in England were
female gender and younger age [17]. Moreover, coverage was higher in deprived populations
[18]. In the urbanised regions in the Netherlands, excluding this South Limburg study area,
these factors were female gender and older age [8]. Separate analyses of South Limburg data
gave similar results: female gender and older age were associated with participation (data not
shown). In this study, newly reached participants turned out to be more often men, young (<21
years), and had had fewer sex partners compared to participants previously tested by regular
care. This is important since men are usually harder to reach in screening programmes [16].
A possible explanation for this could be that men prefer testing in non-clinical settings such as
postal testing kits and internet based screening [19]. In England only 15% of young men were
tested for chlamydia last year in contrast to 35% of young women [20]. A qualitative study
examining the barriers and facilitators of offering chlamydia testing in general practitioners
(GPs) and practice nurses revealed that women have more consultations and it is easier to raise
sexual health issues within the type of consultations women are seeking. Moreover, awkward-
ness and embarrassment were reported in raising chlamydia screening with men [21]. Another
study found that GPs are reluctant to test young people for chlamydia in absence of urogenital
symptoms [22]. Altogether, internet based screening could be helpful to stimulate especially
young men [23]. New e-health strategies could provide more insight in the sexual and testing
behaviour of young people [24].

Younger age is known to be associated with testing positive for chlamydia [8, 20], this makes
young people a target group to reach in chlamydia screening. New participants had fewer sex
partners, an explanation could be that people with more sex partners are more likely to attend
STl clinics [25].

The chlamydia prevalence of newly reached participants was comparable to that of participants
previously tested by regular care, and groups tested in other healthcare settings such as the STD
clinic [26] and GPs [27]. This indicates that the chlamydia screening programme complements
regular care in detecting chlamydia positives.
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Sex was associated with being a newly reached participant in overall analyses, but not in additi-
onal analyses on questionnaire data. A possible explanation could be that a smaller proportion
of men filled in the questionnaire compared to women. Being MSM was associated with being a
newly reached participant, although this key population needs additional extra genital testing to
fully address their risk behaviour [26]. Chlamydia testing was limited to urogenital site, which
might underestimate the true burden of chlamydia as other studies showed that prevalence of
anorectal chlamydia is substantial in both MSM and women [26, 28, 29].

This study has several limitations. First, it consists of not 100% uniquely matched data but 91%.
The last 9% was matched using test records with identical markers from GPs and medical
specialists. This slight inaccuracy might have introduced some bias and could lead to an unde-
restimation of the proportion new participants. However, we expect this bias to be negligible as
a sensitivity analysis on uniquely matched data revealed similar results. Unfortunately, data
from care providers were only available for a restricted timeframe (2006-2010), limiting our re-
sults. It is possible that newly reached participants could have visited regular care before 2006.

Another limitation is that additional data on sexual behaviour was only available for the group
that filled in extra self-administered questionnaires, which could lead to bias for the restricted
data analysis. However, odds ratios for age were similar for the main analysis and the restricted
data analysis (see table 1), indicating that bias was unlikely.

The study area itself was another limitation. The eastern South Limburg region in the Nether-
lands is the first study area with sufficient and matchable data sources that can be used to
assess the totality of chlamydia testing. However, this region is partly rural and it is unknown
where data can be extrapolated to other participation regions that are more urban, such as Am-
sterdam and Rotterdam. We have to acknowledge that the generalizability of our results might
be confined as screening programmes in different countries vary widely because of
differences in recruitment methods, sample frames and participation rates. Moreover, not all
persons in eastern South Limburg requesting chlamydia testing through the website were eligi-
ble due to the individuals' chlamydia risk score. This may have led to higher positivity rates
compared to systematic screening [12]. In a postal non-response study, no indications were
found that participation in the screening was hampered by limited access to the internet. Non
response to the screening was largely based on perceptions of individual risk [6].
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Conclusions

This study contributes to understanding the impact of chlamydia screening in reaching previ-
ously untested young people. In this study, chlamydia screening reached a hidden key population
of young men and women who had never been tested before and who as a group showed a
prevalence of chlamydia comparable to clinical settings.
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Abstract

Introduction

To evaluate and compare Chlamydia trachomatis (CT) diagnostic test practices of different
sexually transmitted infection (STI) care providers in 16-29 year-olds from one defined
geographic Dutch region (280000 inhabitants). Both number and proportion of positive CT
tests (test positivity) were assessed, and factors associated with these outcomes.

Methods

Data on laboratory testing and diagnosis of urogenital, anorectal and oropharyngeal CT
between 2006 and 2010 were retrieved from general practitioners (GPs), gynaecologists,
an STI clinic and a population-based chlamydia screening programme. Multivariable
regression analyses explored associations between age, sex, test year, socio-economic status
(SES), and STl care provider and the outcomes being the number of tests and test positivity.

Results

Overall, 22831 tests were performed (1868 positive; 8.2%). Extra-genital (anorectal and
oropharyngeal) tests accounted for 4% of all tests (7.5% positive) and were almost exclusi-
vely (99%) performed by the STl clinic. STl clinics tested most men (37.2% of all tested men),
whereas GPs tested most women (29.9% of all tested women). GPs and STl clinics accounted
for 73.3% (1326/1808) of urogenital CT diagnoses.

In women, the number of tests increased with age, whereas test positivity decreased for all
STl care providers. Lower SES was associated with higher test positivity in GP and gynaecology
patients.

Discussion

STl clinics performed most CT tests in men, whereas GPs performed most CT tests in women.
GPs and STI clinics accounted for the majority of positives. Extra-genital CT testing is rarely
performed outside the STl clinic and needs to be promoted, especially in men who have sex
with men.
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Introduction

Chlamydia trachomatis [CT]is the most common bacterial sexually transmitted infection (STI) in
Europe. The proportion of positive CT tests is generally 5-10% in sexually active young people[1].
The high proportion of asymptomatic episodes, result in many undiagnosed CT infections[1].
If left untreated, CT can lead to several adverse sequelae, such as pelvic inflammatory disease
(PID), and infertility[2].

Dutch STl care is organised in a similar way as in the UK [3] and Australia,[4] with a major role
for public health care, that is, STl clinics, and general practitioners (GPs). These STl clinics serve
specific high-risk groups, including young people (aged <25). In hospitals, CT tests are predomi-
nantly performed by gynaecologists as part of a diagnostic work-up in fertility counselling,
before inserting intra-uterine devices, or as part of the diagnostic evaluation of suspected PID.
In addition to regular STI care as described above, CT screening programmes have been
established, such as in the UK and the Netherlands[5,6]. Each of these STI care providers or
programmes will contribute to CT control, yet a comprehensive assessment of their relative
contribution in terms of testing, diagnosis, and the populations that they serve, is thus far
unavailable. Sentinel data from Dutch GPs suggests that GPs diagnose the lion’s share of CT
cases, with estimates reaching 70% (versus 30% in STI clinics)[7]. Data from the National
Chlamydia Screening Programme (year 2013) in the UK (15-24 year-olds), show that the
contribution of GPs seems smaller, accounting for 14% of all positive tests (versus >40%
by genitourinary (GUM) clinics)[8]. Recently, an extensive evaluation of Australian CT surveil-
lance was performed, although not providing the relative contribution of the different STI care
providers[9]. Moreover, the contribution of other STl care providers (eg, gynaecologists) has not

yet been explored.

The determinants age[9], sex[9] and socio-economic status (SES)[10] have all been associated
with CT test practice, that is, the number of tests performed and the proportion of positive tests,
although it is unknown whether these associations differ between Dutch STl care providers.
While CT control strategies focus on urogenital CT testing, men who have sex with men (MSM])
guidelines recommend that extra-genital testing is also performed[11]. In addition, the preva-
lence of anorectal CT in women attending STl clinics has been shown to be similar to that in MSM
(up to 15% in women[12,13] vs 14% in MSM][14]. Moreover, >80% of all anorectal infections
in MSM, and 20% in women attending STl clinics, are isolated and, thus, will be missed by uro-
genital testing alone[15]. Prevalence of oropharyngeal CT is lower: 1% in women[13,16] and 3%
in MSM[14]. These figures illustrate that extra-genital CT could contribute to CT transmission
and CT-related morbidity[13,16].
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Here, we aimed to provide a comprehensive description of Dutch CT urogenital and extra-genital
test practices of the following STI care providers: GPs, an STI clinic, gynaecologists and a
population-based chlamydia screening programme (here onwards referred to as ‘chlamydia
screening’). We examined data from 16-29 year olds from one defined geographic Dutch region
from 2006 to 2010. We assessed the number of CT tests and the proportion of positive tests
(here onwards referred to as ‘test positivity’) across providers. Hence, this shows the relative
contribution of different providers regarding urogenital and extra-genital CT control. We also
examined the type of populations served regarding age, sex and SES.

Methods

Study population

We used three data sources to obtain all CT tests from January 2006 to August 2010: STI clinic
(n=28591), chlamydia screening (n=6489), and the medical laboratory serving both GPs and
hospital physicians (n=24902). All data sources covered a nearly complete (>95%) region in
the southern part of the Netherlands (Parkstad, eastern South Limburg). From 2006 to 2010,
Parkstad had a population of 41000 16-29 year-olds (total population: 280000; http://www.cbs.nl).
STl clinic data were retrieved from our own public health STI clinic medical records. Data from
the municipal population register included persons aged 16-29 years who had been tested
during chlamydia screening. This programme used systematic-population-based internet
chlamydia screening with a randomised stepped wedge approach. It consisted of three screening
rounds (from 2008 to 2010) among 16-29 year-olds in three Dutch regions, including Parkstad.
Details of chlamydia screening have been described elsewhere[5,17]. Eligibility for chlamydia
testing in Parkstad was dependent on an individual's chlamydia risk score, calculated using an
eight-item questionnaire (assessing age, place of residence, education level, condom use at last
intercourse, number of lifetime sex contacts, ethnic background, having a new sexual partner in
the last six months, and symptoms)[18].

All data sources provided age, sex, and four-digit postal code of the tested person, as well as
date, anatomic location and result of the test. Using postal code and age, records were selected
of patients aged 16-29 years living in Parkstad. Hospital physicians included 14 different
specialties of which gynaecology was predominant (90.9%). In order to reduce heterogeneity
between hospital physicians, tests by non-gynaecology medical specialties, that is, 458 urogeni-
tal CT tests, were excluded from analyses. This resulted in 22831 tests for analyses: STl clinic
(n=5475), chlamydia screening (n=6427), and GPs and gynaecologists (n=10929) (figure 1).
Dutch SES scores were extracted per postal code area and are based on national data on
income, educational level and employment (http://www.scp.nlJ[19].
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CT diagnosis

Most specimens tested during chlamydia screening and at the STI clinic were self-collected
vaginal swabs and urine. GPs and gynaecologists predominantly used clinician-collected urethral
and cervical swabs. Anorectal (mainly self-collected) and oropharyngeal (mainly provider-
collected) swabs were used for testing these respective anatomical locations. The STl clinic, GPs
and gynaecologists all used strand displacement amplification and PCR for CT testing (Becton
Dickinson ProbeTec ET system, Maryland, USA, and from 6-1-2010 Abbott M2000, Illinois, USA].
Chlamydia screening used PCR (Roche Cobas Tagman, California, USA). All tests were performed
according to the manufacturer’s protocols.

Statistical analyses

First, a descriptive analysis was performed to assess the contribution of each STl care provider
regarding the number of tests performed and positives diagnosed.

Second, to assess factors associated with the number of CT tests performed and test positivity,
multivariable Poisson and logistic regression analyses were performed, respectively, including
provider (GP, STI clinic, gynaecologists and chlamydia screening), age (16-21, 22-24 and
25-29)[20], SES (low, middle and high, based on tertiles), and test calendar year (continuous).
Denominator data for all subgroups included in Poisson regression analyses were retrieved
from Statistics Netherlands (www.cbs.nl; age, sex and test year) and the Netherlands Institute
for Social Research (www.scp.nl; SES).

The multivariable analysis was initially performed including ‘provider’ and potential confoun-
ders (age, test year and SES) to test for differences in outcomes between STI care providers.
Subsequent analyses to determine associations between the outcomes and age, test year and
SES were stratified by STI care provider, because of statistically significant interactions between
‘provider” and the other factors.

All analyses were stratified by sex and anatomic location: urogenital (urine, cervical, vaginal and
urethral) and extra-genital (anorectal and oropharyngeal). Outcome measures presented are
adjusted for age, test year and SES (where appropriate).

Analyses were performed using SPSS V.20 (IBM SPSS Statistics for Windows, IBM Corp.,
Armonk, New York, USA). A p value <0.05 was considered statistically significant.
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Figure 1: Selection procedure for the records analysed per database. GP, general practitioner; STI, sexually transmitted
infection

Chlamydia screening Laboratory database STl clinic
(GPs and hospital

physicans)
(N=6489) (N=24902) (N=28591)

Patients within
eastern South Limburg
region

Aged 16-29 years *

In laboratory database:

only gynaecologists
included as hospital

physicians

Total number of
22831

analyzable records

Results

In total, 22831 CT tests were performed, including 1868 (8.2%] positives. Stratified by anatomical
location, test numbers (test positivity) were: urogenital 22029 (8.2%), anorectal 556 (10.1%) and
oropharyngeal 246 (1.6%). For urogenital CT, 73.9% (n=16289) of the tests were performed
in women, whereas these numbers were 42.4% (n=236) and 30.1% (n=74) for anorectal and

oropharyngeal tests, respectively.
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The urogenital CT test positivity in men was 17.0% (251/1478) at the GP, 11.0% (235/2134) at the
STl clinic, and 3.7% (79/2128) in chlamydia screening. In women, these numbers were: GP 10.2%
(499/4871), STI clinic 13.4% (341/2552), gynaecology 4.3% (197/4567) and chlamydia screening
4.8% (206/4299).

Contribution of different STI care providers

Overall, GPs and chlamydia screening each accounted for 29% of all urogenital tests, whereas
the STl clinic and gynaecologists each accounted for 21% (figure 2A). The STl clinic and chlamydia
screening tested the largest proportion of men (both 37%), whereas GPs tested the largest
proportion of women (30%, figure 2B.

Overall, 73.3% (1326/1808] of the urogenital CT positives were observed in GP (n=750) and
STl clinic (n=576) patients. In men, GPs accounted for a small proportion of all tests, but these
resulted in almost half of all positives.

Evaluation of testing and test positivity between STl care providers

After adjusting for age, test year and SES, chlamydia screening performed most tests, irrespective
of sex (table 1). However, these tests yielded the lowest test positivity in men and women (the
latter together with gynaecology, table 2. Although the STl clinic performed more tests in men
than GPs, test positivity was lower in the former. In contrast, fewer tests were performed in

women at the STI clinic as compared with the GP, but test positivity was higher in the former.

Additional factors associated with testing and test positivity

CT tests increased over time for both sexes at the STl clinic (table 1). More urogenital CT tests
were performed in 22-29 than in 16-21 year-olds across all providers, irrespective of sex. GPs
and gynaecologists performed more tests among individuals with lower SES.

In both sexes, GP test positivity decreased over time (table 2). In contrast, STl clinic test positivity
increased in men. In women, younger age was associated with higher test positivity. Lower SES
was associated with higher test positivity in women at the GP and gynaecologist.
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Figure 2: Contribution of the STl care providers in terms of number of urogenital Chlamydia trachomatis tests and
positives, overall (A), by sex (B), by age (C) and by socio-economic status (D). CT screen, chlamydia screening programme;
GP, general practitioner.
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By Age
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Extra-genital CT test practice

GPs performed no anorectal and three oropharyngeal tests (one in a man and two in women),
and gynaecologists performed four anorectal and six oropharyngeal tests.

Within the STl clinic, 14.4% (789/5475) of all CT tests were extra-genital tests. Of these, 62.2%
were performed in men. Most extra-genital tests were anorectal tests (65.2% in men and 77.9%
in women).

In the STI clinic, anorectal CT test numbers increased over time for both men (OR: 1.45, 95%
Cl 1.31 - 1.60) and women (OR: 1.34, 95% CI 1.20 - 1.50). This increase over time was more
pronounced in men (OR: 1.29, 95% CI 1.01 - 1.65). Furthermore, more anorectal tests were
performed among men or women aged 25-29 than among 16-year-old to 21-year-old men (OR:
2.78, 95% Cl 1.76 - 4.41) or women (OR: 4.86, 95% CI 2.99 - 7.89), respectively. More anorectal
tests were performed among men with lower versus higher SES (OR: 1.55, 95% CI 1.04 - 2.32).
Of all extra-genital tests, 7.5% were positive, that is, 56 anorectal and 4 oropharyngeal. In 55.0%
(33/60) of the extra-genital CT infections, no urogenital CT was diagnosed concurrently. None of
the extra-genital CT tests performed outside the STI clinic were positive.

The STl clinic test positivity in men was: anorectal 10.0% (n=32) and oropharyngeal 2.3% (n=4).
In women, these numbers were: anorectal 10.3% (n=24) and oropharyngeal 0%.

For women, anorectal CT test positivity was lower in 25-29 than in 16-21 year-olds (OR: 0.23, 95%
C10.07 - 0.76). No associations were found between anorectal CT positivity and sex, test year or SES.

Discussion

We examined laboratory surveillance CT test practice data of 16-29 year-olds from regular STI
care providers, that is, GPs, an STl clinic, gynaecologists, and chlamydia screening, covering one
particular geographic region. GPs and the STl clinic together performed half of all urogenital CT
tests, while accounting for ~75% of CT positives. Gynaecologists performed over a quarter of all
tests in women. Characteristics of tested populations were similar between ST care providers
regarding age, but differed regarding sex and SES. Moreover, extra-genital CT testing was
rarely performed by GPs and gynaecologists, although such testing revealed substantial positi-
vity at the STl clinic in both sexes.

Here, we used a comprehensive dataset revealing CT test practice of both regular STI care
providers and chlamydia screening, all serving residents of one geographic region. Moreover,
the data included information about the anatomical testing site, enabling the evaluation of both
urogenital and extra-genital CT test practice.

More detailed information regarding the characteristics (eg, sexual orientation) of the individuals
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tested was unknown, thus we could not compare CT test practice between, for example, hete-
rosexual men and MSM. The proportion of MSM among all men tested in general practice is
unknown, which could be evaluated in future studies.

Although the sampling methods between chlamydia screening and the STI clinic (mainly
patient-collected), and GPs and gynaecologists (mainly clinician-collected) differed, this proba-
bly had negligible impact on test positivity, as both methods provide similar, valid results[21].
However, the sampling method, that is, patient-collected or clinician-collected, could have
influenced the patients’ threshold to seek testing and, thus, on test numbers between STl care
providers[21].

High laboratory standards and the improbability that a patient is being tested at the same time
at different laboratories, make double counting of data unlikely.

Finally, we could not correct for intra-class correlation to account for potential clustering within
a specific STl care provider in our analyses, because the actual STI care provider who performed
the test was unknown.

Our findings in men provide a contrast to a previous Dutch study, [7] who reported that GPs were
responsible for 70% of CT diagnoses when evaluating GP and STl clinic CT test practice, whereas
we observed a more equal distribution between these STI care providers. STI clinics target STI
risk groups, such as individuals aged below 25, and are therefore more relevant to our 16-year-
old to 29-year-old population as compared to the previous study, where all age groups were
included[11]. More importantly, GP data in this previous Dutch study were based on Internatio-
nal Classification of Primary Care (ICPC-1) codes, with no specific CT codel(s), leading to less
precise estimates than those made with our laboratory-confirmed data. Moreover, the present
study demonstrates substantial differences regarding sex and that gynaecologists contribute
significantly to CT test practice in women, alongside GPs and STl clinics.

GP and STl clinic urogenital CT test positivities were >10% for both sexes, whereas test positivi-
ties of <5% were found in both chlamydia screening and gynaecology. GPs and STI clinics test
predominantly high-risk groups and patients with symptoms[22], whereas population-based
screenings target a more general population, and gynaecologists mainly want to rule out CT in
their clinical evaluations.

For GPs, test positivity decreased over time, while test numbers remained unchanged. A growing
tendency for high-risk populations to visit an STl clinic rather than their GP could explain this
trend, as reflected by an increase in test positivity in the former. However, we are only able to
speculate about this, and future studies should explore this further and address the reason given
for CT testing.

63



Chapter 3

The majority (70%) of CT tests was performed in women, similar to the study by Dimech et al,
who evaluated CT surveillance data from 15 Australian laboratories between 2008 and 2010[9].
A positive association between age and number of tests was shown across all STI care providers,
irrespective of sex. In women, younger age was associated with higher test positivity. Similar
associations were shown by Dimech et al. and other studies[23,24]. As argued in these papers,
it appears difficult to reach at-risk women below 20 for testing; possible reasons are that they
do not feel at risk, be unaware of the possible implications of CT on reproductive morbidity, are
more likely to refuse testing or are less likely to consult their GP. This might explain why STl care
providers test this high-risk group less than their somewhat older counterparts (20-29 years
old) who have lower [yet still substantial] CT prevalence.

Although SES has been associated with CT test practice[10], we observed that SES was only
associated with GP and gynaecologist CT test practice . The fact that only patients with a "high-
risk profile” are seen at the STl clinic and selected for chlamydia screening in Parkstad, could
have weakened the association between SES and CT test practice.

Regarding extra-genital test practice, prevalence of anorectal CT was considerable (10% in both
sexes attending the STI clinic), while oropharyngeal prevalence was much lower (0-3%).
Fifty-five per cent of extra-genital CT infections would have been missed if only urogenital tes-
ting had been performed. Moreover, a similar amount would be missed if extra-genital testing
would be based on sexual history[13,15,16]. The fact that a substantial proportion of anorectal
single infections are found in MSM supports the recommendation that MSM need to be tested at
multiple anatomical locations, irrespective of sexual history[15]. With the debate surrounding
the effectiveness of azithromycin for extra-genital CT is ongoing, such recommendation may
also be applicable to women, yet more data on anorectal CT treatment effectiveness are needed.

Although extra-genital CT testing was predominantly performed at the STI clinic here, extra-
genital testing in this setting should nevertheless be further explored, as testing practices can
differ considerably between STI clinics[14,25].

Extra-genital CT can be detected successfully using nucleic acid amplification tests (NAAT] on
simple to obtain self-taken samples and both men and women are willing to test[21]. Strategies
to increase the reach of these self-taken samples, and thereby lower barriers to accessing STI
care for both patients and providers[26,27], include the use of internet-based programmes,
e-health strategies and home-collection[28,29].
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Conclusions

In conclusion, gynaecologists perform a substantial proportion of CT testing in women, although
GPs and STl clinics are mainly responsible for CT diagnosis. For all STI care providers, age was
associated with increased testing, but lower test positivity. Extra-genital CT testing in MSM and
possibly high-risk women needs to be encouraged, especially among STl care providers outside
the STl clinic, because almost no extra-genital tests were performed by GPs and gynaecologists
in our sample.

Afull picture of CT test practice in one particular region can highlight differences between STl care
providers and the populations they test. Moreover, it may alert STI care providers which (sub)
groups they need to test more often and give these providers knowledge on where to find certain
expertise, such as on extra-genital testing. Ideally, it would enhance integrating the services
between STI care providers in the region. Thereby, evaluations such as provided here can help
optimise CT test practice and could improve the cooperation between STl care providers, which is
already in place in several countries (for example, between GUM clinics and GPs in the UK) [30].

Key messages

- In Dutch 16-year-old to 29-year-old men and women, three-quarters of Chlamydia tracho-
matis infections are diagnosed by general practitioners (GPs) and sexually transmitted
infection (STI) clinics.

- Gynaecologists order as many chlamydia tests as STI clinics do, yet the proportion of test-
positives (in women) tested by the former is much lower.

- Characteristics of the tested populations differ between STI care providers regarding sex
and socio-economic status, but are similar for age.

- Extra-genital chlamydia testing is rarely performed by GPs and gynaecologists.
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Abstract

Introduction

Currently, individuals at risk for sexually transmitted diseases (STDs) are tested extra-
genitally only if indicated, most often when there is a history of self-reported symptoms or
self-reported anal sex. The sensitivity of such selective symptom- and sexual history-based
testing for detection of anorectal STD has not been determined.

Methods

All men having sex with men (MSM] and swingers (heterosexual couples who have sex with
other heterosexual couples and their self-identified heterosexual sex partners) attending
our STD clinic (consults: n=1690] from January 2010 until February 2011 were universally
tested for urogenital, anorectal and oropharyngeal Chlamydia trachomatis (CT) and
Neisseria gonorrhoeae (NG) infections (STD). We compared STD prevalence at anorectal
site based on universal versus selective testing.

Results

Sensitivity of selective symptom- and sexual history-based testing for anorectal STD was
52% for homosexual MSM, 40% for bisexual MSM, 43% for bisexual male swingers, 40% for
heterosexual male swingers and 47% for female swingers.

Discussion

Universal testing STD clinic clients who were MSM and swinger yielded more than half of
all anorectal STD infections and is more sensitive for identifying anorectal STD infections
compared with selective testing. Universal testing may be a more effective strategy for
interrupting the ongoing transmission in high risk sexual networks.
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Introduction

Sexually transmitted diseases (STDs) at extra-genital sites are common. Studies found anorectal
STD in up to 21% of men having sex with men (MSM] [1-8] and women [8-13]. Early detection and
treatment are critical strategies in STD control to prevent medical complications and reduce
transmission [7]. Therefore, availability of an appropriate diagnostic test is essential. The highly
sensitive and specific nucleic acid amplification tests (NAATs) are superior to culture for extra-
genital Chlamydia trachomatis (CT) and Neisseria gonorrhoeae (NG) detection [14].

US Centers for Disease Control guidelines advocate annual testing for CT and NG in sexually
active women and/or women under 26 years 15 but make no recommendations on anatomic
site-specific testing in this group. For sexually active MSM, US Centers for Disease Control
guidelines advocate anatomic site-specific testing for CT and NG based on sexual history, that
is, urogenital testing after insertive anal intercourse, anorectal testing after receptive anal
intercourse, and oropharyngeal testing after oral intercourse. WHO guidelines for MSM and
transgender individuals advocate periodic testing for asymptomatic urogenital and anorectal
CT and NG [15]. Dutch guidelines recommend anorectal testing in those with a history of anal
sex and/or symptoms as well as oropharyngeal testing following self-reported oral sex [16].
However, heterosexual men and women were not often tested anorectally and/or oropharyn-
geally [8,17]. Prior clinical studies document high rates of missed extra-genital CT/NG by
urogenital testing only in MSM [1,3-8] and women [8-10,12,13]. However, these studies relied
on selective testing based on history of anal sex and/or symptoms. Anorectal CT/NG infections
are very likely to be asymptomatic [1] and history of sexual behavior seems to be an unreliable
triaging tool for anatomic site-specific testing[2]. Reliability may be compromised by underre-
porting of specific sexual practices, or improper history taking. Two other studies universally
screened MSM for oropharyngeal CT/NG [18,19], and 1 study universally screened HIV positives
for anorectal and oropharyngeal CT/NG [20].

To date there have been no studies comparing symptom- and/or sexual history-based testing
with universal testing at anorectal site in MSM and swingers. Swingers are heterosexual couples
who have sex with other heterosexual couples and their self-identified heterosexual sex
partners. Swingers differ from nonswinging heterosexual adults by their sexual network,
characterized by concurrent sexual partners and high rates of unprotected sex. This makes
swingers more prone to CT/NG [21]. With current testing practices, many anorectal CT/NG cases
are likely to be missed, resulting in underestimated prevalence and ongoing transmission in
high-risk populations. In this study, we determined the sensitivity of symptom- and sexual
history-based testing, compared with universal testing at anorectal site in MSM and female/
male swingers.
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Methods

The South Limburg Public Health Service's STD unit provides more than 6000 consults annually,
offering free examination and treatment at 3 regional outpatient STD clinics.

Study population

Between January 2010 and February 2011, MSM and male and female swingers were universally
tested for CT and NG at 3 anatomic sites -urogenital, anorectal and oropharyngeal- yielding a total of
1690 consults for analysis. Individuals younger than 18 years were excluded from analysis on medical
ethical grounds. Risk-group allocation was performed routinely in all attendees at each consult,
based on self-reported sexual behaviour, in accordance with national testing guidelines. Men having
sex with men were defined as men who had sex with 1 or more men in the past 6 months.
An individual was registered as a swinger when he or she reported to be part of a male-female
couple, who as a couple had sex with other male-female couples, or when he or she reported to be
a swinger'’s heterosexual sexpartner.

Although swingers, by definition, have a heterosexual orientation, their sexual behavior may include
same-sex activities. Swingers form their sexual networks especially at physical venues, like
swingers clubs or erotic parties, and virtual venues, for example, specific dating websites.

Variables

Specimens tested were self-collected vaginal swabs, anorectal swabs, oropharyngeal swabs
and urine; and in a minority of cases clinician-collected urethral and cervical swabs. Specimens
were processed at 2 regional laboratories using 2 different nucleic acid amplification assays
(strand displacement amplification [ Becton Dickinson ProbeTec ET system, Sparks MD] and
polymerase chain reaction [PCR; Roche Cobas Implicor, San Fransisco, CA], respectively). The
rationale for using NAAT assays for testing extra-genital specimens is that they have demon-
strated higher sensitivity compared with culture [22]. Each of the 2laboratories performed
approximately half of all tests included in our study. Laboratory selection was based on the
geographical location of the STD clinic, and independent of risk group, anatomic site tested, or
day and month of testing. All NG-positive samples were confirmed with an in-house PCR[23].
Serum was tested for Treponema pallidum hemagglutination (TPHA) and HIV (anti-HIV[1/2],
Axsym; Abbott Laboratories, Chicago, IL). Reactive samples were confirmed using Western blot
(HIVblot 2.2; Genelabs Diagnostics, Science Park, Singapore), according to the manufacturer’s
protocol. Besides testing, each consult included the taking of a standardized medical and
sexual history by trained study nurses, including demographic data, self-reported symptoms

and sexual behavior in the preceding 6 months. All data were registered in an electronic patient

registry.
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Variables

Risk group category was hierarchically constructed based on self-reported sexual behavior that
associated with sexual preference and sex of the sexpartner(s). Each participant/attendee was
allocated to 1 of the after nonoverlapping groups: MSM who only had sex with men (homosexual
MSM], MSM who had sex with both men and women (bisexual MSM), male swingers who had sex
with both men and women (bisexual male swingers), male swingers who only had sex with
women (heterosexual male swingers) and female swingers. Rectal symptoms were defined as
any of the following: rectal discharge, bleeding, pain, redness, burning sensation or itch. Anal
sex included insertive anal sex, receptive anal sex or both. Age (<32, 32-45, >45 years) and
number of sex partners in the past 6 months (<3, 3-8, >8) were categorized in 3 groups, both
based on tertile distributions. HIV status was defined as (tested) positive or tested negative.
Syphilis status was defined as positive or negative, based on presence or absence of TPHA.

Statistical analysis

Prevalences of CT, NG and CT and/or NG (CT/NG) were calculated by dividing the number of positive
tests by the total number of tests multiplied by 100. Prevalences of urogenital, anorectal and oropha-
ryngeal CT/NG were stratified and compared between risk group category using X2 test. Prevalence
of anorectal CT/NG was further stratified for self-reported anal sex [yes/no), rectal symptoms (yes/no)
and the combination of self-reported anal sex and/or rectal symptoms [yes/no), using the X2 test.
The proportion detected (sensitivity) by symptom- and sexual history-based (selective] testing was
assessed by dividing the number of anorectal CT/NG found by symptom- and sexual history-based
testing by the number of anorectal CT/NG found by universal testing and multiplied by 100. The
proportion CT/NG missed by symptom- and sexual history-based testing was calculated by dividing
the number of anorectal CT/NG without anal sex or rectal symptoms by the total number of anorectal
CT/NG found by universal testing multiplied by 100. A p value <0.05 was considered as statistically
significant. Analyses were performed using SPSS version 17.0.0 (IBM Inc. Somers, New York, USA).

Results

Baseline characteristics

We included 1690 STD consults by 1052 individuals; these included 482 homosexual MSM, 78
bisexual MSM, 79 bisexual male swingers, 165 heterosexual male swingers and 248 female
swingers. The overall median age was 43 years (interquartile range [IQR] 32-49), MSM were
somewhat younger compared to heterosexual male swingers and female swingers (35 years
[IQR 24-47] vs 45 years [IQR 39-50]). Most had Dutch nationality (77.1%), this varied between
68.0%-90.4%. Rectal symptoms were reported in 1.0% to 5.9% consults; most consults were by
homosexual MSM and female swingers. Anal sex was reported in 26.1% to 52.6% consults. Men
having sex with men reported anal sex more often compared to swingers (table 1).
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Chlamydia and gonorrhoea prevalence and associated determinants after universal testing

Prevalences of overall CT, NG and CT/NG varied by risk group category (table 2). Multiple-site
infections (i.e. both anorectal and oropharyngeal) were scarcely observed (in 15 consultations).
Prevalence of oropharyngeal CT/NG ranged by risk group category from 2.0%-5.1% (p=0.46),
prevalence of urogenital CT/NG ranged from 4.5%-7.2% (p=0.42) and prevalence of anorectal CT/
NG differed by risk group category (table 3). Prevalence of anorectal CT/NG was higher in
consults with reported rectal symptoms (27.6%) compared with consults without (7.5%, p<.001).
Prevalence of anorectal CT/NG did not differ between consults with self-reported anal sex (9.6%)
and no self-reported anal sex (7.3% p=0.09). Prevalence also did not differ by presence or
absence of the combination of anal sex and/or rectal symptoms (9.6% vs.7.3%, p=0.09). In only
11 (0.7%; confidence interval [CI], 0.4%-1.2%) consults, a CT/NG coinfection was diagnosed.

Table 2: Prevalence of CT, NG and CT/NG at any site (urogenital, anorectal, oropharyngeal) by universal testing in
5 different risk group categories

Homosexual Bisexual Bisexual Male Heterosexual Female
MSM MSM Swingers Male Swingers Swingers
(N=674) (N=95) (N=157) (N=303) (N=461)
CT 10.5 10.5 7.0 53 8.5
NG 6.1 53 2.5 1.3 3.0 *
CT/NG 15.6 14.7 9.6 7.6 10.8 *
*p<0.01

Anorectal chlamydia/gonorrhoea infections missed in standard symptom- and sexual
history-based testing

The overall proportion of anorectal CT/NG missed in symptom- and sexual history-based testing
compared with non-selective, universal testing was 51.1% (71/139, Cl 43-59%] [table 3). Sensitivity
of symptom- and sexual history-based testing for anorectal CT/NG differed across groups:
51.8% in homosexual MSM, 40.0% in bisexual MSM, 42.9% in bisexual male swingers, 40.0% in
heterosexual male swingers and 47.1% in female swingers (table 3). Including self-reported
rectal symptoms as an indication for anorectal testing yielded just 2 additional anorectal CT/NG
diagnoses, somewhat lowering the proportion of missed anorectal CT/NG. The proportion of
missed anorectal CT diagnoses was 55.0% (33/60) in homosexual MSM, 42.9% (3/7) in bisexual
MSM, 50.0% (3/6) in bisexual male swingers, 75.0% (3/4) in heterosexual male swingers and
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48.4% (15/31) in female swingers (p=0.84). For NG, this was 28.6% (8/28) in homosexual MSM,
100% (3/3) in bisexual MSM, 100% (1/1) in bisexual male swingers, 0% (0/1) in heterosexual male
swingers and 80.0% (4/5) in female swingers (p=0.02). For CT/NG this was 48.2% (40/83) in
homosexual MSM, 60.0% (6/10) in bisexual MSM, 57.1% (4/7) in bisexual male swingers, 60.0%
(3/5) in heterosexual male swingers and 52.9% (18/34) in female swingers (p=0.92).

Discussion

In MSM and female and male swingers sensitivity of symptom- and sexual history-based testing
for detection of anorectal CT/NG was low. Prevalence of anorectal CT/NG was highest in MSM
(11 % -12%) and female swingers (7%) and the highest numbers of missed CT/NG were in these
risk groups (49% - 60% in MSM, 53% in female swingers).

These findings add to the growing body of evidence supporting universal testing in MSM [7], and
strongly suggest that universal testing may also be warranted for female swingers. Although
literature on universal anorectal testing in women is scarce, our findings are supported by
Barry et al, who found that 80% of the women who tested positive for anorectal CT did not report
anal sex [9]. Presence of anorectal CT/NG in those men and women without a history of
self-reported anal sex may be explained by underreporting, or alternative transmission routes
not captured by routine history taking, for example anal-digital activity and use of sex toys. In
women, autoinoculation by infected vaginal secretions [24] may also be a possibility, although
scientific evidence for this is scarce.

Because using self-report of sexual behavior as indication for selective testing may be proble-
matic, so is the use of self-reported symptoms. Several studies suggest that anorectal CT
infections most often are asymptomatic [1,11], in our study, the prevalence of self-reported
symptoms was very low (5%).

Our study has several limitations. First, we had no sexual history data distinguishing between
receptive and insertive anal sex, preventing us from performing analyses accounting for this
difference. Limiting testing to those reporting receptive anal sex may yield a high prevalence
of anorectal CT/NG in this selected group. However, as our study shows, this approach would
likely be overselective, leading to even larger proportions of missed anorectal CT/NG.

Second, data on self-reported condom use were unreliable because of a high proportion of
missing values in our records. Thus, we were unable to assess the association between condom

use and anorectal CT/NG. A study by Tian et al. in the United States showed that condom use
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among heterosexuals practicing anal sex was low; 63% never used a condom during anal sex
[25]. Data from a surveillance study in the Netherlands revealed that 69% of women did not use
a condom during their last anal sexual contact with a casual partner, for men this was 45% [26].

Third, although our instructions on specimen collection were clear [22], we cannot entirely rule
out the possibility of specimen contamination, for example via the urogenital-anorectal route.
Fourth, the sensitivity of different NAAT in testing of oropharyngeal and anorectal samples is
under discussion [22,27]. Sensitivity of strand displacement amplification and PCR was in some
studies [14,27] lower compared to other tests; this could have led to an underestimation of CT/
NG infections.

Conclusions

In conclusion, our data show low sensitivity of symptom- and sexual history-based testing for
detection of anorectal CT/NG in high-risk groups. Therefore CT/NG control should include
universal anorectal testing in MSM and female swingers for early detection and treatment of CT
and NG in order to prevent medical complications and reduce further transmission.
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Chapter 5

Abstract

Introduction

Current strategies for controlling non-urogenital chlamydia and gonorrhoea are not uniform.
It is assumed that present anorectal/oropharyngeal infections are coincidentally treated
with urogenital infections. However, it is not clear whether this control strategy is effective.
To inform current debate, we evaluated the anatomical site distribution of chlamydia and
gonorrhoea by routine testing in men who have sex with men (hereafter men) and in high-
risk women (prostitutes and swingers, hereafter women).

Methods

Between January 2010 and November 2012, all men (n=2436) and women (n=1321) attending
our sexually transmitted infection clinic were routinely tested for anorectal, oropharyngeal
and urogenital Chlamydia trachomatis and Neisseria gonorrhoeae. Data were collected on
demographics and sexual behavior.

Results

Overall chlamydia positivity was 10.4% (254/2436) in men and 7.0% (92/1321) in women,
for gonorrhoea this was 6.3% (154/2436) and 3.1% (41/1321) respectively. Isolated non-
urogenital infections accounted to 76% of all infections in men and for up to 59% of all
infections in women. For combined urogenital and anorectal infections, this amounted
to 14% for men and up to 54% for women.

Discussion

Testing only for non-urogenital infections is insufficient, as it overlooks many infections. The
use of coincidental treatment is therefore a suboptimal control strategy in high-risk groups
for halting complications and transmission. There is an urgent need to optimise the testing
guidelines for chlamydia and gonorrhoea at different anatomical sites.
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Introduction

Anorectal and oropharyngeal chlamydia and gonorrhoea are common in men who have sex with
men (1-24%)[1-4] and in high-risk women (1-15%)[2,3,5,6]. Insight into the anatomical site dis-
tribution of sexually transmitted infections (STI) is important to understanding the appropriate-
ness of current strategies for diagnosing and treating anorectal and oropharyngeal chlamydia
and gonorrhoea, in order to halt complications and transmission. One common strategy includes
coincidental concurrent treatment based solely on the identification of urogenital chlamydia and
gonorrhoea, given that few STI clinics[2] and even fewer GPs (0.1%][7] routinely test for non-
urogenital chlamydia and gonorrhoea. This strategy can be effective only if (1) non-urogenital
infections occur mainly in the presence of urogenital infections and (2] the same treatment
regimen is appropriate for the different anatomical sites. Previous studies have demonstrated
that symptom-based testing is not an effective strategy, but history based testing may be
and these studies seem to have informed much of current practice[1,2,4-6]. Studies based on
symptom- and sexual history-based testing (selective testing) have revealed high shares of
combined urogenital and anorectal infections (chlamydia 63-90%, gonorrhoea 56-73%) in high-
risk women attending STI clinics[2,3,5,6] and high shares of isolated anorectal chlamydia
(54-91%) and gonorrhoea (21%)[1,2,4] for all diagnosed infections in men who have sex with
men. Up till now, only three studies have applied routine universal testing i.e. not based on
symptoms or sexual history. One study examined the sensitivity of symptom- and sexual history-
based testing for anorectal STI: sensitivity was low (40-52%) and this procedure is likely to miss
a substantial number of anorectal infections[3]. Two studies examined oropharyngeal ST in
men who have sex with men and reported substantial shares of isolated oropharyngeal chlamydia
(68%) and gonorrhoea (98%][8,9]. Moreover, the appropriate treatment for anorectal chlamydia
is the subject of ongoing debate. Several studies have reported substantial microbial failure
rates of up to 21% for single-dose azithromycin (1.0 g) in anorectal chlamydia[10]. Guidelines
from the Netherlands and the United Kingdom currently advocate seven days of doxycycline 100
mg twice daily as a first-line treatment, and azithromycin is advocated as equal treatment by the
US Centers for Disease Control.

To inform the current debate on appropriate strategies for controlling anorectal and oropharyn-
geal infections, we evaluated the anatomical site distribution of chlamydia and gonorrhoea by
performing routine universal testing at urogenital, anorectal and oropharyngeal site in men who

have sex with men and in high-risk women.
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Methods

From January 2010 to November 2012, all men who have sex with men and all high-risk women
aged 18 years or older who attended the South Limburg Public Health Service's STI clinic
were routinely tested for urogenital, anorectal and oropharyngeal Chlamydia trachomatis and
Neisseria gonorrhoeae. In total, 17% (n=776) of patient population were not tested at all
anatomical sites. Coverage varied by risk group and time; 88-95% in men who have sex with
men, 91-95% in swingers and 25-46% in prostitutes. A total of 2436 consultations by 1218 men
and 1321 consultations by 516 women were used for analyses. Men who have sex with men
(hereafter men) were defined as men who had engaged in sex with one or more men in the
past six months. High-risk women (hereafter women) included prostitutes and swingers[3].
Swingers were defined as women who were part of a male-female couple who as a couple had
sex with other male-female couples and their self-identified heterosexual sex partners. Prosti-
tutes were defined as women who reported to have had sex for money in the past 6 months. Of
the 1321 women, 18.7% were prostitute (n=247) and 81.3% were swinger (n=1074). At our STI
clinic there is no current test of cure practice and individuals are not retested within 3 months.
The median number of days between repeat tests was 171 (IQR 105-228). The specimens tested
consisted of self-collected vaginal swabs or urine, anorectal swabs and clinician-collected
oropharyngeal swabs[3]. Specimens were processed at two regional laboratories using three
different nucleic acid amplification assays (NAATs) (SDA, Becton Dickinson ProbeTec ET system,
Maryland, USA and PCR, Cobas Amplicor, Roche, California, USA and PCR, Cobas 4800, Roche,
California, USAJ. Serum was tested for Treponema pallidum hemagglutination (TPHA) and HIV.

Statistical analysis

Variables were constructed according to the following mutually exclusive categories: isolated ano-
rectal (including combined anorectal, oropharyngeal infection), combined urogenital and anorectal
(including combined urogenital, anorectal and oropharyngeal infection), isolated oropharyngeal and
isolated urogenital infection (including combined urogenital, oropharyngeal infection). Chi square
tests were used to compare the distribution of infections across the various anatomical sites, as well
as across demographic and behavioural factors for men and women. Analyses were performed
using SPSS V.17.0.0 (IBM, Somers, New York, USA). The Medical Ethics Committee of Maastricht
University (Identification number 11-4-108) approved the study.

Results

Of the 3757 men and women, the median age was 37 years (IQR: 25-47 years) for men and 43

years (IQR: 36-49 years) for women. The majority (>95%) were Caucasian. Men reported having
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had a median of four sex partners in the past six months (IQR: 2-10), while women reported
seven (IQR: 4-13). The prevalence of HIV and syphilis was 12.5% and 15.3%, respectively, for
men, and 0% and 0.5%, respectively, for women. The prevalence of chlamydia (ie, a positive
result in at least one of three tested anatomical sites) was 10.4% (254/2436) for men and 7.0%
(92/1321) for women. For gonorrhoea, the prevalence rates were 6.3% (154/2436) and 3.1%
(41/1321), respectively. Chlamydia and gonorrhoea co-infection was present in 1.2% (n=30) of
men and 0.2% of women (n=3). Overall, 23-76% of all infections were isolated non-urogenital
(table 1).

Table 1: Prevalence of urogenital, anorectal and oropharyngeal chlamydia and gonorrhoea and anatomical site distribution
of chlamydia and gonorrhoea in men who have sex with men and in high-risk women by routine universal anorectal,
urogenital and oropharyngeal testing.

Men Women
N=2436 N=1321
Chlamydia Gonorrhoea Chlamydia Gonorrhoea
% [n] % [n] % [n] % [n]
Prevalence
Urogenital 3.3(80) 1.5 (37) 5.4(71) 1.3(17)
Anorectal 7.9 (193) 3.71(91) 4.8 (63) 0.9 (12)
Oropharyngeal 1.1(26) 3.4(83) 1.4(19) 2.3(30)

Chlamydia
positive
(n=254)

% (n]

Gonorrhoea
positive
(n=154)

% (n]

Chlamydia
positive
(n=92)

% [n]

Gonorrhoea
positive
(n=41)

% [n]

Anatomical sites

Anorectal only? 62.2 (158)* 47.4 (73)* 14.1(13) 4.9(2)
Urogenital and anorectal® 13.8 (35)* 11.7 (18)* 54.4 (50) 24.4(10)
Oropharyngeal only 6.3(16) 28.6 (44)* 8.7 (8) 53.7 (22)
Urogenital only® 17.7 (45) 12.3(19) 22.8(21) 17.1(7)
Total
Isolated anorectal and oropharyngeal 68.5 (174)* 76.0 (117)* 22.8(21) 58.5 (24)

* p<0.05 Compared with women.

@ Including oropharyngeal infection when present.
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Discussion

This is the first study to provide a systematic assessment of the anatomical site distribution of
chlamydia and gonorrhoea with routine universal urogenital, anorectal and oropharyngeal
testing in men who have sex with men and in high-risk women. The proportion of isolated non-
urogenital infections amongst all chlamydia and gonorrhoea infections was substantial for men (up
to 76%) and women (up to 59%). Urogenital testing alone is thus not an appropriate diagnostic
strategy for detecting anorectal and oropharyngeal chlamydia and gonorrhoea in these high-risk
groups. Treatment of urogenital infections alone overlooks many infections in high-risk groups
such as studied here, and it therefore excludes many patients from proper treatment. The high
proportion of isolated oropharyngeal gonorrhoea in women is notable. The relative importance of
these oropharyngeal infections in the burden of disease (whether clinical or otherwise) is unclear,
as is their share in transmission and the speed with which they can be cleared. In a previous study,
we showed that the sensitivity of anorectal testing based on behavioural indications or symptoms is
low[3]. Combined urogenital and anorectal chlamydia occurred in 14% of men and in 54% of wo-
men. Our results are consistent with previous reports that demonstrate high shares of isolated in-
fections in men and high shares of combined infections in women[1,2,4-6]. It is not known whether
concurrent treatment with azithromycin would constitute sufficient treatment for such combined
infections. Some evidence suggests that azithromycin is suboptimal in treating anorectal chlamy-
dia[10]. Our study sample did not include unique individuals only, which may be a limitation. Howe-
ver, restricting to first consultations in analysis gave similar results, therefore we expect bias to be
minimal. Sensitivity and specificity of NAATs are high, although not 100%. False positives may occur
in lower-prevalence populations for example in the case of low prevalence of oropharyngeal STI.
Furthermore, we could not completely rule out the possibility of autoinoculation by infected vaginal
secretions in women. However, regardless of transmission route, anorectal infections can cause
further STl transmission. Although our instructions on specimen collection were clear, we cannot
entirely rule out the possibility of specimen contamination, for example, via the urogenital-anorec-
tal route. Prostitutes had relatively low coverage. However, this group comprised a small part (19%)
of women and the anatomical site distributions of prostitutes and swingers were similar (data not
shown). This may indicate that possible bias due to incomplete testing in prostitutes is minimal.
However, it also warrants more research in prostitutes. The results of this study suggest routine
universal testing could be preferable for high-risk clients of STl clinics. Although we can not extra-
polate these results to other populations and care settings, our study demonstrates the need for
further research in diverse settings to determine the need for multiple anatomical site testing.
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Abstract

Introduction

Symptom- and sexual history-based testing i.e., testing on indication, for anorectal sexually
transmitted infections (STIs) in women is common. Yet, it is unknown whether this strategy
is effective. Moreover, little is known about alternative transmission routes i.e. by fingers/
toys. This study assesses anorectal STI prevalence and infections missed by current testing
practice, thereby informing the optimal control strategy for anorectal STls in women.

Methods

Women (n=663) attending our STl-clinic between May 2012-July 2013 were offered routine
testing for anorectal and urogenital Chlamydia trachomatis and Neisseria gonorrhoeae.
Data were collected on demographics, sexual behaviour and symptoms. Women were
assigned to one of the categories: indication (reported anal sex/symptoms), fingers/toys
(only reported use of fingers/toys), or without indication.

Results

Of women, 92% (n=654) participated. There were 203 reports (31.0%) of anal sex and/or
symptoms (indication), 48 reports (7.3%) of only using fingers/toys (fingers/toys), and 403
reports (61.6%) of no anal symptoms, no anal sex and no anal use of fingers/toys (without
indication). The overall prevalence was 11.2% (73/654) for urogenital chlamydia and 8.4%
(55/654) for anorectal chlamydia. Gonorrhoea infections were not observed. Prevalence of
anorectal chlamydia was 7.9% (16/203) for women with indication and 8.6% (39/451) for
all other women (P=0.74). Two-thirds (39/55) of anorectal infections were diagnosed in
women without indication. Isolated anorectal chlamydia was rare (n=3): of all women with
an anorectal infection, 94.5% (52/55) also had co-occurrence of urogenital chlamydia. Of all
women with urogenital chlamydia, 71.2% (52/73) also had anorectal chlamydia.

Discussion

Current selective testing on indication of symptoms and sexual history is not an appropriate
control strategy for anorectal chlamydia in women visiting an STI clinic. Routine universal
anorectal testing is feasible and may be a possible control strategy in women. Yet costs may
be a problem. When more restricted control measures are preferred, possible alternatives
include (1) anorectal testing only in women with urogenital chlamydia (problem: treatment
delay or loss to follow up), and (2) direct treatment for urogenital chlamydia that is effective
for anorectal chlamydia as well.
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Introduction

Chlamydia trachomatis (Ct) and Neisseria gonorrhoeae (Ng) are the most prevalent bacterial
sexually transmitted infections (STls) in women in high income countries and have major public
health consequences [1-3]. In addition to infection of the urogenital tract, chlamydia and gonor-
rhoea can also cause anorectal infections in women. Previous studies of women who visited an
STl clinic or a department of genitourinary medicine found anorectal chlamydia in up to 18%
[2,4-11] of them and gonorrhoea in up to 13% of them [4-10]. However, guidelines in UK, US and
the Netherlands do not recommend routine anorectal testing, but restricted testing in people
who are in high-risk groups, report anal sexual behaviour, or have anal symptoms [12], i.e.,
selective testing on indication [12,13]. This is in contrast to urogenital testing, which is a routine
procedure in STl care services in these countries. Nucleic acid amplification tests (NAATs) are
the most sensitive tests for the screening and diagnosis of genital chlamydial infections to date,
and their use is accepted and recommended for anorectal infections as well [14]. The impact of
anorectal infections in women on population (public health) and individual (clinical] level are yet
unknown. However, it is suggested that treatment of anorectal infections in women can help
limit the spread of STl in the population [4-6] and can reduce complications in infected individu-
als, such as anal cancer, anal squamous intraepithelial lesions [15,16] and reduce HIV risk [5,6].
Moreover, the rectum might act as a reservoir and thereby play a major role in repeat positive
urogenital infections [4].

In the control of anorectal chlamydia there are 2 key stones: first is identification (diagnosis by
testing) and second is treatment. In high risk groups there is evidence that many anorectal STI
are missed by current testing practice on indication. A study using routine universal anorectal
testing in high-risk women found that selective testing on indication misses over half of anorectal
infections (48% Ct, 80% NgJ [17]. It is unknown whether selective testing on indication misses
infections in the general female population, due to lack of studies in this population.

Adequate treatment for anorectal chlamydia is currently under debate. Guidelines in the UK and
US recommend both single-dose azithromycin and a 7-day course of doxycycline as equal treat-
ments for uncomplicated anorectal chlamydia in non pregnant women [12]. In the Netherlands,
doxycycline is recommended for anorectal chlamydia [13]. Several studies have reported sub-
stantial microbial failure rates of up to 40% for single-dose azithromycin (1.0 g) used against
anorectal chlamydia [18-22], or suggest that doxycycline may be more effective than azithromycin
in the treatment of rectal chlamydial infections [23]. Anorectal control strategies (treatment and

testing) are thereby in need of critical reflection.
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To inform optimal control strategies for anorectal STls in women, first the prevalence of anorectal
STl was determined by using routine universal collected data in the general STl clinic population
of women. Such data is scarce, because of the general lack of a routine universal screening
practice in women in STI control settings. Moreover, little is known about alternative transmission
routes such as the anal use of fingers and/or sex toys. By assessing associations with medical
and behavioural history, we aim to estimate the number of anorectal infections missed by the
current practice of selective testing on indication and to formulate recommendations for control
i.e., the testing and treatment strategies.

Methods

Study population

The outpatient STI clinic of the South Limburg Public Health Service provides about 6000 con-
sultations annually, offering free examination and treatment at three regional outpatient STI
clinics. Between May 2012 and July 2013, three consultation nurses (out of 13) offered all their
female patients aged 18 years and older (n=663) routine testing for urogenital and anorectal
chlamydia and gonorrhoea. This yielded a total of 654 consultations by 611 women for analysis
(participation 92.2%). Fifty-two (7.8%) women declined an anorectal swab; reported reasons for
non-participation were inconvenience (65%), fear (19%) and lack of necessity (16%). Non-parti-
cipants were slightly younger than participants (median 21 years versus 23 years, P<0.001).
Urogenital chlamydia prevalence was similar for non-participants and participants (13.5%;
(7/52) versus 11.2% (73/654), P=0.60). Gonorrhoea infections were not observed in both groups.
The study was approved by the Medical Ethics Committee of Maastricht University (11-4-108).

Study procedures and definitions

Women provided self-collected vaginal swabs and self-collected anorectal swabs, which studies
have proven to be a generally acceptable, valid and feasible approach [3,24,25]. Trained study
nurses provided women with a visual diagram and oral instructions about how to take separate
self-collected vaginal and rectal swabs. For the vaginal swab, the patient was instructed to
insert the swab 2.5 cm into the vagina, rotate it for 5 to 10 seconds, and then place it in a capped
tube to avoid potential contamination. This procedure was repeated in the anus for the rectal
swab. Samples were tested for Chlamydia trachomatis and Neisseria gonorrhoeae using
nucleic acid amplification assays according to the manufacturer’s procedure (polymerase chain
reaction [PCR; Roche Cobas 4800, San Francisco, CAl). Serum was tested for Treponema
pallidum hemagglutination (TPHA) and HIV; all the women were TPHA and HIV negative. Each
consult also included a standardised medical and sexual history taken by trained study nurses.
It asked about self-reported symptoms and sexual behaviour in the past six months, i.e., ‘Did you
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practise anal sex in the past six months?". Anal symptoms included rectal discharge, bleeding,
pain, redness, burning sensation, or itching. Swingers were defined as women who were part of
a male-female couple that had sex with other male-female couples and their self-identified
heterosexual sex partners. Prostitutes were defined as women who reported having had sex for
money in the past six months. Women who were prostitute and/or swinger were defined as
prostitutes/swingers. All data was registered in an electronic patient registry.

Statistical analysis

Women were assigned to one of three non-overlapping hierarchically constructed indication
categories based on reported behaviour and symptoms. Women in the “indication” category
reported at least anal symptoms and/or anal sex, whether or not in combination with anal use
of fingers and/or toys. Women who were assigned to the “fingers/toys” category only reported
the anal use of fingers and/or toys and reported no anal symptoms and no anal sex. Women who
reported no anal symptoms, no anal sex, and no anal use of fingers or toys were assigned to the
“without indication” category. As no gonorrhoea infections were observed, statistical analyses
focussed on chlamydia only. The prevalence of chlamydia was calculated by dividing the number
of positive tests by the total number of tests, multiplied by 100. Univariate and multivariate
logistic regression were used to identify determinants independently associated with anorectal
chlamydia. Determinants tested were indication (with indication versus the two other categories
combined), age categories, prostitutes/swingers (prostitutes and swingers versus other
women), and use of fingers/toys (versus no use of fingers/toys). Anorectal infections in the
categories “without indication” and “fingers/toys” were defined as infections missed by selective
testing on indication as in current care. The share of infections missed was compared between
indication categories, age categories (reference =29 years) and prostitutes/swingers using
univariate and multivariate logistic regression. Interactions terms were added between indication
categories, age categories and prostitutes/swingers in the multivariate models, but none were
statistically significant and were removed from in the final models.

Finally, to assess the anatomic site distributions of urogenital and anorectal chlamydia, all wo-
men who tested positive for chlamydia were assigned to a non-overlapping distribution category:
(1) urogenital only, (2) urogenital and anorectal, or (3) anorectal only. Restricting to chlamydia
positives, this variable was compared over indication categories (with indication versus the two
other categories combined), age categories, and prostitutes/swingers using Fisher’s exact test.
A P value of <0.05 was considered statistically significant. Analyses were performed using SPSS
version 17.0.0 (IBM Inc., Somers, NY, USA). Written informed consent for participation in the
study was obtained from participants. Written informed consent was not obtained from a parent
or guardian.
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Results

We included 654 consultations with an overall median participant age of 23 years (inter-quartile
range: 21 to 34). The overall prevalence was 11.2% (73/654) for urogenital chlamydia and 8.4%
(55/654) for anorectal chlamydia. Gonorrhoea infections were not observed. Overall, anal use of
fingers was reported by 20.3% (133/654) of the women, anal use of toys by 8.9% (58/654), anal
sex with a steady partner by 24.0% (157/654), anal sex with a casual partner by 13.1% (86/654)
and anal symptoms by 3.1% (20/654). Anal symptoms reported were itching (n=7), ulceration
(n=3), redness (n=2), discharge (n=1), pain/burning sensation (n=5), bleeding (n=3) and unspeci-
fied (n=2). Only 3 women reported a combination of (two) symptoms.

Indication categories

In total, 31.0% (203/654) of the women were assigned to the “indication” category [i.e. they
reported anal sex and/or symptoms), 7.3% (48/654) to the “fingers/toys” category (reported anal
use of fingers/toys only), and 61.6% (403/654) to the “without indication” category (no reported
anal symptoms, no anal sex, and no anal use of fingers/toys). Women without indication
were younger than women with indication (median of 22 years versus 36 years). The share of
prostitutes/swingers was higher in women using fingers/toys only compared to women without

indication (table 1).

Chlamydia prevalence and associated determinants

Prevalence of anorectal chlamydia was 7.9% (16/203) for women with indication and 8.6%
(39/451) for the other women (categories without indication and fingers/toys ) (P=0.74).
Prevalence in the three indication categories is displayed in table 1. Young age was the only
determinant associated with anorectal chlamydia (<21 years 14.2% (odds ratio 3.79 (1.75-8.20)),
22-28 years 7.0% (odds ratio 1.73 (0.75-4.00) and = 29 years 4.2%). Being prostitute/swinger was
not associated with anorectal chlamydia; prevalence was 3.0% (5/168) for prostitutes/swingers
versus 10.3% (50/486) for other women (P=0.13). In total, 136 women reported to have used
fingers or toys, whether or not in combination with anal sex. Prevalence in those women was
5.1% (7/136) versus 9.3% (48/518) in women who did not report to have used fingers or toys
(P=0.82).

Missed infections by selective testing on indication

In total, 55 anorectal chlamydia infections were diagnosed; 67.3% (37/55) were diagnosed in
women without indication (table 1). Only 2/55 anorectal infections were diagnosed in the fingers/
toys category. Combining fingers/toys with the without indication category (as is usually the case
in current care), the proportion missed by current care that uses selective testing was 70.9%
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Table 1: Characteristics of women attending the STI clinic routinely universally screened for urogenital and anorectal
chlamydia

Indication? Fingers/toys Without Total

only indication

Age
=21 years 19.2 (39)** 12.5 (6)** 41.2(166) 32.3(211)
22-28 years 27.1 (55) 25.0 (12) 40.0 (161) 34.9 (228)
=29 years 53.7 (109) 62.5 (30) 18.9 (76) 32.9 (215)
Prostitutes/swingers 39.4(80)* 66.7 (32)* 13.9 (56) 25.7 (168)

Chlamydia prevalence

Urogenital 9.4(19) 4.2(2) 12.9 (52) 11.2(73)
Anorectal 7.9 (16) 4.2 (2) 9.2(37) 8.4 (55)
Anatomic site distribution
chlamydia positives N=21 N=2 N=53 N=76
Urogenital only 23.8 (5) 0(0) 30.2 (16) 27.6 (21)
Anorectal only 9.5(2) 0(0) 1.9 (1) 3.9 (3)
Urogenital and anorectal 66.7 (14) 100 (2) 67.9 (36) 68.4(52)

* P <0.0001 compared to without indication by Chi-square test.

** P < 0.0001 compared to without indication and age 29 years or older by Chi-square test.

@ Women with indication reported anal use of fingers and/or toys in 43.3 % of consultations, symptoms in 9.9 %,
anal sex with a steady partnerin 77.3 %, and anal sex with a casual partner in 42.4 %.

(39/55). No determinants were found to be associated with missed anorectal infections. For
example the proportion missed was 60.0% in prostitutes/swingers versus 72.0% in other women
(P=0.93). The proportion missed was 70.0% in age = 21 years, 81.3% in age 22-28 years and
55.6% in age = 29 years (P=0.47).

Anatomic site distribution

Of all urogenital and anorectal chlamydia infections found, 68.4% (52/76) were concurrent uro-
genital and anorectal infections. Of all chlamydia infections, only three infections were isolated
anorectal (3.9%, 3/76): two in women with indication and one in a woman without indication
(figure 1). Of the 73 women with urogenital chlamydia, 71.2% (52/73) also had an anorectal
chlamydia infection. Of the 55 women with anorectal chlamydia, 94.5% (52/55) also had a uroge-
nital chlamydia infection. The anatomic site distribution of chlamydia infections was not associated
with indication categories (P=0.31), age (P=0.90), or prostitutes/swingers (P=0.27) (table 1).

103



Chapter 6

Figure 1: Anatomic site distribution of chlamydia in women attending the STI clinic routinely screened for urogenital and
anorectal chlamydia

Urogenital only
(27.6%, n=21)

Urogenital and anorectal
(68.4%, n=52)

Anorectal only
(3.9%, n=3)

Discussion

This study revealed alarmingly high numbers of anorectal chlamydia in women. One in 12
women and even one in 7 young women was diagnosed with anorectal chlamydia. As over two
thirds of these infections are currently being missed, current selective testing on indication of
symptoms and anal sexual history is not an appropriate control strategy for anorectal chlamydia
in women visiting an STI clinic. Almost all women with anorectal chlamydia had concurrent
urogenital chlamydia (95%). To our knowledge, this is the first study with routine universal
anorectal testing, i.e. independent of reported behaviour, symptoms or urogenital positivity, in a
general group of women who visited an STI clinic and who took different sexual risks, including
anal use of fingers and toys.

Indication (anal sex or symptoms) was not associated with anorectal chlamydia. Yet current
guidelines for anorectal STls advocate selective symptom- and sexual history based testing for
women [12,13]. Including the anal use of fingers/toys in this testing on indication would only
reveal a small number of missed infections (3.6%), as these practices are common but rarely
practiced without anal sex (7%). Moreover, use of fingers/toys was not associated with anorectal
chlamydia. This suggests that anal use of fingers/toys, as well as report of anal sex or symptoms
are not useful indicators to guide testing for anorectal chlamydia.
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The prevalence of anorectal chlamydia was substantial (8%) (55/654). Young age (<21 years) was
found to be associated with anorectal chlamydia showing a strikingly high 14% prevalence in this
group of women, consistent with studies in high risk women visiting an STl clinic [5,6,9]. Thereby
the absolute number of anorectal infections that are currently missed in the general female STI
clinic population is likely substantial, especially in young women. This is consistent with earlier
findings in high-risk groups at our clinic, such as female swingers (chlamydia 48%, gonorrhoea
80%) and men who have sex with men (MSM) (chlamydia 43-55%, gonorrhoea 29-100%) [17].
More data is needed from other settings to confirm our observations by routine anorectal testing.

In contrast to MSM, anorectal chlamydia in women was rarely isolated. In current study,
one woman had an isolated anorectal infection but did not report anal sex or symptoms. Possi-
ble explanations for this could be underreporting, a false negative urogenital test [4,8], or
autoinoculation from a spontaneously cleared urethral/vaginal infection [4,5]. The large percen-
tage of concurrent urogenital and anorectal chlamydia infections in women was therefore nota-
ble: 95% of women with anorectal chlamydia also had urogenital chlamydia, and 71% of women
with urogenital chlamydia also had anorectal chlamydia. Previous studies without routine uni-
versal testing in women also reported large shares of concurrent infections (36-90%) [2,4-10,26].
Itis not clear what causes these concurrent infections, although possible explanations could be
underreporting of anal sex, autoinoculation with vaginal secretions [4,5,8,9,26] or concurrent
transmission during sex. Majority (71%) of anorectal chlamydia positives did not report anal sex
or symptoms. Autoinoculation from the vagina to the rectum therefore seems possible. We
hypothesize that autoinoculation could also occur from the rectum to the vagina. Even in the
absence of sexual activity, the gastro intestinal tract could provide a constant source of orga-
nisms which may reinfect the genital tract [31]. Such (repeat) urogenital infections could lead
to reproductive tract morbidity [6]. Further study on this subject is needed, for example by
including anorectal chlamydia in mathematical models and by bacterial load studies, the clinical
and public health impact of anorectal chlamydia in women could be explored further.

Nevertheless, state of the art practice in chlamydia control entails the use of highly sensitive
NAATSs to test for chlamydia. Although NAATs are not yet FDA proved for anorectal testing, their
use is highly recommended, accepted, and part of standard operating procedures in many care
settings [14]. A positive NAAT, i.e., diagnosed anorectal chlamydia, is in practice followed by
antibiotic treatment. In MSM, an anorectal swab positive for chlamydia is considered an infec-
tion, and is treated with antibiotics to prevent transmission to the population and complications
in individuals. To overcome current insufficient case management of anorectal infections in
women, testing and treatment strategies need to be improved, to better identify and treat
infections. Study participation was high (93%), suggesting a high feasibility and acceptability of
anorectal testing in women who do not have an indication. Therefore, routine universal anorectal
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screening could be an option, although this will increase costs substantially. No studies have
evaluated cost effectiveness of anorectal screening for chlamydia/gonorrhoea in women.
However, in MSM, anorectal screening (when prevalence > 2.69% (IQR, 1.68-3.71%)) can be a
cost-effective intervention to reduce HIV infection [28-30].

When a more restricted policy is preferred, anorectal testing only in women with urogenital
infection or direct treatment effective for both urogenital and non-urogenital chlamydia would
detect and treat 95% of anorectal infections, since 52 of 55 anorectal infections had co-occurrence
of urogenital chlamydia. However, for the former option delay between urogenital and anorectal
tests and subsequent treatments could be a problem in practice. The substantial anorectal
chlamydia prevalence and high co-occurrence with urogenital chlamydia fuels the need for
debate on what is adequate treatment for anorectal chlamydia [18-21,23]. The currently used
treatment regimes for uncomplicated anorectal chlamydia both have drawbacks; higher
treatment failure rates are reported for azithromycin [19-21,23] and compliance for doxycycline
could possibly be an issue in practice [27]. More research, for example a randomised controlled
trial of azithromycin versus doxycycline, including compliance, is needed to formulate treatment
recommendations.

Several study limitations need to be acknowledged. We only included women who visited the STI
clinic, so our results might not fully represent those that could be found in the general female
population or within other healthcare settings. Although our instructions on specimen collection
were clear, we cannot entirely rule out the possibility of specimen contamination (for example
via the urogenital-anorectal route). As women attending the STl clinic were randomly assigned
to a consultation nurse, possible selection bias is likely minimal. Data on other high risk sexual
behaviors (i.e., number of partners, new or concurrent partnerships, substance use, condom
use) were not available, and their association with anorectal chlamydia in women could not be
assessed. In our study, the prevalence or the proportion of infections missed by current selective
testing in the non-participants is unknown. Eligible non-participants were slightly younger than
participants. A study by Sethupathi et al. found women most at risk for anorectal infections
included women aged <20 years as was also found in current study. Therefore, the prevalence of
anorectal infections may be underestimated in current study, yet due to the high response (93%),
bias is expected to be minimal.

106



Section extra-genital testing

Conclusions

In conclusion, prevalence of anorectal chlamydia in women was high and current selective tes-
ting on indication is not an appropriate control strategy to identify and treat anorectal chlamydia
infections. Almost all women with anorectal chlamydia had concurrent urogenital chlamydia.
More research is needed on the public health and clinical implications of anorectal chlamydia in

women.
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Abstract

Background

Both anorectal Chlamydia trachomatis (CT) and Neisseria gonorrhoea (NG) can occur as a
rectal-only infection or concurrently with simultaneous urogenital infection with the same
pathogen. Characterising the target groups in which rectal-only infections occur may
improve the efficacy of screening practices.

Methods

We analysed data from two Dutch outpatient sexually transmitted infection (STI) clinics
between 2011 and 2012. We included all men who have sex with men (MSM) (n=9549) and
women (n=11113), =18 years, who had been tested for anorectal and urogenital CT and/or
NG (either as a result of reporting anal sex/symptoms or via routine universal testing).
Factors associated with rectal-only CT and NG infections were assessed using univariable
and multivariable logistic regression.

Results

In MSM, anorectal CT prevalence was 9.8% (693/7094), anorectal NG prevalence was 4.2%
(397/9534). In women this was 9.5% overall (439/4597) and 0.9% (96/10972) respectively. Ano-
rectal CT prevalence among women who were routinely universally tested was 10.4% (20/192),
for selective testing this was 9.5% (419/4405) (p=0.68). Anorectal NG infections were not detec-
ted among women who were routinely universally tested (p=0.19). Among CT or NG positive
MSM, rectal-only CT infections were found in 85.9% (595/693), for NG this was 85.6% (340/397)
respectively. In positive women these figures were 22.1% (97/439) for CT and 20.8% (20/9¢6)
for NG, respectively. In MSM, independent factors associated with rectal-only CT were: being a
sex worker (ORO0.4,C10.2-1.0), exclusively having sex with men (0R3.4,CI1.7-6.8), and absence
of urogenital symptoms (OR0.2,CI0.2-0.4). In women, these factors were: older age (OR2.3, CI1.
3-4.0) and non-Western nationality (OR1.8, Cl1.0-3.5). Factors associated with rectal-only NG
in MSM were: having been warned for STls by an (ex) partner (0R2.9,CI1.1-7.5), oropharyngeal
NG infection (OR2.4,Cl1.0-5.3], and absence of urogenital symptoms (OR0.02,C10.01-0.04),
while in women no significant factors were identified.

Discussion

The prevalence of anorectal CT and NG was substantial in MSM and prevalence of anorectal
CT was also substantial in women. Anorectal infections occurred mostly as rectal-only
infections in MSM and mostly concurrent with other infections in women. Given the lack of
useful indicators for rectal-only infections, selective screening based on a priori patient
characteristics will have low discriminatory power both in relation to MSM and women.
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Introduction

With the introduction of sensitive nucleic acid amplification assays (NAAT) tests, anorectal
testing for Chlamydia trachomatis (CT) and Neisseria gonorrhoea (NG) has become more com-
monplace in sexually transmitted infection (STI) clinics[1,2]. Anorectal CT and NG are common
in men who have sex with men (MSM] and in women[3]. Anorectal testing is important since the
majority of infections are asymptomatic. Undetected infections could lead to further spread
of infection in the population and the development of sequelae within individuals. Moreover,
anorectal CT and NG infections facilitate HIV transmission[4].

There is a lack of international consensus regarding the adequate treatment for anorectal CT.
Guidelines in the US recommend single-dose azithromycin or a 7-day course of doxycycline
as equally effective treatments for uncomplicated anorectal CT in MSM and non-pregnant

women[5]. In the Netherlands and the UK, doxycycline is recommended for anorectal CT[6,7].

Prevalence of anorectal CT has been reported to be as high as 24.4%[3,8-17] among MSM and
17.5% among womenl3,13-15,18-25], with rates for NG as high as 17.9%I[3,8-11,13-15,17]
and 13.4%[3,11,13-15,18,19,22-25]for MSM and women respectively. Insight into the factors
associated with anorectal infections, including demographic and behavioural factors, can facili-
tate the identification of high-risk groups and inform guidelines on anorectal testing. Previous
studies in MSM and women attending STl clinics have shown that being of a younger age[9,11]
and having multiple sex partners[8,11] are both associated with having anorectal CT and NG
infections. Notably, anal sex has not been found to be associated with anorectal CT, but has
been associated with anorectal NG[13,14].

Anorectal infections can be rectal-only infections, i.e., infection at the anorectal site only, or can
occur concurrently with simultaneous urogenital and/or oropharyngeal infections with the same
pathogen. Previous studies in MSM have reported a high proportion of rectal-only CT (up to 90%)
and NG infections (up to 70%)[8-11]. In contrast, in women, a relatively low proportion of rectal-
only CT and NG infections have been reported (between 0% to 44%)[18,19,22-27]. It is unknown
which factors determine such differences in the relative proportions of rectal-only infections.
These differences may be related to for example sexual risk behaviour or anatomical differences,
but are probably not caused by the characteristics of the CT strain[28]. If a single dose of azithro-
mycin is effective in treating anorectal CT, concurrent urogenital and anorectal CT infections
would also be opportunistically treated[13], as is the case with concurrent NG infections. However,
rectal-only CT and NG infections would not be opportunistically treated with an urogenital
infection. Treatment of rectal-only infections depends on screening algorithms, as they are not
routinely universally tested for in practice. Insight into the proportion of rectal-only infections
and the factors associated with them could help to define individuals at risk for such untreated
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anorectal infection. This is important for the design of cost-effective screening guidelines speci-
fying who should be tested at which anatomical sites.

By evaluating 20.662 unique STI clinic attendees tested at both urogenital and anorectal sites,
this study aims to increase understanding of anorectal infections by assessing the prevalence of
and factors associated with (rectal-only) anorectal CT and NG in MSM and in women.

Methods

Study population

This study was approved by the Medical Ethical Committee of the University of Maastricht (METC
11-4-108), who waived the need for consent to be collected from participants. Since retro-
spective data originated from standard care (in which one can opt-out for the use of their data
for scientific research, as approved by METC 11-4-108) and were analysed anonymously, no
further informed consent for data analysis was obtained. The outpatient Public Health Service
STI clinics in Amsterdam (approximately 36.000 consultations in 2012) and South Limburg
(approximately 6500 consultations in 2012) offer free and anonymous STI testing to high-risk
individuals. From January 2011 to December 2012, data from all MSM and women who had been
tested for both urogenital and anorectal CT and/or NG were included once, from their most
recent consultation (N=20.662 unique individuals, 9549 MSM and 11113 women) (figure 1). MSM
were defined as men who had sex with men in the past 6 months.

Study procedures

All participants were routinely tested for urogenital CT and NG infections via a urine or urethral
sample (men) or a vaginal or cervical swab (women).

In Amsterdam, if receptive anal sex was reported in the past 6 months, both MSM and women
were screened for anorectal CT and NG infections. Irrespective of reported anal sex, MSM and
high-risk women were routinely screened for anorectal NG infection. High-risk women who
report active oral sex in the previous 6 months (regardless of condom use] and all MSM
(irrespective of reported receptive oral sex) were routinely tested for oropharyngeal CT and NG.
High-risk women were defined as: women who report symptoms, women who are commercial
sex workers (CSW), women who have been warned for STlIs by an (ex-) partner, or women who
have been referred by another healthcare provider.

In South Limburg, for study purposes, between May and December 2012 women attending one
of the 3 (out of 13] study nurses were routinely universally screened for anorectal CT and NG;
this comprised 16% (192/1200) of women tested at anorectal site in South Limburg[20]. Before
and after this period, women were only tested at the anorectal site if they reported having anal
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sex or having anal symptoms. All MSM were routinely screened for anorectal CT and NG,
irrespective of reported behaviour.

If receptive oral sex was reported to have taken place in the past 6 months, swingers and CSW
were tested for oropharyngeal CT and NG infections. Other women were tested if there was
a risk for an oropharyngeal-only infection, that is, without concurrent urogenital or anorectal
infection, in addition to reported receptive oral sex. MSM were routinely universally screened
for oropharyngeal CT and NG infections.

Each consultation included a standardised medical and sexual history taken by nurses, inclu-
ding self-reported symptoms and sexual behaviour over the past six months. Specimens tested
consisted of vaginal/cervical swabs or urine, anorectal swabs and oropharyngeal swabs, either
self-collected or collected by the nurse. All tests were performed according to the manufactu-
rer’s protocol. In the South Limburg clinic, specimens were processed at two regional laborato-
ries using three different NAATs (SDA, Becton Dickinson ProbeTec ET system, Maryland, USA;
Cobas Amplicor, Roche, California, USA; Cobas 4800, Roche, California, USAJ. In the Amsterdam
clinic, the Aptima combo CT/NG assay for the detection of C. trachomatis and N. gonorrhoeae
rRNA (Hologic Gen-Probe Inc., San Diego, USA) and the Aptima Ct assay were used. In Amster-
dam, NG was routinely tested in MSM and high-risk women by culture. Serum was tested for
Treponema pallidum haemagglutination (TPHA] (Bioelisa Syphilis 3.0 (Biokit, SA, USA)) and HIV
(anti-HIV1/2, Axsym; Abbott Laboratories, Chicago, IL, USA). Reactive samples were confirmed
using Western blot (South Limburg; HIVblot 2.2; Genelabs Diagnostics, Science Park, Singapore,
Amsterdam; INNO-LIA HIV /Il Score; Fujirebio; 201 Great Valley Parkway, Malvern, USA).

Statistical analysis

The prevalence of anorectal CT and NG was calculated by dividing the number of positive tests
by the total number of tests, multiplied by 100. Anorectal CT prevalence is reported separately
for women who were routinely universally tested and women who were tested based on the
report of anal sex and/or symptoms (selective testing). Anorectal NG infections were reported
overall, since anorectal NG was detected among women who were routinely universally tested
(p=0.19). Rectal-only infections were defined as an anorectal CT or NG infection without a
concurrent urogenital infection with the same pathogen. Concurrent infections were defined as
simultaneous urogenital and anorectal infection with the same pathogen. Oropharyngeal CT or
NG infections were not taken into account in this classification, but assessed as a possible
associated factor and presented in the tables. In all individuals, univariable and multivariable
logistic regression were used to identify factors (independently) associated with (1) anorectal CT
and anorectal NG and (2) among anorectal CT or NG positive individuals only, with rectal-only CT
and NG infections compared to concurrent infections. Several variables were examined based
on self-reports of behaviour during the 6 month period prior to consultation. The variables
tested were: age, nationality, CSW, sexual preference (for MSM: exclusively having sex with men
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or not), number of sex partners, antibiotic use in the past 1-3 months, sexual practices (anal/
vaginal], condom use (anorectal/vaginal), intravenous (IV) drug use, having been warned for STls
by an (ex] partner (as in partner notification), symptoms (anorectal/urogenitall, concurrent
oropharyngeal CT, concurrent oropharyngeal NG, HIV status, TPHA positivity, and history of STI
clinic consultations in the past 800 days. This last variable was divided into two variables: one for
CT and one for NG. The CT variable was divided in the following mutually exclusive categories:
(1) not tested, (2] previously tested CT negative, (3) previously had concurrent anorectal CT and
(4) previously had at least one rectal-only CT. The NG variable was divided in the following
mutually exclusive categories: (1) not tested, (2] previously tested NG negative, (3) previously had
concurrent anorectal NG and (4) previously had at least one rectal-only NG. The variables age
(for MSM <32, 33-43, =44, and for women <22, 23-27, =28), number of sex partners in the past 6
months (<2, 3-5, =6), and number of previous STl clinic consultations (<1, 2-3, =4), were all cate-
gorised into three groups based on tertile distributions. Urogenital symptoms were defined as:
genital discharge, bleeding, itching, ulceration, swelling, pain, burning sensation and more fre-
quent urination. Anal symptoms were defined as: anal discharge, bleeding, itching, ulceration,
redness, swelling, pain and burning sensation. Anal sex was defined as insertive, receptive, or
both. Anal condom use was categorised in the following way: 'no anal sex’, ‘always’ and ‘not
always’. A similar variable was constructed for vaginal condom use. The factors anal sex and
anal symptoms were excluded from multivariable analyses exploring associations with anorectal
CT positivity in order to prevent bias by testing indication (selective testing based on report of
anal sex/symptoms). Variables with p<0.05 were included with stepwise backward method in the
multivariable model. In cases where variables were correlated (> 0.6), the variable with the
lowest p-value in univariable analyses was omitted from the multivariable model. All multi-
variable models were corrected for study site (Amsterdam/South Limburg). The results of the
univariable analyses are included in the supplemental files. The results of the multivariable
analyses are included in the manuscript. A p-value < 0.05 was considered statistically signifi-
cant. Analyses were performed using SPSS version 19.0 (IBM Inc., Somers, NY].

We visualised which factors would yield the highest number of infections if targeted in screening
(for example if used as a screening indicator]. Factors were selected based on their statistical
significance in unadjusted univariable analyses and their usability as a screening tool, by inclu-
ding factors that were available from the patient at screening (for example, excluding any test
result from that screening).

The proportion of anorectal CT and NG infections diagnosed, i.e. the number of diagnoses within
a category divided by the total number of diagnoses multiplied by 100, is presented in a bubble
in order to visualise the yield of anorectal infections per factor. Thereby, the bubble represents
the relative share in percentage of anorectal CT and NG infections detected. Each bubble repre-
sents an associated factor, and individuals can appear in multiple bubbles. The number of
factors presented in one bubble plot was maximized to 8, to ensure clarity of the figure.
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Figure 1 Flowchart of the study population

STl clinic Amsterdam
January 2011 - December 2012
N=45303 unique patients

CT/NG No CT/NG
anorectal test anorectal test
n=18512 n=26791

>=18y at first >=18y at first
consultation consultation
n=18273 n=239

Results

STl clinic South Limburg
January 2011 - December 2012
N=10825 unique patients

CT/NG No CT/NG
anorectal test anorectal test
n=2740 n = 8084

>=18y at first >=18y at first
consultation consultation
n=2660 n=80

In the study period, 45303 unique individuals vistited the STI clinic in Amsterdam, for South

Limburg this was 10995 (figure 1).

In total, 20662 unique study participants who were tested for anorectal CT and/or NG (18240
Amsterdam, 2422 South Limburg) were included in our study; 9549 MSM and 11113 women. In
total, 99.2% (n=20506) were tested for NG and 56.6% (n=11691) were tested for CT. The median
age of MSM was 37 years (IQR 28-46), and the median age of women was 25 years (IQR 22-30).
Anal sex was reported by 83.0% (n=7921) of MSM and by 33.3% (n = 3696) of women, and anal
symptoms were reported by 4.9% (n=449) of MSM and 1.9% (n=210) of women (table 1 and 2).
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Anorectal CT and NG prevalence

The prevalence of anorectal CT was 9.8% (693/7094) in MSM and 9.5% (439/4597) in women
(p=0.86). Anorectal CT prevalence among women who were routinely universally tested
was 10.4% (20/192), for selective testing this was 9.5% (419/4405) (p=0.68). The prevalence of
anorectal NG in MSM was 4.2% (397/9534), in women this was 0.9% (96/10972) (p<0.001).

Prevalence of rectal-only infections

In MSM, 162 urogenital and 693 anorectal CT infections and 176 urogenital and 397 anorectal
NG infections were diagnosed. In women, 90 urogenital and 439 anorectal CT infections were
diagnosed, and 88 urogenital and 96 anorectal NG infections were diagnosed (figure 2). Among
anorectal CT positive MSM, 85.6% (593/693) had rectal-only infections, that is, without a
simultaneous concurrent urogenital CT infection. For women this proportion was 22.1% (97/439)
(p<0.001). Among anorectal NG positive MSM, 85.6% (340/397) had rectal-only infections, for
women this proportion was 20.8% (20/96) (p<0.001).

Figure 2: Anatomic site distribution of CT or NG positive MSM and women both tested at urogenital and anorectal sites
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Factors associated with anorectal CT and NG

MSM

Factors univariately associated with anorectal CT or NG are presented in table 3, independent
factors positively associated with anorectal CT or NG in MSM are presented in table 1. We as-
sessed which factors would yield the highest number of CT or NG infections in MSM if targeted
in screening by taking into account the absolute number of infections per factor. The largest
share of anorectal CT infections was found in MSM exclusively having sex with men, men of a
younger age, those reporting having had 3 or more sex partners, who had been warned for STls
by an (ex] partner, or were not always using a condom when practising anal sex (figure 3).
Figure 3 presents the relative share of anorectal infections per factor. For example, screening all
MSM who were warned for STIs by an (ex) partner would yield about 50% of all anorectal CT
infections in MSM. This factor adds significantly to finding anorectal infections (OR 2.0 on X axis),
but does not contribute significantly to finding rectal-only CT (OR 1.0 on Y axis). In total, one
or more of the factors presented in figure 3 was applicable to 98.3% (6973/7094) of MSM. Our
data show that using this as a testing algorithm would diagnose 99.3% (n = 691) of anorectal CT
infections in MSM.

The largest share of anorectal NG infections was found in MSM who were exclusively having sex
with men, who were of a younger age, who had 3 or more sex partners, who had been warned by
an (ex] partner, or were experiencing urogenital symptoms (figure 3). In total, one or more of
these factors applied to 97.1% (9261/9534) of MSM. Using this as a testing algorithm would di-
agnose 99.7% (n = 396) of anorectal NG infections in MSM. .

Women

Factors univariately associated with anorectal CT or NG are presented in table 4, independent
factors positively associated with anorectal CT or NG in women are presented in table 2.
We assessed which factors would yield the highest number of CT or NG infections in women
if targeted in screening by taking into account the absolute number of infections per factor.
The largest share of anorectal CT infections was found in women of a younger age, women who
had not visited an STI clinic in the previous 2 years, women who had been warned by an
(ex) partner, or those not always using a condom when practising anal sex [figure 3). In total,
83.9% (3855/4597) of women had one of these factors or a combination thereof. Using this as
a testing algorithm would diagnose 93.8% (n=412) of anorectal NG infections in women. The
largest share of anorectal NG infections was found in women of a younger age, those having had
anal sex, orwomen who had been warned by an (ex) partner (figure 3). In total, 62.8% (6895/10972)
of women had one of these factors of a combination thereof. Using this as a testing algorithm
would diagnose 85.4% (n=82) of anorectal NG infections in women.
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Figure 3: Bubble plot depicting the factors univariately associated with anorectal CT and NG and rectal-only CT and NG in
MSM and women including their relative share in the total number of anorectal CT and NG infections
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The bubble represents the relative share in percentages of anorectal CT and NG infections per associated factor. The variable
anal sex was not used for CT to prevent bias by testing indication.
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Factors associated with rectal-only CT and NG

MSM

Factors independently positively associated with rectal-only CT were: exclusively having sex with
men, not being a CSW in the past 6 months, and absence of urogenital symptoms. Exclusively
having sex with men was the only factor which was also associated with anorectal CT. The largest
share of rectal-only CT infections was found in MSM of a younger age, those exclusively having
sex with men or MSM who had been warned by an (ex) partner (table 1 and figure 3). Factors
independently associated with rectal-only NG were: having been warned for STIs by an (ex)
partner, absence of an oropharyngeal NG infection, and absence of urogenital symptoms. On the
contrary, an oropharyngeal NG infection was associated with anorectal NG infection. Also having
been warned for STls by an (ex) partner was also associated with anorectal NG, however
absence of urogenital symptoms was not associated. The largest share of rectal-only NG
infections was found in MSM of a younger age, those exclusively having sex with men or those
who had been warned by an (ex]) partner (table 1 and figure 3).

Women

Factors independently associated with rectal-only CT infection were: older age (=28 years),
non-Western nationality, and being a CSW. None of these factors were associated with anorectal
CT. On the contrary, younger age was associated with anorectal CT. The largest share of rectal-
only CT infections were found in older women, women with non Western nationality, women who
reported to be a CSW, women who did not always use a condom when practising anal sex, and
women who had not visited an STl clinic in the previous 2 years (table 2 and figure 3). No factors
were independently associated with rectal-only NG infection in our multivariable analyses.

Discussion

In the present study with 20662 unique individuals, only a few factors were found to be weakly
associated with rectal-only infections, making it difficult to perform selective anorectal screening
based on a priori patient characteristics. On the contrary, a wide range of factors was found to
be associated with CT and/or NG positivity. Among CT or NG positive MSM, the majority had a
rectal-only infection, whereas the majority of women had a concurrent urogenital infection.

We found that the prevalence of anorectal CT in ST outpatient clinic attendees was substantial,
at 10%, and comparable for both MSM and women. Anorectal NG prevalence was higher in
MSM (4%) as compared to women (1%). The prevalence of anorectal CT and NG in this study is
consistent with the prevalence described earlier[15,19,20,23,27]. We found multiple indepen-
dent associations with anorectal CT and NG infections in MSM and women, which is also consis-
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tent with the findings of other studiesl8,9,11,12,18-20,23,29,30]. Most previous studies have
focused on anorectal CT and NG in MSM; only a few compare MSM and women[13-15,26]. Here,
we show that anorectal CT and NG infections are found both in women and MSM attending STI
clinics. However, in women, concurrent urogenital and anorectal CT (78%) and NG infections
(79%) are detected more frequently than rectal-only infections in contrast to MSM with 14%
concurrent CT and NG infections. Possible explanations include autoinoculation via vaginal
secretions[18,21,23,27], or concurrent transmission during sex.

This study focussed on rectal-only CT and NG infections. It is important to identify rectal-only
infections because these remain unnoticed in urogenital site only screening algorithms and,
in the case of CT, are possibly sub optimally treated (with single dose azithromycin] when co-
occurring with genital CT infection[31,32]. Although the clinical relevance of anorectal infections
in women is still largely unknown, it has been suggested that adequate treatment can help limit
the spread of CT and NG in the general population[18,19,23], and can reduce susceptibility for
HIV infection.

In this study, older age and non-Western nationality were associated with rectal-only infections
in women. A Canadian study found older age, and being warned by an (ex]partner for STl to be
associated with rectal-only CT infection in women[33]. On the other hand, a US study found
young age (<18 years) to be associated with rectal-only CT[15]. This indicates that results are
inconclusive and it would be hard to target rectal-only infections in women in practice based on
a priori patient characteristics. No associations were found with rectal-only NG in women, as
was also the case in a study by Trebach et al.[15]. This may be a result of low numbers of rectal-
only NG infections in women (n = 20 in our study and n = 50 in the study of Trebach et al.J[15].

In MSM, exclusively having sex with men was associated with both anorectal CT and rectal-only
CT. This was the only factor positively associated with rectal-only CT infections in MSM, which
makes it hard to target rectal-only infections in MSM in practice based on a priori patient
characteristics, as was the case with women. However, encouraging MSM, especially MSM
exclusively having sex with men, for anorectal testing yields both anorectal CT and rectal-only
anorectal CT. Not having urogenital symptoms and being a CSW were protective for rectal-only
CT in this study. A study by Gratrix et al. found that being asymptomatic was associated with a
rectal-only CT infection in MSM[34]. However, the absence of urogenital symptoms does not rule
out the possibility of a rectal-only CT infection.

Notably, reporting anal sex and anal symptoms were not associated with rectal-only infections
in both MSM and women.

When examining data from previous consultations in the past two years in MSM, we found that
previous rectal-only CT and NG were associated with anorectal CT. Both previous concurrent
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and rectal-only NG and previous rectal-only CT infections were associated with anorectal NG.
A study by Bernstein et al. reported an increased risk of HIV infection among MSM with rectal
infections in the past two years[35]. However, retesting anorectal NG positive MSM would yield
only a minority of all anorectal NG infections. Moreover, MSM and women who had a previous
rectal-only CT or NG infection were not more likely to have a rectal-only infection.

Selective testing on indication for anorectal CT and NG is currently recommended in the guide-
lines[5,6] and already widely practised. Previous studies show that anal sex is not associated
with anorectal CT in MSM and women, but is associated with anorectal NG[14,20]. Our results
indicate that screening all MSM and women who report anal sex or symptoms [selective testing)
remains important in order to detect anorectal CT and NG including rectal-only infections. The
majority of the study population was tested routinely universally for anorectal NG. In addition to
selective testing for anorectal NG, including factors associated with anorectal NG in the testing
algorithm could help to detect additional anorectal NG infections in both MSM and women.

Our study has several limitations. A large number of unique individuals were included in this
study (N = 20662). However, prevalence of anorectal NG infections in women is low (0.9%) which
might have been too low to reach statistical significance when examining associated factors.
If individuals had been tested at another care provider in the two years prior to consultation,
for example by their general practitioner (GP), this was not taken into account. This could have
led to an overestimation of individuals who had not been tested in the two years prior to consul-
tation. However, we presume this bias to be minimal as anorectal testing is limited at GP surge-
ries[36]. A further limitation of our study is that anorectal test algorithms differed between the
two STI clinics. In Amsterdam, all attendees were tested systematically for anorectal NG, but
anorectal CT testing was based on reports of anal sex and/or symptoms. In South Limburg, all
MSM were routinely tested for anorectal CT and NG and women partially systematically (between
May and December 2012), and partially based on report of anal sex and/or symptoms. Such
selective testing on indication misses about half of anorectal infections in both MSM[14] and
women[20]. It is therefore likely that some anorectal infections were missed using these testing
criteria. Possibly, these missed anorectal infections were rectal-only infections, which would
bias our results. Moreover, we could have missed factors associated with rectal-only infections
since routine universal anorectal screening was missing. Additionally, culture was used for ano-
rectal NG tests in Amsterdam, which might have missed NG infections due to lower sensitivity of
culture compared to NAAT. However, the anatomic site distribution of single-site and concurrent
CT and NG in MSM and women is comparable with other studies who used routine universal
anorectal screening. Moreover, factors associated with anorectal CT and NG found here were
comparable with those reported in other studies[8,9,11,12,15,18-20,23,29,30].
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Conclusions

In conclusion, prevalence of anorectal CT is substantial in both MSM and women, and preva-
lence of NG is substantial in MSM. The majority of MSM have rectal-only CT and NG infections,
in contrast to women, who are more likely to have concurrent urogenital and anorectal infecti-
ons. Only a few factors were associated with rectal-only infections, and this makes anorectal
screening algorithms based on a priori patient characteristics for MSM and women challenging,
because of low discriminatory power. We recommend further research is carried out to inform
and optimise anorectal CT and NG case finding.
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Chapter 8

Abstract

Introduction

Anorectal Chlamydia trachomatis (chlamydia) is frequently diagnosed in men who have sex
with men (MSM) and in women but it is unknown whether these infections are comparable
in clinical impact and transmission potential. Quantifying bacterial load and identifying
determinants associated with high bacterial load could provide more insight.

Methods

We selected a convenience sample of MSM who reported anal sex (n=90) and women with
concurrent urogenital/anorectal chlamydia who reported anal sex (n=51) or did not report
anal sex (n=61) from the South Limburg Public Health Service’s STI unit. Bacterial load
(Chlamydia/ml] was quantified for all samples and log transformed for analyses. Samples
with an unquantifiable human leukocyte antigen (n=9) were excluded from analyses, as they
were deemed inadequately sampled.

Results

The mean log anorectal chlamydia load (3.50) was similar for MSM and women who reported
having anal sex (3.80, P=0.21). The anorectal chlamydia load was significantly higher in
these groups than in women who did not report having anal sex (2.76, P=0.001). Detectable
load values ranged from 1.81-6.32 chlamydia/ml for MSM, 1.74-7.33 chlamydia/ml for
women who reported having anal sex and 1.84-6.31 chlamydia/ml for women who did not
report having anal sex. Symptoms and several other determinants were not associated
with anorectal chlamydia load.

Discussion

Women who did not report anal sex had lower anorectal loads, but they were within a similar
range to the other two groups. Anorectal chlamydia load was comparable between MSM
and women who reported anal sex, suggesting similar transmission potential.
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Introduction

Anorectal Chlamydia trachomatis (chlamydia) is frequently diagnosed in sexually transmitted
infection (STI) clinics. International guidelines advise using nucleic acid amplification tests
(NAAT] to test anorectal specimens because they are more sensitive than the use of culture [1,2].
Moreover, self-collected rectal samples are as feasible, valid, and acceptable for testing as
provider-collected swabs [3,4]. Anorectal testing is mainly indicated in risk groups such as men
who have sex with men (MSM]; in some countries, guidelines also include women at high risk
such as prostitutes, swingers and those with multiple sex partners. Testing is generally guided
by report of receptive anal sex and/or anal symptoms [5,6].

Anorectal infections detected by a NAAT in MSM are generally assumed to be real infections and
are given adequate treatment to halt transmission and reduce complications in individuals.
Additionally, in recent years, several published studies have recommended anorectal testing for
women because of the substantial prevalence of anorectal chlamydia among them (6-15%)
[7-9]. The prevalence of anorectal chlamydia in women is strikingly similar to that in MSM
(7-14%) [10-12]. Women do frequently report anal sex (11-26%) as do MSM [9,13-15]. Nonetheless,
recent studies using routine anorectal testing have found that over half to two-thirds of anorectal
chlamydia infections were observed in women and MSM who did not report anal sex [9,16,17].
This finding fuels international debate about who to test for anorectal chlamydia infections.
Although the prevalence is similar between MSM and women, anorectal chlamydia infections in
women are mainly concurrent with urogenital infections, in contrast to MSM [8-10,12,18,19].
This may give rise to questioning whether anorectal infections in MSM and women detected by
NAAT are comparable in clinical impact and transmission potential. The clinical impact may be
considered in terms of symptoms. The majority of anorectal chlamydia infections in MSM and
women are asymptomatic. Transmission potential could be carefully considered in terms of
bacterial load (for example high loads indicate a higher transmission potential for viral STis)
[20]. Therefore, targeting individuals with high chlamydia loads could have an added value in
practice.

To date, only a few studies have used a NAAT to report on anorectal load [15,21,22], and none of
these studies have compared anorectal loads between MSM and women. Yet, quantifying bacte-
rial load and knowing which determinants are associated with high bacterial load could provide
a unique insight into possible clinical (i.e. symptoms] and public health [i.e. transmission)
aspects of anorectal infections. Additionally, comparing bacterial load and associated determi-
nants between MSM and women could help to ascertain whether their anorectal infections are
equally severe in terms of symptoms and transmission. Moreover, anorectal load could differ
between women who report anal sex and women who do not report anal sex, due to different

transmission routes (i.e. autoinoculation from vaginal secretions in women who do not report
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anal sex). This study quantified bacterial load in chlamydia positive anorectal samples from
MSM who reported anal sex (tested as recommended in STl guidelines [5]) and from women with
concurrent urogenital chlamydia, and assessed determinants associated with bacterial load.

Methods

Study population and procedures

The South Limburg Public Health Service’s STl unit provides more than 6000 consults annually,
offering free examination and treatment at three regional outpatient STI clinics. Clients are
routinely tested at urogenital sites for Chlamydia trachomatis and Neisseria gonorrhoeae. Men
who report having had sex with men in the past six months are also routinely tested anorectally.
Until May 2012, women were anorectally tested based on self-report of anorectal symptoms
and/or anal sex. From May 2012, all women were routinely tested anorectally.

Specimens were self-collected vaginal swabs, anorectal swabs and urine. Trained STI nurses
asked patients to take a self-collected anorectal swab and provided them with verbal instructions
and a diagram [i.e. insert the swab 2.5 cm into the rectum, rotate for 5-10 seconds, and place the
swab in the capped tube). Specimens were processed at the department of Medical Microbiology
at Maastricht University Medical Center + (Maastricht, The Netherlands] using nucleic acid
amplification tests (NAAT) [polymerase chain reaction PCR; Cobas Amplicor until 2012 and
afterward Cobas 4800, both from Roche Diagnostics, San Francisco, CAl. Serum was tested for
Treponema pallidum hemagglutination antigen (TPHA) and HIV (anti-HIV[1/2], Axsym; Abbott
Laboratories, Chicago, IL). Reactive samples were confirmed using Western blot (HIVblot 2.2;
Genelabs Diagnostics, Science Park, Singapore), according to the manufacturer’s protocol. In
addition to testing, trained study nurses took a standardised medical and sexual history at each
consult, which included demographic data, self-reported symptoms, sexual behaviour in the
preceding six months and antibiotic use in the past month. Anal symptoms (proctitis) included
rectal discharge, bleeding, pain, redness, burning sensation or itching. All data were registered
in an electronic patient registry.

Study selection

Between November 2010 and September 2013, 796 anorectal chlamydia infections were
diagnosed in MSM who reported anal sex and in women with concurrent urogenital chlamydia.
We selected a convenience sample of MSM who reported anal sex and women with concurrent
urogenital chlamydia who were 16 years or older and positive for non-LGV anorectal chlamydia
for this study; this yielded 211 consults by 194 individuals for further analyses. The study sample
(26.5% from total sample) was selected based on availability and easy access. To assess whether
selection bias had occurred in the sample, we used a Chi-square test to compare age, nationality
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and sex between persons who were included in the study and MSM reporting anal sex and
women who tested positive for anorectal chlamydia who were not included in the study. Indivi-
duals in the study sample were on average younger than those not included (mean 30 years (IQR
22-44) versus 34 years (IQR 21-41), P<0.001). The proportion of individuals with a non-Western
nationality was comparable between individuals included and not included (4.8% n=10 versus
3.8% n=19, P=0.56). The proportion MSM included was smaller compared to women (19.6%
n=96, versus 37.5% n=116, P<0.0001).

This study was approved by the Medical Ethical Committee of the University of Maastricht (METC
11-4-108), who waived the need for consent to be collected from participants. Since retrospective
data originated from standard care (in which one can opt-out for the use of their data for scientific
research, as approved by METC 11-4-108) and were analyzed anonymously, no further informed
consent for data analysis was obtained.

Nucleic acid extraction and quantitative CT polymerase chain reaction (PCR)

Total nucleic acids from each 200ul sample were isolated using the QlAamp DNA Mini kit
(Qiagen, Hilden, Germany) according to the manufacturer’s instructions and eluted in 120 pl. The
eluate was stored at -20 °C and thawed once for quantification. Prior to DNA-isolation, an internal
extraction and amplification control and a negative extraction control were added to each sample,
as described elsewhere [23,24].

Quantitative PCR for CT used primers targeting the single-copy OmpA gene, coding for the major
outer membrane protein, as described by Jalal et al. [25]. For eukaryotic cell determination,
primers targeting the MHC class Il antigen (HLA-DQAT1) gene were used, as described by van der
Helm et al. [26], as a test for adequacy of the sampling. For absolute quantification, the ompA
and HLA-DQA1 PCR products were cloned separately into the pGEM-T easy vector (Promega
Corporation, Madison, WI, USA) according to the manufacturer’s protocol. Plasmids were isolated
using alkaline lysis and purified using phenol/chloroform extraction, as described previously
[27]. Logarithmic dilutions covering a 5-log range were made (converted to correspond with 106
to 102 copies/mlin clinical samples).

QPCR was performed with a 7900HT Real-Time PCR System (Applied Biosystems, Foster City,
California). In each run, the 96-micro-wells plate contained both dilution series, a negative

control and the samples for quantification.

PCR amplification was performed in a total volume of 25 pl, consisting of a 10 pl template and a
15 pl reaction mixture containing 12.5 pl Absolute gPCR Rox Mastermix (Thermo Scientific,
Waltham, USA) and a 2.5 pl primer/probe mix consisting of 840 nM forward and reverse primer
and 100 nM probe. The amplification reaction consisted of 15 minutes of initial activation at
950C, followed by 42 cycles at 950C for 15 seconds and 600C for 60 seconds.
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Load determination

Absolute chlamydia loads (log chlamydia/ml] were obtained by entering cycle threshold (Ct)
values into a master curve (compiled from over 10 dilution series), and then exponentially trans-
formed. Samples were deemed inadequately sampled and excluded from further analysis when
no human cells (HLA-DQA1) were detected or no target could be detected at all; this resulted in
excluding 9 of the 211 samples. The initial diagnostic chlamydia screening was done with assays
targeting the chlamydial plasmid, which are both present in relative abundance to the single-
copy OmpA- gene used in our load assessment.

For this reason, some samples contained loads below the quantification range of the ompA PCR.
These ‘low load” samples, which were proven positive at the initial screening, were set to a Ct
value >42 which resulted in a load of 0.75 log chlamydia/ml[28].

Statistical analyses

Load values were log transformed for analyses. The study sample consisted of three non-over-
lapping indication categories based on reported behaviour: (1) MSM who reported anal sex (2)
women who reported anal sex and (3) women who did not report anal sex. Demographic data
were compared over categories using the student’s T-test and ANOVA. Anorectal load values
were compared between indication categories (MSM who reported anal sex, women who reported
anal sex and women who did not report anal sex) using the student’s T-test and univariable linear
regression analysis using the second category (women who reported anal sex) as the reference
category. Univariable and multivariable linear regression analyses were performed to identify
determinants associated with anorectal load overall and separately for each indication category.
Additional analyses were performed to assess determinants for high load (i.e., the upper quartile
versus the other quartiles). Determinants tested were: sex, age, nationality, number of sex partners
in the past six months, sexual preference (for MSM], antibiotic use in the past month, symptoms
in the past month (anorectal and urogenital), anal sex in the past six months, and concurrent STI
(urogenital chlamydia, anorectal gonorrhoea, syphilis (TPHA positivity) and HIV). Analyses were
performed using the SPSS package version 20 (IBM Inc. Somers, New York, USA).

Results

Characteristics of the study population

Anal sex was reported by 45.5% (51/112) of the women. The median age of the MSM (n=90) was
36 years (IQR 25-47). It was 25 years (IQR 19-27) for women who reported anal sex (n=51) and 25
years (IQR 20-26) for women who did not report anal sex (n=61; p<0.001). The median number of
sex partners was 12 (IQR 3-11) for MSM, 4 (IQR 1-4) for women who reported anal sex and 10
(IQR 1-3) for women who did not report anal sex. Anal symptoms were reported by 20.0% (n=17)
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of MSM, 15.7% (n=8) of women who reported anal sex and 3.5% (n=2) of women who did not
report anal sex (p<0.001). In total, 75.8% (n=72) of MSM in the sample reported only having sex
with men and 24.2% (n=23) reported having sex with both men and women. These and other
characteristics are described in table 1.

Anorectal chlamydial load in women and MSM

MSM who reported anal sex had a similar mean log anorectal chlamydia load (3.50) as women
who reported anal sex (3.80; figure 1, table 1). In multivariable analyses adjusting for age, anal
symptoms, urogenital symptoms and number of sex partners, results remained similar (B 0.29,
Cl-0.34-0.92, P=0.37). Anorectal chlamydia load was significantly higher in women who reported
anal sex (3.80) than in women who did not report anal sex (2.8, P=0.001). In multivariable analyses,
results remained similar (B 1.01, C1 0.35-1.67, P=0.003). When samples with unquantifiable load
were excluded from analyses, results comparing load values between groups remained similar.
The proportion of samples with an unquantifiable load was 8.9% (n=8) for MSM who reported
anal sex, 9.8% (n=5) for women who reported anal sex and 27.9% (n=17) for women who did not
report anal sex (P=0.03). Detectable load values ranged from 1.81-6.32 chlamydia/ml for MSM,
1.74-7.33 chlamydia/ml for women who reported anal sex and 1.84-6.31 chlamydia/ml for
women who did not report anal sex (figure 1).

Figure 1: Log-transformed number of cycle threshold per millilitre (Ct/ml) (load) in MSM, women who reported anal sex and
women who did not report anal sex, including load detection threshold, geometrical mean and mean difference between
groups tested by univariate linear regression analyses
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Among detectable load values, MSM who reported anal sex had a similar mean log anorectal
chlamydia load (3.74) as women who reported anal sex (4.13, P=0.09). Women who did not report
anal sex (3.53) had lower mean log anorectal chlamydia load compared to women who did report
anal sex (4.14, P=0.04) among detectable load values.

Determinants associated with anorectal load

None of the assessed determinants were significantly associated with anorectal load. Although
in multivariable analyses adjusted for proctitis and age, antibiotic use in the past month was
marginally significantly associated with anorectal chlamydia load. Individuals who used antibio-
tics in the past month had a 0.91 chlamydia/ml (95% Cl -0.01-1.83, P=0.05) higher anorectal
chlamydia load compared to individuals who did not use antibiotics in the past month. None of
the assessed determinants were associated with high load (i.e. the upper quartile versus the
other quartiles).

Discussion

Anorectal chlamydial load was comparable between MSM and women who reported anal sex.
Women who did not report anal sex had a lower anorectal load, but within a comparable range
to the other groups. Having anorectal symptoms was not associated with anorectal load in either
MSM or women.

Anorectal chlamydia is known to be equally prevalent in each of the three groups [9,17]. We
found an equal load in MSM and women who reported anal sex and no association with symptoms.
This may suggest that the direct clinical impact (in terms of symptoms) and the public health
impact (in terms of transmission potential) was similar between the two groups. In MSM and
women reporting anal sex, chlamydia detection is at least in part caused by transmission due to
anal sex. It is likely that transmission by anal sex causes the difference in mean load between
women who did and did not report anal sex. Yet, there may be different causes for detection of
anorectal chlamydia that affect the potential for further spread.

The anorectal chlamydia load in women who did not report anal sex remains unexplained. In
these women, the mean load was lower, yet load values were in the same ranges as for MSM or
women who reported anal sex. Moreover, the load differed with log 1 between women who did
or did not report anal sex, which is lower than the mean load in women who did not report anal
sex (log 2.8). This indicates that transmission routes other than anal sex could lead to substan-
tial anorectal chlamydia load (range 1.84-6.31) in women. Previous studies suggest that autoi-
noculation (self infection) through vaginal secretions [15,29-31], concurrent transmission during
sex [9] or infection via the intestinal canall32,33] could lead to microbiological detection in
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women. After oropharyngeal chlamydia infection, the intestinal canal could serve as a reservoir
that allows chlamydiae to persist indefinitely by immune down-regulation in the gut[32,33].
However, no studies in humans have confirmed any of these theories. Nevertheless, autoinocu-
lation seems a very likely explanation for the substantial load because of anatomical proximity.
Moreover, the majority (up to 95%) of women with an anorectal infection have a concurrent
urogenital infection [8,9,18].

In contrast, the majority of MSM with an anorectal infection have a rectal only infection [10,12]
(i.e. without urogenital infection). Unfortunately MSM who did not report anal sex were not inclu-
ded in this study. It would be interesting to further study whether load differs according to anal
sexual behaviour in MSM.

Since the sexual history asked about behaviour in the past six months, the women could have
had anal sex with a chlamydia positive partner more than six months prior to consultation.
Thereby, the recall period may be too short and the sexual history might not always be trust-
worthy. Possibly, MSM and women may have incorrectly reported whether or not they have had
anal sex.

Contamination during sampling, although unlikely, cannot be completely ruled out. However,
contamination by inadequate swab handling is unlikely to play a role since self-collected rectal
samples are as valid for testing as provider-collected swabs [3,4]. Environmental contamination
is unlikely since laboratory quality procedures reveal that positive samples do not cluster (data
not shown). Women who did not report anal sex had a higher proportion of unquantifiable load
samples compared to MSM and women who report anal sex. This finding concurs with the over-
all lower detectable load in this group. It is not surprising that these unquantifiable load samples
are tested positive with NAAT, but have a low load below detection level as the quantitative PCR
targets a single-copy gene and the NAAT a multi-copy gene. We cannot completely rule out false
positives among these unquantifiable load samples. However, this would be very unlikely
as routine CE certified NAATs with high sensitivity and specificity were used for diagnostics.
Moreover, there is no reason to assume this would be different for MSM and women.

Anal symptoms were not associated with anorectal load for either MSM or women. Other deter-
minants tested (for example age, nationality, number of sex partners or concurrent urogenital
chlamydia) were not associated with anorectal load in MSM or women. A study by Twin et al. also
concluded that there were no associations between anorectal chlamydia load and prior chlamydia
infection, symptoms or any demographic information [22]. This makes it difficult to target indivi-
duals with high load in care based on symptoms [15]. Targeting individuals with a high load
based on the report of anal sex may be an option. Yet it has limitations, as half of all anorectal
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infections in MSM and women would be missed based on previous studies[34]. Moreover,
women who did not report anal sex also have high anorectal chlamydia load (up to 6.31).
Nevertheless, the extent to which chlamydia load reflects transmission potential or further
consequences for morbidity (for example reproductive health in women) remains to be determined.

A systematic review of the epidemiology of organism load in genital chlamydia infection by Vod-
strcil et al. revealed that load varies by specimen type and site of sampling specimens. Culture
studies were more likely to have found an association between load and symptoms than NAAT
studies [16]. This could indicate that viable organisms, such as those measured by culture, may
be more relevant than total load, which is measured by NAAT. It is unknown whether this would
be any different between MSM and women. This makes chlamydia viability an important future
research area[16].

More research is needed to gain insight into the actual transmission of chlamydia, especially at
anorectal sites. Given the lack of better data based on innovative laboratory measurement and
transmission studies, and considering the similar load in MSM and women - whatever the reasons
for detection may be - we are likely looking at real infections with potential clinical and trans-
mission impacts. State-of-the-art practice acknowledges that anorectal chlamydia in MSM is
relevant in terms of testing and treatment. This study shows that anorectal infections in women
who report anal sex are of equal relevance, as chlamydia load values are comparable between
MSM and women. Anorectal infections are contributing to the growing number of observed
chlamydia cases in MSM and, according to recent studies, also in women [8,9,15]. Although the
exact impact of load is yet unclear, testing and treatment of anorectal infections seems to
remain important to preventing further spread and complications.

This study had several limitations. For practical reasons, a convenience sample was used in this
study. The individuals included were, on average, younger than excluded individuals, precluding
analyses in olderindividuals. There is some evidence to suggest that organism load in urogenital
samples is higher in young individuals than older individuals[16]. MSM were on average older
compared to women, which could have influenced load values. Nevertheless, anorectal chlamydia
load was not associated with age in our current study, so we expect bias to be minimal. In
addition, current data were limited since women with a rectal-only infection and MSM who did
not report anal sex were not included in this study. This makes it difficult to generalise results
to all MSM and women. Moreover, anal sex in MSM could not be stratified into receptive and
insertive anal sex, possibly leading to the misclassification of receptive anal sex. Although the
overall number of partners was recorded, there were no data available on the frequency of anal
sex among MSM; exposure may have been higher, leading to a possible overestimation of the
anorectal load in MSM. More research is needed to compare anorectal chlamydia load in MSM
with and without receptive anal sex, and women with and without concurrent infection.

A general limitation encountered in chlamydia load studies is the lack of knowledge about the
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duration and load curve of a chlamydia infection. Differences in load may be due to different
sampling moments during infection[35]. Possibly uncaptured bacterial factors (i.e. chlamydia
genotype, local microbiome and co-infections like candida or HPV) or host factors (i.e. local
immunity and microbiome) could explain variations in chlamydia load and it is unknown how
they affected the findings. Animal models could be useful to obtain more insight in replication
dynamics[35], although it is unclear whether these mechanisms are comparable to humans.
Samples with a high bacterial load may be presumed to be sampled at the height of infection,
while lower loads may indicate the beginning or resolution of a chlamydia infection[28].
Persistent chronic infections, with a low load which remains stable over a long period of time,
are also suggested in literature[36,37].

Some recommend standardisation of organism load measures by correcting for the number of
human cells present to account for sampling variability[16]. Counterarguments have put for-
ward that commonly used human targets such as HLA-, beta-globin- or beta-actin genes are too
broad a target for human cell quantification via PCR. They are present in all cells (for example
columnar, squamous and inflammatory cells), not just in columnar cells, which is the cell type
preferred by chlamydia[38]. It is to question whether normalisation of chlamydia by total human
cell count provides relevant information about the chlamydia per epithelial cell concentration
[39]. Caution must be used in samples with high inflammatory cell counts, as normalisation will
result in low chlamydia/cell loads. This is important in studies correlating clinical features to the
chlamydia load, as any positive relation might be masked using such an artificial low load. In this
study we did not correct for human cells, i.e. HLA, as we cannot differentiate between leukocytes
and epithelial cells with our PCR-assay. It is unlikely that this is a limitation to our study as
results remained similar when we corrected for human cells (data not shown).

Conclusions

In conclusion, anorectal chlamydia infections in women who reported anal sex have similar
bacterial loads as anorectal infections in MSM. This may imply similar transmission potential
and clinical relevance. More research on anorectal chlamydia load is needed (for example via-
bility and its role in transmission potential, and the development of sequelae).
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Chapter 9

Chlamydia trachomatis (CT) is a major public health problem. Nevertheless, it remains a conti-
nuous challenge to control its spread and the spread of other sexually transmitted infections
(STls) such as Neisseria gonnorhoeae (NG). In this thesis, current testing practices and guide-
lines were evaluated to provide recommendations for future policy. We evaluated both national
and international guidelines to obtain a broad perspective. Guidelines mainly focus on urogenital
infections, especially in women, lacking focus on extra-genital testing. Therefore, a specific
subject in this evaluation was extra-genital testing.

Prevalence and missed infections with current testing guidelines

Studies show anorectal CT/NG prevalence is substantial in MSM (1-18%)][1-10], as well as in
women (7-17%)[1,6,10-26]. Current guidelines recommend selective symptom and sexual
history based anorectal testing as standard operating procedure in STl clinics. In chapter 4 and
6 we evaluated this selective anorectal testing by routine universal anorectal screening, irres-
pective of reported risk behaviour (anal sex) or symptoms. This first study consisted of MSM and
swingers, as they are a risk group for (extra-genital) STI. The second study consisted of women
in general who visited the STl clinic. Prevalence of anorectal STl was substantial with 7%-12% in
MSM and women. In heterosexual male swingers the prevalence of anorectal STl was low (1.7%).
The sensitivity of selective testing to detect anorectal infections was low 40%-71% in all groups.
Over half of anorectal CT and NG infections would be missed using current selective testing in
MSM, swingers and women in general.

Possible routes of transmission

A possible explanation for these missed infections could be underreporting of anal sex. However,
this reporting bias is unlikely to explain a major part as then such bias would need to be
unrealistically high and consistent across studies and countries. Bias by using a recall period
that is too short to capture the behavioral exposure is probably more likely, given that anal sex
is usually recorded as behavior in a given time period (usually a couple of months]. Anal sex is
commonly reported by women and MSM[1,6,9,10,12-27]. Infections may have been acquired
before the beginning of the screening interval, and be unnoticed due to its asymptomatic nature
and lack of extra-genital testing. It has been suggested that anorectal pathogens may poten-
tially be transmitted by practices that involve contact with the anus other than penetrative
anal-genital sex (for example, by transmission by fingers or by sex toys). The anal use of fingers
and sex toys was reported frequently among women (20% and 9% respectively), but it was not
associated with anorectal CT as described in chapter 6. Another study found an association
between the anal use fingers/sex toys and anorectal STI[28]. Altogether, evidence for this is
inconclusive, and further studies are recommended to get more insight in alternative transmis-

sion routes such as fingers and sex toys.
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A different theory to explain anorectal CT detection involves the gastro-intestinal (Gl) tract as a
reservoir for CT detection. While asymptomatic CT infections have been detected in the Gl tract
of neonates exposed at birth, and rectal shedding has been observed in children in trachoma
endemic areas, the theory that the Gl tract could act as a reservoir in humans, was more
recently shaped by new observations in mice[29,30]. After oropharyngeal exposure to CT, the
bacterium can survive in the Gl tract due to down regulation of the immune system. However,
evidence to support long term persistence of CT in the Gl tract in human adults is lacking.
Contamination of the anorectal swab due to inadequate swab handling (cross-contamination
of genital infection) or by environmental exposure cannot be entirely ruled out[10,27]. However,
it is very unlikely that anorectal detection is caused by contamination[31] since sampling
instructions were clear. Trained study nurses provided women with a visual diagram and verbal
instructions about how to take separate self-collected vaginal and rectal swabs. The patient was
instructed to insert the swab 2.5 cm into the vagina/anus, rotate it for 5 to 10 seconds, and then
place it in a capped tube to avoid potential contamination. Moreover, positive samples did not
cluster, which makes environmental exposure during the laboratory analyses unlikely.

Anatomical site distribution

To obtain more insight in these anorectal infections, chapter 5 assessed the anatomic site
distribution of CT and NG in both MSM and women. The majority of women with an anorectal
infection has a concurrent urogenital infection (up to 95%). On the contrary, the majority of MSM
with an anorectal infection had a rectal-only infection, that is, without concurrent urogenital
infection (up to 86%). These results are conclusive with other studies; 83% to 90% concurrent
infectionsinwomen[11,18,23,32] and 70% to 91% rectal-only anorectalinfections in MSMI[3,5,8,9].
Possibly MSM more often have receptive anal sex compared to women. However, in our studies
from chapters 4 and 6 it appeared that MSM and women report anal sex about as often (31%
versus 53%). Other studies also concluded comparable rates of reported anal sex in both groups
of 4% to 100%[1,6,9,10,12-27]. Moreover, the proportion of anorectal infections missed is
comparable in women (47-71%) and MSM (40-52%), as is described in chapters 4 and 6. There-
fore a difference in reporting bias between MSM and women is expected to be minimal.

The most plausible reason for the difference in anatomic site distribution is autoinoculation of
vaginal secretions in women. Chapter 6 elucidates on this by showing that 95% of women with
anorectal CT have concurrent urogenital CT, and 75% of women with urogenital CT have concurrent
anorectal CT. The anatomical proximity of genital and anorectal site makes this plausible, but
this is not yet confirmed by rigorous data.

Treatment

In case treatment regimens are equal for urogenital and anorectal infections, concurrent anorectal
infections would be automatically treated when a urogenital CT infection is diagnosed. In the Nether-
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lands, Australia and the UK a 7 day course for doxycycline is recommended for anorectal CT and a
single dose azithromycin is recommended for urogenital CT[33-35]. In the US both therapies are
considered equal first line treatments for anorectal CT[36]. There is current debate in literature;
some studies conclude that azithromycin is a suboptimal treatment for anorectal CT[37-40], while
others found both treatments equally effectivel41]. A double blind RCT could provide answers to this
treatment debate.

Rectal-only infections

In light of this treatment debate, it is important to know who has a rectal-only infection and who
has a concurrent urogenital anorectal infection. In case concurrent anorectal infections are
coincidentally treated with a urogenital infection, rectal-only infections would not be treated as
they are not routinely tested for. As rectal-only infections are prevalent in both MSM and women,
chapter 7 assesses factors associated with rectal-only CT and NG infection in both groups. Only
few factors were found to be associated with rectal-only infections; for MSM, not being a sex
worker, exclusively having sex with men and absence of urogenital symptoms for rectal-only CT.
An other study also found that the absence of urogenital symptoms was associated with a rectal-
only CT infection in MSM[42]. Factors associated with rectal-only NG in MSM were having been
warned by an (ex) partner, having anoropharyngeal NG infection, and absence of urogenital
symptoms. For women older age and non-Western nationality were associated with rectal-only
CT. No factors were found to be associated with rectal-only NG in women which was in line with
a study by Trebach et al[42]. Previous STI testing in the past two years was not associated with
rectal-only infections. Therefore rectal-only CT/NG infections do not seem to cluster within
individuals. Overall, only a few factors were associated with rectal-only infections in both MSM
and women. This makes anorectal screening algorithms based on a priori patient characteris-
tics challenging, because of low discriminatory power.

Anorectal load

As shown in the study from chapter 7, prevalence of anorectal CT is comparable between MSM
and women, but the anatomic site distribution of CT/NG infections and factors associated with
rectal-only CT/NG infections differ between the two groups. This may give rise to questioning
whether anorectal infections in MSM and women detected by a NAAT are comparable in clinical
impact and transmission potential. Chapter 8 assesses the bacterial load of anorectal CT infec-
tions in (1) MSM who reported anal sex (as recommended in STI guidelines[36], and women with
concurrent urogenital chlamydia who (2) reported anal sex and (3] did not report anal sex. The
clinical impact may be considered in terms of symptoms. Anal symptoms were equally reported
between MSM and women with CT who reported anal sex (16%-20%) and this is consistent with
other studies[22]. Moreover, anal symptoms and other determinants were not associated with
load. Therefore, we might conclude that the clinical impact of anorectal STl is comparable
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between MSM and women. However, this only applies to non-LGV anorectal infections. In women,
LGV is very unusual, although systematic assessment of LGV in women is scarce[43].
Transmission potential could be carefully considered in terms of bacterial load (for example high
loads indicate a higher transmission potential for viral STIs[44]). The mean anorectal chlamydia
load was similar for MSM and women who reported having anal sex, indicating anorectal
infections in these groups are of equal relevance. Anorectal chlamydia load was significantly
higher in the latter two groups than in women who did not report having anal sex. This may imply
autoinoculation as a possible transmission route, explaining the lower load detected in women
who did not report having anal sex. However, detectable load values had a similar range in all
three groups. This shows that both high and low loads were found women who did not report
anal sex. This means that we should consider these positive anal tests as real infections as we
do in MSM.

Implications for practice and recommendations

Anorectal STl are contributing to the growing number of observed chlamydia cases in MSM and,
according to recent studies, also in women[14,18,45]. Therefore testing and treatment of
anorectal STl remains important. Moreover, adequate treatment reduces or prevents the clinical
impact of anorectal STI.

To improve extra-genital case finding, easy and acceptable testing methods are of great value.
The acceptance of NAATs for extra-genital testing was the first step in this process. In 2014, the
CDC published revised guidelines in which NAATs are also recommended for anorectal and
oropharyngeal chlamydia testing. However, NAATs are not FDA-cleared for use with anorectal or
oropharyngeal swab specimens[36]. The performance of nucleic acid amplification tests (NAATs)
with respect to overall sensitivity, specificity, and ease of specimen transport is better than that
of any of the other tests available for the diagnosis of chlamydial and gonococcal infections([1,46].
Additionally, extra-genital sampling sites should be clearly included in testing guidelines. High
prevalence of anorectal STI, low sensitivity of current selective testing and high rates of rectal-
only support routine universal anorectal screening in MSM. Especially, given the lack of useful
indicators for rectal-only infections, selective screening based on a priori patient characteristics
will have low discriminatory power in MSM. Additionally, the occurrence of LGV infections in
MSM support this active approach. In the UK, this active approach is already advised; the 2014
BASHH guidelines for asymptomatic MSM were revised; all anatomical sites should be sampled
in MSM (urethra, pharynx and rectum), regardless of reported behaviour. In addition, self taken
samples from the urethra, pharynx and rectum are acceptable alternatives to clinician taken
samples[34]. On the contrary, in the US, selective testing based on reported receptive anal inter-
course is advised[36].

Supporting evidence is lacking on extra-genital testing in heterosexual males. Although sensiti-
vity of selective testing was low for anorectal STl in this group, the prevalence of anorectal STI

was also low.
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In women, routine universal anorectal screening could be supported by the substantial preva-
lence of anorectal CT. However, costs might be a problem. Moreover, women have high shares
of concurrent anorectal-urogenital infections. Up till now it is not clear whether these concurrent
anorectal infections are coincidentally treated with the urogenital infection. However, NAATs
detect anorectal STl in women and women also have high anorectal CT loads, even when anal
sex was not reported. Theoretically, these anorectal infections in women could lead to transmis-
sion between individuals, and possibly also within an individual, causing reproductive health
problems. Therefore it is important to treat anorectal STl in women. By restricting anorectal
testing to women with genital infections, concurrent anorectal infections would be diagnosed. A
more cost-effective strategy to achieve this, without having to ask the women to come back for
anorectal testing, could be to directly take an anorectal sample at the routine genital STI
screening visit, but to only do further anorectal laboratory testing only on women who tested
positive for their genital infection in the laboratory. In such case, fewer anorectal laboratory
tests would have to be performed compared to routine screening of women, perhaps reducing
costs. Yet, such phased testing strategy would also demand more complex laboratory logistics,
increase time to return test results. Also, this strategy would also leave out the rectal-only
infections that remain untested and unmanaged. Rectal-only CT infections are hard to target in
practice given the lack of useful indicators to guide selective screening.

Restrictions in financial means for anorectal testing has led some clinicians to taking a pragmatic
approach by directly treating genital CT positive women with doxycycline, assuming this will
treat a potential concurrent anorectal infection better than when using azithromycin. Still, the
strategy to use doxycycline in anorectal CT is not based on solid evidence and is limited by the
higher non-compliance rates seen with doxycycline use[47]. Until we better understand the
effectiveness in clinical daily practice of anorectal CT treatment regimens, the impact of not
testing anorectal CT in women is difficult to assess. Well designed randomized controlled trials
on this topic are needed.

Key messages

Anorectal CT and NG could form a high potential for avoidable transmission and to some extent
for avoidable morbidity in MSM and in women. Anorectal CT and NG can be successfully detected
using NAAT on simple self-taken samples and both men and women are willing to test. Strategies
to increase the reach of these self-taken samples, and thereby lower barriers to accessing STI
care for both patients and providers. More studies are needed for strategies to increase the
reach of these self-taken samples, and thereby lower barriers to accessing STl care for both
patients and providers, including the use of internet-based programs, e-health strategies and
home-collection.
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Testing should not solely be guided by symptoms or behavioural exposure as the large majority
of anorectal STl are asymptomatic and over half of the anorectal infections occur in the absence
of (the patient reporting) such exposures in both MSM and women. The majority of anorectal
infections in MSM are rectal-only nfections that are not being coincidentally treated by managing
urogenital infections. Lacking better data to guide testing, routine anorectal CT and NG testing
is warranted in MSM. In women, a more restricted testing policy could be preferred. As the
majority of women with an anorectal infection have a concurrent urogenital infection this could
be (1) anorectal testing in women with genital infections, or (2] directly treating urogenital CT
positive women with doxycycline.

Knowledge gaps for future research

To date, there is no evidence that the clinical impact and the public health impact, in terms of
symptoms and transmission, of anorectal infections is any different for women than it is for
MSM. To fully understand the impact of anorectal infections, future studies should address
extra-genital and genital morbidity caused by extra-genital infections. Randomized controlled
trials are needed to determine whether treatment efficacy for extra-genital infections differs
from that of genital infections. The full spectrum including potential further transmission of
extra-genital infections to genital sites and related morbidity has not yet been evaluated in
women. Prospective studies in couples or modelling studies could reveal more insight on the
transmission probabilities between partners and between anatomic sites, and the associated
factors. Morbidity and transmission may depend on the extent the bacteria is able to replicate
or presents in high loads, which is unknown in MSM and in women. Studies using appropriate
laboratory techniques, such as quantitative PCR for measuring bacterial load, and culture to
detect viable bacteria and antibiotic resistance, to address these aspects are needed. These will
greatly aid our understanding of extra-genital infections and the differences presented by these
infections in MSM and women.

Finally, cost-effectiveness of extra-genital testing has been evaluated for HIV infected MSM and
was shown cost-effective in case of anorectal CT and NG. While it has been suggested that the
lower prevalence of NG in women overall makes it more costly to screen for both CT and NG in
women compared to MSM, this is in practice not likely a valid argument as most NAATs for CT
are duplex assays also measuring NG with the same costs. Hidden anorectal infections might
fuel the transmission of CT and NG and thereby increase the overall STI burden. This may be
very important in the context of HIV and anorectal infection.

STI care providers should be aware of which (sublgroups they need to test more often and the
common occurrence of extra-genital infections. Ideally, STI care providers give care providers
knowledge on where to find certain expertise, such as on anorectal testing. This would enhance
integrating the services between STl care providers in a region to optimise CT test practice and
improve the cooperation between STl care providers.
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The studies described in this thesis assessed the effectiveness of the current national and inter-
national procedures to control Chlamydia trachomatis (CT), including the current testing practi-
ces and guidelines, and provide recommendations for future policy and research.

Chapter 2: CT screening to reach young people in addition to regular care

Internet-based Chlamydia Screening was introduced in the Netherlands in 2008-2010 to detect
and treat asymptomatic infections, and to limit ongoing transmission through annual testing
and treatment of CT in young people (16-29 years). A key stone for an effective large scale
screening programme is capturing substantial numbers of new, CT positive, individuals in ad-
dition to regular care such as the sexually transmitted infection (STI) clinic, GPs, and gynaecolo-
gists. By using data from all CT care providers in Eastern South Limburg from 2006 to 2010, we
found that the majority (81%, 4298/5352) of CT screening participants have not been previously
tested by regular care. CT prevalence was similar in persons who were previously tested by
regular care (4.5%) and persons who were not previously tested by regular care (4.8%). Thereby,
population based CT screening adds to regular care by testing a hidden key population of young
individuals hidden to current care.

Chapter 3: CT testing within one geographical region

Dutch STI care is organized in a similar way as in the UK and Australia, with a major role for
public health care, ie, STl clinics, and general practitioners (GPs). STl clinics serve specific high-
risk groups, including young people (aged <25], while GPs serve a more general population.
To obtain more insight in CT testing practices among young people, we evaluated and compared
CT test practices of different STl care providers; STl clinics, GPs, gynaecologists and chlamydia
screening in one geographical area (Eastern South Limburg). A total of 22.831 tests were performed
and 8.2% were positive (n=1868). Results show that STl clinics performed most CT tests in men,
whereas GPs performed most CT tests in women. Gynaecologists perform a substantial proportion
of CT testing in women, although GPs and STI clinics are mainly responsible for CT diagnosis.
For all STl care providers, higher age (22-29 years Jwas associated with increased testing, but
lower test positivity. Extra-genital CT testing is rarely performed outside the STl clinic and needs
to be promoted, especially in men who have sex with men (MSM], because of the high preva-
lence of extra-genital STI. Evaluations such as provided here can help optimise CT test practice
and could improve the cooperation between STI care providers, which is already in place in

several countries.

Chapter 4: Anorectal CT/NG infections missed in MSM and swingers

MSM and swingers are an important risk group for STl including anorectal STI. Current guidelines
advocate symptom- and sexual history-based anorectal testing (selective testing). In this study, all
MSM and swingers (N=1690) visiting the STl clinic were tested routinely universally at anorectal site
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to evaluate the sensitivity of selective anorectal testing. Prevalence of anorectal CT/NG by routine
universal anorectal testing was 9%/4% for homosexual MSM, 7%/3% for bisexual MSM, 4%/1% for
bisexual male swingers, 1%/0.3% for heterosexual male swingers, and 7%/1% for female swingers.
Sensitivity of selective testing varied between 40%-52% in the different risk groups. In conclusion,
over half of anorectal CT and NG infections were missed in MSM and swingers using current
selective symptom- and sexual history-based testing. Routine universal anorectal testing may be a
more effective strategy for interrupting the ongoing transmission in high-risk sexual networks.

Chapter 5: The anatomical site distribution of CT/NG in MSM and high-risk women

Insight into the anatomical site distribution of STl is important to understand the appropriate-
ness of current extra-genital control strategies, for example coincidental treatment with uroge-
nital infections. We included MSM (N=2436) and high-risk women (prostitutes and swingers,
N=1321) who were routinely universally tested for anorectal, oropharyngeal and urogenital CT
and/or NG. Overall CT/NG prevalence was 10%/6% in MSM and 7%/3% in high-risk women.
Rectal-only infections, that is, without concurrent urogenital infection, accounted up to 76% of
all infections in MSM and 59% in women. For concurrent infections this amounted to 14% for
MSM and 54% for high-risk women. Therefore, testing only for urogenital infections is insuffi-
cient, as many infections would be overlooked. The use of coincidental treatment is a suboptimal
control strategy for halting complications and transmission. There is an urgent need to optimise
extra-genital STI testing guidelines, for example routine universal testing in high-risk groups.

Chapter 6: Anorectal CT/NG infections missed in women

Besides in MSM and swingers, anorectal STl are also prevalent in women. It is unknown whether
current symptom- and sexual history-based anorectal testing (selective testing) is an effective
STl control strategy in women. In this study all women visiting the STI clinic were routinely uni-
versally tested at anorectal site. A total of 92% (N=654) of women participated, which indicates
high acceptability and feasibility of anorectal testing in women who do not report anal sex.
Prevalence of urogenital CT was 11%, prevalence of anorectal CT was 8%. NG infections were
not observed. Two thirds of women with anorectal CT did not report anal sex and/or symptoms.
Young age was the only determinant associated with anorectal CT. Of all women with anorectal
CT, 95% had concurrent urogenital CT. Of all women with urogenital CT, 71% also had anorectal
CT. Current symptom- and sexual history based anorectal testing in women is not an appropri-
ate control strategy, as two thirds of anorectal CT would be missed. Alternative options could
be routine universal anorectal testing, anorectal testing in women with urogenital CT or direct
treatment effective for both urogenital and anorectal CT.

Chapter 7: The prevalence and determinants of rectal-only CT/NG
Anorectal STl can occur as a rectal-only infection or concurrently with a urogenital infection.
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To optimise screening practices, it is important to characterise the target groups in which rectal-
only infections occur. Data from the STl clinics in Amsterdam and South Limburg were used to
assess factors associated with rectal-only CT/NG infections in MSM (N=9549] and women
(N=11113). The prevalence of anorectal CT (10%) and NG (4%) was substantial in MSM and
prevalence of anorectal CT was also substantial in women (10%). Anorectal infections occurred
mostly as rectal-only infections in MSM and mostly concurrent with other infections in women.
Only a few factors were associated with rectal-only infections, and the discriminatory power
of associated factors was low in both MSM and women. This makes anorectal screening algori-
thms based on a priori patient characteristics challenging in practice.

Chapter 8: Anorectal CT load

Non-Lymphogranuloma venereum anorectal CT is as frequently diagnosed in MSM as in
women, but it is unknown whether these infections are comparable in clinical impact and
transmission potential. By quantifying bacterial load and identifying determinants associated
with high bacterial load in MSM (N=90] and women (N=112] we could provide more insight.
In this study, we carefully considered transmission potential in terms of bacterial load, as is
the case with viral STls. The mean log anorectal CT load was similar for MSM and women who
reported having had anal sex, suggesting similar transmission potential. Anorectal CT load was
significantly lower in women who did not report having had anal sex, but the load values were
within a similar range. Symptoms were reported equally among the groups and were not asso-
ciated with anorectal CT load, suggesting similar clinical impact among the groups.

Chapter 9: General discussion

In chapter 10 we discuss the main findings of this thesis. Anorectal CT/NG infections are contri-
buting to the growing number of observed CT cases in MSM and in women. To prevent sequelae
and halt transmission, testing and treatment of anorectal CT/NG are important. Anorectal CT
and NG can be successfully detected using NAAT on simple self-taken samples.

In MSM, high prevalence of anorectal CT/NG, low sensitivity of current selective testing, high
rates of rectal-only infections, the lack of useful indicators for rectal-only infections and the
occurrence of LGV support routine universal anorectal screening. This active approach is
already implemented in the UK, but in the US selective symptom- and sexual history based is
advised.

In women we found high prevalence of anorectal CT, low sensitivity of current selective testing
and high rates of concurrent infections. Several options are discussed to improve anorectal
testing in women such as routine universal anorectal screening, anorectal testing in women
with urogenital infection, or direct treatment effective for both urogenital and anorectal CT, for
example, doxycycline.
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Future studies are needed to fully understand the impact of anorectal infections. For example,
the anorectal and urogenital morbidity and transmission potential of anorectal infections,
the treatment efficacy for anorectal infections, or the cost-effectiveness of extra-genital testing

in women.
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Chapter 10

Dit proefschrift beschrijft verschillende onderzoeken naar de effectiviteit van het huidige inter-
nationale en nationale Chlamydia trachomatis (CT) testbeleid, waaronder de huidige testpraktij-
ken en richtlijnen, en geeft aanbevelingen voor toekomstig beleid en onderzoek.

Hoofdstuk 2: CT screening om jongeren te bereiken als aanvulling op de reguliere zorg

In Nederland werd tussen 2008 en 2010 gestart met Chlamydia Screening via het internet.
Het doel van deze screening was het onderbreken van CT transmissie door het opsporen en
behandelen van asymptomatische infecties. Dit werd gedaan door jongeren (16-29 jaar] jaarlijks
te testen en te behandelen. Een belangrijk onderdeel van een effectieve grootschalige screening
is het opsporen van CT positieve jongeren die nog niet bekend zijn bij de reguliere CT zorg zoals
de seksueel overdraagbare aandoening (SOA) poli, huisartsen en gynaecologen. We hebben
gegevens gebruikt van alle CT zorgverleners in Oostelijk Zuid-Limburg van 2006-2010. Het
merendeel (81%, 4298/5352] van de jongeren die deelnamen aan de CT screening was nog niet
eerder getest door de reguliere zorg. Het deel positief geteste jongeren was vergelijkbaar bij
jongeren die eerder door reguliere zorg getest waren (4.5 %) en jongeren die niet eerder door
reguliere zorg getest waren (4.8%). Concluderend kunnen we stellen dat CT screening heeft
bijgedragen aan de reguliere CT zorg door een groep jongeren te testen die voorheen verborgen
waren voor de zorg.

Hoofdstuk 3: CT testen binnen één regio

De Nederlandse SOA zorg is op een soortgelijke wijze georganiseerd als in Engeland en Australié
met een belangrijke rol voor de publieke gezondheidszorg, zoals SOA poli’s en huisartsen. SOA
poli's richten zich op specifieke risicogroepen, waaronder jongeren (<25 jaar), terwijl huisartsen
zich richten op de algemene bevolking. Graag willen we meer inzicht krijgen in test gedrag
onder jongeren. We hebben gegevens vergeleken van alle CT zorgverleners in Qostelijk Zuid-
Limburg; SOA poli's, huisartsen, gynaecologen en CT screening. In totaal zijn er 22.831 CT testen
gedaan; 8.2% (n=1868) van de testen was positief voor CT. De SOA poli’s hebben meer mannen
getest terwijl de huisartsen meer vrouwen getest hebben. Gynaecologen hebben een aanzienlijk
deel van de vrouwen getest, maar de meeste CT positieven werden gevonden door SOA poli's en
huisartsen. Bij alle zorgverleners werden oudere personen (22 tot 29 jaar) vaker getest, maar
waren oudere personen minder vaak positief voor CT. Anale en orale testen worden zelden
gedaan buiten de SOA poli. Dit moet onder de aandacht gebracht worden bij de andere zorg-
verleners. Voornamelijk bij mannen die seks hebben met mannen (MSM) moeten anaal en
oraal getest worden vanwege de hoge prevalentie van niet-genitale SOA. Evaluaties zoals deze
kunnen helpen om de samenwerking tussen SOA zorgverleners en de zorg te verbeteren, zoals
al gedaan wordt in verschillende landen.
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Hoofdstuk 4: Anale CT/NG infecties gemist bij MSM and swingers

MSM en swingers zijn een belangrijke risicogroep voor SOA, inclusief anale SOA. De huidige
richtlijnen adviseren selectief anaal testen op basis van gerapporteerd gedrag; anale seks of
anale symptomen. Met deze studie willen we kijken of we met het huidige beleid, selectief
testen, infecties missen. Alle MSM en swingers (N=1.690) die de SOA poli bezochten werden
routinematig anaal getest. De prevalentie van anale CT/NG door routinematig anaal testen was
9%/4% voor homoseksuele MSM, 7%/3% voor biseksuele MSM, 4%/1% voor mannelijke swingers,
1%/0.3% voor heteroseksuele mannelijke swingers, en 7%/1% voor vrouwelijke swingers. Met
selectief anaal testen wordt tussen de 48-60% van de anale infecties gemist bij MSM en swingers.
In deze hoog risicogroepen kan routinematig anaal testen een betere strategie zijn om trans-

missie van SOA te onderbreken dan selectief testen.

Hoofdstuk 5: De verdeling van CT/NG over lichaamslocaties bij MSM en hoog-risico vrouwen
Inzicht in de verdeling van SOA over de lichaamslocaties is belangrijk om de controle strategieén
voor anale en orale SOA te evalueren. Een mogelijke controle strategie is het gelijktijdig mee
behandelen van een anale infectie, als er een genitale infectie is vastgesteld. In deze studie zijn
alle MSM (N=2436) en hoog-risico vrouwen (prostituees en swingers, N=1321) routinematig
getest op anale, orale en genitale CT en/of Neisseria gonorrhoeae (NG). De prevalentie van CT/
NG was 10%/6% bij MSM en 7%/3% bij hoog-risico vrouwen. Bij MSM waren tot 76% van alle
infecties geisoleerd anaal, dus zonder gelijktijdige genitale infectie. Bij vrouwen was dit tot 59%.
Het aandeel gecombineerde infecties, dus gelijktijdig een genitale en anale infectie, liep op tot
14% voor MSM en 54% voor vrouwen. Uit deze resultaten blijkt dat alleen genitaal testen niet
voldoende is, veel anale en orale infecties worden zo gemist. Het gelijktijdig behandelen van een
niet-genitale infectie is dus geen goede strategie om complicaties en transmissie te voorkomen.
Eris een grote behoefte aan verbeterde richtlijnen voor niet-genitaal testen, bijvoorbeeld routine-
matig anaal testen in hoog risico groepen.

Hoofdstuk 6: Anale CT/NG infecties gemist bij vrouwen

Buiten MSM en swingers, komen anale SOA ook veel voor bij vrouwen. De huidige richtlijnen
adviseren selectief anaal testen op basis van gerapporteerd gedrag; anale seks of anale symp-
tomen. Voor deze studie werden alle vrouwen die de SOA poli bezochten routinematig anaal
getest om te kijken of we met het huidige beleid, selectief testen, infecties missen. 92% (N=654)
van de vrouwen wilde meedoen aan de studie. Dit geeft aan dat vrouwen het acceptabel vinden
om een anale swab af te nemen, terwijl zij geen anale seks gemeld hebben. Prevalentie van
genitale CT was 11%, en de prevalentie van anale CT was 8%. Er waren geen NG infecties gevonden.
Twee derde van de vrouwen met een anale CT hadden geen anale seks of anale klachten
gemeld. Jonge leeftijd was de enige factor die een verband had met anale CT. Van alle vrouwen
met anale CT, had 95% ook een genitale CT. Van alle vrouwen met een genitale CT, had 71% ook
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een anale CT. Met het huidig selectieve testbeleid worden dus twee derde van de anale CT infecties
bij vrouwen gemist. Mogelijke alternatieven kunnen zijn: routinematig anaal testen van vrouwen,
vrouwen met een genitale CT ook anaal testen of een behandeling geven die werkt tegen genitale
en anale CT.

Hoofdstuk 7: De prevalentie en factoren die verband hebben met geisoleerde anale CT/NG
Anale SOA kunnen geisoleerd voorkomen, of tegelijkertijd met een genitale infectie. Om het
testbeleid te verbeteren is het belangrijk om te weten welke risico groepen geisoleerde infecties
hebben, omdat er niet standaard anaal getest wordt. We hebben data gebruikt van de GGD
Amsterdam en de GGD Zuid Limburg om te kijken welke factoren een verband hebben met
geisoleerde anale CT/NG infecties bij MSM (N=9549) en vrouwen (N=11.113). De prevalentie van
anale CT (10%) en NG (4%) was substantieel bij MSM en de prevalentie van anale CT was ook
substantieel bij vrouwen (10%). Bij MSM waren de meeste anale infecties geisoleerd, terwijl bij
vrouwen de meeste anale infecties gecombineerd waren met een genitale infectie. Slechts een
aantal factoren hadden een verband met geisoleerde anale infecties, en dit was niet voldoende
om een onderscheid te maken tussen hoog- en laag risico personen. Dit maakt het lastig een
testbeleid te ontwikkelen op basis van persoonskenmerken of indicatoren.

Hoofdstuk 8: Anale CT load

Anale CT, geen Lymphogranuloma venereum, komt even vaak voor bij MSM als bij vrouwen. Het
is echter onbekend of deze infecties vergelijkbaar zijn tussen deze groepen wat betreft klinische
impact (klachten) en transmissie potentie. Met deze studie proberen we hier meer inzicht in te
krijgen door de bacteriéle load (het aantal bacterién per swab) te bepalen bij MSM (N=90] en
vrouwen [N=112], en te kijken welke factoren van invloed zijn op de load. In deze studie bekijken
we transmissie potentieel met de load, zoals bij virale SOA. Een hoge load betekent dan een
hoog transmissie potentieel. De gemiddelde anale CT load was hetzelfde bij MSM en vrouwen
die anale seks gemeld hadden, dit suggereert een gelijk transmissie potentieel. De anale CT
load was lager in vrouwen die geen anale seks gemeld hebben, maar de waardes waren in
dezelfde marge als personen die wel anale seks gemeld hebben. Klachten waren gelijk bij MSM
en vrouwen, en ze hadden geen invloed op load. Dit suggereert een gelijke klinische impact bij
MSM en vrouwen.

Hoofdstuk 9: Algemene Discussie

In hoofdstuk 10 bespreken we de belangrijkste bevindingen van dit proefschrift. Anale CT/NG
dragen bij aan het stijgende aantal CT infecties bij MSM en vrouwen. Om complicaties te voorkomen
en transmissie te stoppen is het belangrijk om te testen voor anale infecties en deze ook te
behandelen. Anale CT en NG kunnen getest worden met een NAAT met behulp van makkelijke
zelf afneembare swabs.
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In MSM pleiten de hoge prevalentie van anale CT/NG, de lage sensitiviteit van het huidige selec-
tieve testen, hoge aantallen geisoleerde anale infecties, een gebrek aan bruikbare indicatoren
om geisoleerde anale infecties op te sporen en het voorkomen van ernstige LGV infecties voor
routinematig anaal testen. Deze actieve aanpak wordt al gebruikt in het Verenigd Koninkrijk,
maar in de VS wordt nog selectief getest op basis van anale seks en symptomen.

Bij vrouwen vonden we een hoge prevalentie van anale CT, lage sensitiviteit van het huidige
selectieve testen en hoge aantallen gecombineerde anale en genitale infecties. Verschillende
opties worden besproken om het anaal testen van vrouwen te verbeteren zoals routinematig
anaal testen, anaal testen van vrouwen met genitale infectie, of een behandeling geven die werkt
tegen genitale en anale CT.

Toekomstige studies zijn nodig om de impact van anale infecties volledig te begrijpen. Bijvoor-
beeld het bekijken van anale en genitale morbiditeit, transmissie potentieel van anale infecties,
de effectiviteit van de behandeling van anale infecties, en de kosteneffectiviteit van anaal en
oraal testen bij vrouwen.
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| did it! Maar natuurlijk niet alleen. In dit dankwoord wil ik iedereen bedanken die een bijdrage
aan dit proefschrift heeft geleverd, op allerlei denkbare manieren. Wat zijn ze voorbij gevlogen,
die 4 jaar als promovendus.

Als eerste wil ik de afdeling Seksuele Gezondheid van de GGD Zuid Limburg bedanken. De dokters-
assistenten voor het verzorgen van de logistiek, de artsen voor de vele vragen en het meedenken,
en natuurlijk de verpleegkundigen voor alle bovengenoemde taken, het werven, communiceren
en wat al niet meer. Door jullie enthousiasme en inzet hebben er zoveel mensen aan de studies
meegedaan. Het vergt kennis en professionaliteit om personen een anale swab te laten afnemen
die geen anale seks hebben gehad. Het was niet altijd makkelijk, het extra werk van de onder-
zoeken kwam bovenop de reguliere werkzaamheden. Het is jullie gelukt. Dank aan de unithoofden
Anne-Marie Niekamp en Mieke Steenbakkers, dat dit mogelijk is. Uiteraard wil ik ook de deel-

nemers aan de studies bedanken.

Prof dr. Christian Hoebe, beste Christian, bedankt dat je mij de kans hebt gegeven om op jouw
afdeling te komen werken, en later zelfs te promoveren. Deze kans kwam voor mij op het
perfecte moment. Jouw enthousiasme werkt aanstekelijk, en door jouw positieve houding was
geen probleem onoverkomelijk. Jij leerde me hoofd- en bijzaken te onderscheiden, knopen
doorhakken en natuurlijk de truc met het bierviltje! Naast je professionele kwaliteiten beschik
je over een dosis humor die de vele overleggen, congressen en treinreizen significant leuker
gemaakt heeft.

Dr. Nicole Dukers-Muijrers, beste Nicole, bedankt dat je me wegwijs hebt gemaakt in de wereld
van de epidemiologie en het schrijven van artikelen. Wat heb ik veel van je geleerd. Door jouw
kennis en expertise mag ik me nu zelfs epidemioloog noemen. Talloze SPSS outputs hebben de
revue gepasseerd, nog niet te spreken over X versies van manuscripten. Jij maakte altijd tijd om
ze kritisch door te nemen. Je stond altijd voor me klaar met feedback, tips en adviezen, maar je

liet me ook zelf keuzes maken en verantwoordelijkheid nemen.

Ik mocht als groentje zelfs naar Québec Canada om mijn eerste ingediende abstract te presen-
teren op een internationaal congres! Dit was nog voordat ik was begonnen aan mijn promotie

traject. Door jullie vertrouwen in mij, heb ik vertrouwen in mijzelf gekregen.

Collega’s van de GGD, afdeling Seksuele Gezondheid, Infectieziekten en Milieu, bedankt voor
jullie interesse in zowel mijn proefschrift als mijn persoon. Dames van het secretariaat, bedankt
voor de ondersteuning. Een speciaal word van dank aan Ine en Helen. Ine, al dat opschoon-
werk... dit zegt voldoende denk ik! Bovendien was je altijd geinteresseerd, en heb je met me
meegeleefd bij alle pieken en dalen. En Helen, wat moeten we zonder Helen? Werkelijk alles
kon ik je vragen, en binnen no time had je het geregeld.
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De onderzoekers, wat begon als kleine club is uitgegroeid tot een heuse unit, inclusief blitse
groepsfoto. Laura, ik begon bij de GGD met jou als kamergenoot en ik kon je altijd vragen om
hulp. Inmiddels hebben we al aardig wat data vraagstukken opgelost, ik hoop dat we in de toe-
komst kunnen blijven samenwerken. Angelique, bedankt voor alle leuke momenten, waaronder
ons tripje naar Edinburgh. | make proefschrift! Steffi en Jeanne, de volgende lichting bij de GGD.
Ik geniet elke dag van onze lunchwandelingen, en natuurlijk het ‘buurten’ bij jullie. Heel veel
succes met jullie promotietrajecten! Lisanne, mijn nieuwe kamergenoot. Je trof me niet in de
meest rustgevende fase van mijn promotie, maar desondanks liggen we regelmatig in een deuk.
Ik hoop dat jij binnenkort ook een promotie traject kunt starten, mijn hulp staat altijd klaar.
Last but not least, Kevin, mijn paranimf. Dit was geen moeilijke keuze. Samen zijn we aan dit
avontuur begonnen en ik kon altijd bij je terecht, met een lach of met een traan. Ik heb veel van
je geleerd, meer dan jij je zelf realiseert. En wat hebben we gelachen al die jaren, humor rela-
tiveert, dat weten wij als geen ander. Ik vind het erg jammer dat we geen collega’s meer zijn,
maar natuurlijk hoop ik dat we elkaar nog vaak zien. Zet hem op met de laatste loodjes van je
proefschrift!

Ik wil ook mijn collega’s bij de Medische Microbiologie bedanken. Petra, onze samenwerking
heeft veel toegevoegde waarde. Bedankt dat ik jullie data en expertise mocht gebruiken, onder
andere voor het load artikel, er ging een wereld voor me open. Anne D, bedankt voor al die load
bepalingen. Het was een hele klus, maar de resultaten mogen er zijn. Succes met je opleiding
en natuurlijk je promotie.

Graag wil ik ook alle coauteurs bedanken voor hun medewerking. In het bijzonder de project-
groep van de Chlamydia Screening Implementatie (CSI) collega’'s van de GGD Amsterdam,
GGD Rotterdam en het RIVM, bedankt voor de prettige samenwerking, ik hoop dat we dit in de
toekomst kunnen voortzetten!

Leden van de promotiecommissie, bedankt dat u wilde plaatsnemen.

Lieve vrienden, jullie zorgden voor de ontspanning! Allereerst de chicks en David (hihi), bedankt
voor de leuke weekendjes, festivals, verjaardagen, feestjes en bioscoopbezoekjes.

Een aantal mensen wil ik graag persoonlijk bedanken. Melissa, Valérie en Astrid S, wat heerlijk
die Zumba lessen! Op die momenten kon ik alles letterlijk van me af schudden. Jos&Melissa, we
delen onze liefde voor het Bourgondische leven. Bedankt voor de gezellige etentjes en de goede
gesprekken. Jos, fijn dat je me hebt laten kennismaken met de hobby hoddelen, even de
gedachten ergens anders op zetten werkt verhelderend. Joélle, hoelang zijn we al bevriend?
Binnenkort ons 25 jarig jubileum vieren...Bedankt dat je er bent op de momenten dat het nodig
is. Denise, bedankt voor je luisterend oor, en natuurlijk het ‘babysitten” op Bér. Carola, we kunnen
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het nog steeds! Anne M, als het mocht was jij mijn derde paranimf. Dat was wel een moeilijke
beslissing. De tijd samen in Amsterdam en Brussel, en de vele jaren tot nu toe, zal ik nooit
vergeten. Jij stond altijd paraat met de goede woorden. Ik hoop dat we nog lang bevriend zullen
blijven en daar twijfel ik niet aan :-). Stefanie, chama, mijn tweede paranimf. Hoe kan ik het beter
zeggen: contigo tenia el mejor tiempo de mi vida. We hebben samen een dosis levenservaring
opgedaan in de vorm van 6 maanden bivakkeren in Venezuela, en nu gaan we allebei promo-
veren. Pana, ik ben blij dat jij achter mij staat tijdens mijn promotie. Wie weet wat nog op ons pad

komt in de toekomst, nos vemos!

Maria, Hub, Frederique en Regine, bedankt voor het warme welkom bij de familie Gustings.
Jullie waren altijd geinteresseerd in mij en de promotie, zie hier het resultaat!

Hans, Leon en Sander, jullie behoren ook tot mijn familie. Hans bedankt voor alles.

Petetante Diana, bedankt voor je vertrouwen en je trots. Je bent een doorzetter, dat heb ik
van jou geleerd. |k weet zeker dan bon-papa en Noé vandaag bij ons zijn en meegenieten van

deze dag.

Bonne-maman, lieve Francisca, door u ben ik geworden wie ik nu ben. U heeft mij geleerd het

beste uit mezelf te halen en altijd te blijven leren. Bedankt voor alles.

Mutti, bedankt dat je er altijd voor mij was, ook als ik meer te klagen dan te kletsen had. Door
jou heb ik geleerd wat hard werken is. Je hebt me altijd gestimuleerd mijn eigen weg te gaan,
ook al was dit niet het gebaande pad. Leef mam, bedankt voor de liefdevolle opvoeding. Ik had

geen betere moeder kunnen wensen.
Vincent, miene leeve. Jij stond aan de wieg van mijn beslissing om te gaan promoveren, nog

voordat we samen door het leven gingen. |k ben zo gelukkig met jou, woorden schieten te kort.
Bedankt dat je altijd voor me klaar staat. Ich hou van dich <3.
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Curriculum Vitae

Geneviéve van Liere werd geboren op 15 april 1987 in Heerlen. Zij behaalde haar VWO diploma
in 2005 aan het Stella Maris college te Meerssen. In 2005 is ze verhuisd naar Amsterdam
en begonnen aan de studie Gezondheidswetenschappen aan de Vrije Universiteit (VU). Voor
haar bachelor stage aan de Vrije Universiteit Brussel onderzocht ze de kwaliteit van leven
bij terminale longkanker patiénten. In 2008 startte ze met de Master Infectieziekten aan de
VU Amsterdam. Haar afstudeerstage heeft ze in Venezuela gedaan, waar ze de prevalentie,
risicofactoren en mogelijke besmettingsbronnen onderzocht van de darmparasiet Schistosoma
mansoni. Haar Master diploma behaalde ze in mei 2010, en in oktober datzelfde jaar is ze
begonnen als onderzoeker/datamanager bij de GGD Zuid Limburg. Als onderzoeker heeft ze
aan diverse onderzoeken meegewerkt o.a. over Q koorts en SOA. Gedurende haar loopbaan
bij de GGD verzorgt ze het datamanagement van de SOA data, en heeft ze haar registratie
Epidemioloog A en B behaald. In 2011 startte ze met haar promotie onderzoek, in samenwerking
met de afdeling Medische Microbiologie van het Maastricht Universitair Medisch Centrum
(MUMC+) en de School for Public Health and Primary Care (CAPHRI], onder leiding van Prof.
dr. Christian Hoebe en dr. Nicole Dukers-Muijrers.
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Portfolio

Courses and training

2015
Epidemiologist B (post doctoral epidemiologist) 2011-2015, the Dutch Society of Epidemiology.

2013

Epidemiologist A (pre-doctoral epidemiologist), the Dutch Society of Epidemiology.
Advanced Statistical Techniques by Maastricht University.

Creativity Workshop by the Centre for the Development of Creative Thinking (COCD).

2012

Multilevel Analyses of Longitudinal Data by Maastricht University.
Project Management by Teams@Work.

Mind Mapping, Memory Training and Speed Reading by World of Minds.

20M
Heuvelland Course: Effective Writing and Publishing Scientific Papers.
Best Practices in Publishing Clinical and Public Health Research by Eduardo L Franco.

Presentations

International
19th Biennial meeting of the International Society for Sexually Transmitted Diseases Research
Congress 2011, Quebec city, Canada.

National

- 10th Annual Amsterdam Chlamydia Meeting 2015, Amsterdam.
- National HIV/AIDS Conference 2014, Amsterdam.

- Expert Meeting 2014, RIVM Bilthoven.

- Research day Medical Microbiology 2014, Maastricht.

- Research day Medical Microbiology 2013, Maastricht.

- 8th Annual Amsterdam Chlamydia Meeting 2012, Amsterdam.
- Expert Meeting 2012, RIVM Bilthoven.

- Annual CAPHRI Research Meeting 2011, Maastricht.

201






List of publications




Chapter 10

2015

van Liere GAFS, Dirks JAMC, Hoebe CJPA,
Wolffs PF, Dukers-Muijrers NHTM. Anorectal
Chlamydia trachomatis Load Is Similar in
Men Who Have Sex with Men and Women
Reporting Anal Sex. PLoS ONE 2015 10(8):
€0134991. doi:10.1371/journal.pone.0134991.

Heijer den CDJ, Liere van GAFS, Hoebe CJPA,
Bergen van JEAM, Cals JWL, Stals FS,
Dukers-Muijrers NHTM. Who tests whom?

A comprehensive overview of Chlamydia
trachomatis test practices among different
STl care providers for urogenital, anorectal
and oropharyngeal sites in young people.

Sex Transm Infect 2015 Published Online
First: [12-08-2015] doi:10.1136/
sextrans-2015-052065.

Dukers-Muijrers NHTM, Liere van GAFS,
Wolffs PF, Heijer den CDJ, Werner M,
Hoebe CJPA. Antibiotic use before chlamydia
and gonorrhea genital and extragenital
screening in the sexually transmitted
infection clinical setting. Antimicrob Agents
Chemother 2015;59:121-8.

van Liere van GAFS, van Rooijen MS, Hoebe
CJPA, Heijman T, de Vries HJC, Dukers-
Muijrers NHTM. Prevalence of and factors
associated with rectal-only chlamydia and
gonorrhoea in women and men who have sex
with men. PLoS ONE 10(10): e0140297. doi:
10.1371/journal.pone.0140297.

204

2014

Liere van GAFS, Dukers-Muijrers NHTM,
Bergen JEAM van, Gotz HM, Stals F, Hoebe
CJPA. The added value of chlamydia
screening between 2008-2010 in reaching
young people in addition to chlamydia testing
in regular care; an observational study.

BMC Infectious Diseases 2014; 14:612.

Liere van GAFS, Hoebe CJPA, Wolffs PFG,
Dukers-Muijrers NHTM. High co-occurrence
of anorectal chlamydia with urogenital
chlamydia in women visiting an STl clinic
revealed by routine universal testing in an
observational study; a recommendation
towards a better anorectal chlamydia control
in women. BMC Infectious Diseases 2014;
14:274.

Liere van GAFS, Hoebe CJPA, Dukers-
Muijrers NHTM. Evaluation of the anatomical
site distribution of chlamydia and gonorrhoea
in men who have sex with men and in
high-risk women by routine testing:
cross-sectional study revealing missed
opportunities for treatment strategies.

Sex Transm Infect 2014;90:58-60.

Hofstede SN, Tami A, van Liere GA, Ballén D,
Incani RN. Long-term effect of mass
chemotherapy, transmission and risk factors
for Schistosoma mansoni infection in very
low endemic communities of Venezuela.
Acta Trop. 2014 Dec;140:68-76.



List of publications

2013

Liere van GAFS, Hoebe CJPA, Niekamp AM,
Koedijk FDH, Dukers-Muijrers NHTM.
Standard symptom- and sexual history-based
testing misses anorectal Chlamydia tracho-
matis and Neisseria gonorrhoeae infections
in swingers and men who have sex with men.
Sex Transmitted Dis 2013; 40(4):285-289.

Dukers-Muijrers NHTM, van Liere GAFS,
Hoebe CJPA. Re-screening Chlamydia
trachomatis positive subjects: a comparison
of practices between an STl clinic, general
practitioners and gynaecologists. Sex Transm
Infect. 2013 Feb;89(1):25-7.

Liere van GAFS, Dukers-Muijrers NHTM,
Hoebe CJPA. Chlamydia en gonorroe alleen
urogenital testen onvoldoende. Ned.
Tijdschrift Geneeskunde. 2013;157: C1948.

2012

Koedijk FDH, van Liere GAFS, Peters RPH,
Hoebe CJPA, van der Sande MAB, Gotz HM,
van Bergen JEAM. Meerderheid anale
chlamydia en gonorroe-infecties gemist
zonder routinematig testen. SEKSOA 2012:16.

205






Valorisation of the thesis




Chapter 10

Relevance for society and economy

The research project presented in this thesis has a clear social and economic relevance, in ad-
dition to scientific relevance.

Sexually transmitted infections (STI) clinics provide free and anonymous testing to various risk
groups such as youngsters <25 years of age, commercial sex workers (CSWs]), swingers,
men who have sex with men (MSM], people suffering from symptoms and people with >3 sex
partners. Targeted care is delivered by trained nurses who take medical and sexual history and
provide testing for sexually transmitted infection (STI) s such as Chlamydia trachomatis (CT) and
Neisseria gonorrhoeae (NG). Long term complications of STls can be ectopic pregnancy,
infertility, pelvic inflammatory disease and urethritis. Municipalities and the government
finance this specialized STI care (nurses, medical doctors); however research is externally
funded through various sources such as scholarships.

Testing guidelines are provided by the National Institute for Public Health and the Environment
(RIVM]. These guidelines are established by a national group of experts consisting of medical
doctors, epidemiologists, and policy makers etc. who evaluate literature and use their own
expertise. This thesis provides an evaluation of the effectiveness of the current procedures
to control CT. Current guidelines comprise standard urogenital testing in every consultation.
Anorectal testing is performed after report of anorectal symptoms and/or anal sex, that is,
selective testing on indication. In the studies in this thesis, routine universal anorectal screening
was used instead of selective testing on indication in MSM, swingers and women. We found that
half of anorectal infections would have been missed using selective testing, in women this was
even two thirds. This means that of all women with an anorectal STI, only one third reported anal
sex or symptoms. Therefore, current guidelines lead to insufficient case management of MSM,
swingers and women with an anorectal STl infection. The societal impact of this insufficient case
management is substantial, as anorectal STI prevalence is 10% among STI clinic visitors. STls
have a public health and clinical impact, in terms of symptoms and transmission. The clinical
impact of non-LGV anorectal STls is limited as only 5% reported symptoms. The majority of MSM
have a rectal-only infection, while the majority of women have a concurrent anorectal urogenital
infection. In this thesis theories are presented to explain this difference, for example autoinocu-
lation with vaginal secretions in women, especially since the majority of women with an anorec-
tal infection do not report anal sex. These anorectal infections can facilitate transmission
between individuals by anal sex, as is suggested in MSM. Possibly, these anorectal infections
in women could also lead to reinfection within an individual, causing reproductive health
problems. Moreover, anorectal STI facilitate HIV transmission, which is primarily a problem in
MSM. Altogether, the clinical impact of anorectal infections should not be underestimated. HIV
infection and reproductive health problems contribute to health care costs in the Netherlands.
Yearly, 55.500 CT diagnoses are made; 32.000 in women and 23.500 in men. The risk of inferti-
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lity by a chlamydia infection in women is estimated differently by several studies. Mathematical
studies estimated a probability of 10%, with a range of 2-35 %. However, a review reported a
lower risk of 0.1 to 4.6%. The cost effectiveness of routine universal anorectal screening, as
described in this thesis, is estimated at $ 1.400 by avoiding serious complications.

Target groups

The results and conclusions presented in this thesis are of importance for the whole sexual
active population who have unprotected sexual contact. Especially MSM and young women
should be aware of the common occurrence of anorectal infections. For MSM, mainly because of
high transmission potential by frequent changing of partners. For women, because of the poten-
tial complications due to untreated anorectal infections, even when anal sex is not reported. The
study population in this thesis was STl clinic attendees, which implicates a high risk group for
STI. However, STl are also frequently diagnosed at the general practitioner (GP), as described in
this thesis. In our local STI clinic, policy has already changed as an implication of the research
in this thesis; MSM and swingers are routinely universally tested for anorectal STI. Before the
occurrence and importance of anorectal infections can be highlighted, the focus should be on
STl testing in general, as this is the first step in the process. Collaborating and sharing know-
ledge with other STl care providers, such as gynaecologists and GPs, would improve ST| care in
general. Policy makers are also a target group regarding their role in designing and implemen-
ting testing guidelines which are used nationwide by STI care providers. At last, local policy
makers at the municipality play a role as STl research and policy evaluation is not financed by
the municipality. This makes research and policy evaluation subjective to external funding,
which is not a continuous flow of funds.

From activities and innovation to planning and realisation

Research (1)

Research is needed for actual change of standard operating procedures, especially on an inter-
national level. Research leads to answers, but even more to questions. Recently, funding has
been granted to carry out an innovative spin off study, which will provide answers to the remai-
ning questions. The aim of the study is obtain insight into the acquisition and transmission of CT
between and within persons. Urogenital and/or anorectal CT positive women will be followed
over time after CT treatment. Women included in the study will take 24 consecutive swabs in a
timeframe of 12 weeks, 12 vaginal swabs and 12 anorectal swabs. Multiple questionnaires will
provide information on sexual risk behaviour throughout the study.
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Research (2)

Communicating research results is a key item for valorisation. When an article is published, a
brief summary in Dutch is send by email to a multidisciplinary group of people working in the
same field, for example, GPs, researchers and policy makers. Moreover, results are communi-
cated by our academic website, including a short interview with the researcher. These outreach
methods could be improved by launching a website about our research group. This website
should include a short background of all researchers, published papers and ongoing research
projects. A request for this was made by the communications department.

Policy

It is important that policy makers are aware of the findings in this thesis for (1) re-evaluate lite-
rature and consider improving testing guidelines and (2] providing funding for future research.
Moreover, once a year a national expert meeting is held at the National Institute of Public Health
and the Environment. Policy makers, medical doctors and researchers are present at this meeting
to present research and discuss findings with each other. Moreover, policy makers visited our
setting to talk about practice and research. This leads to connections for future research and
thereby to a better chance for funding.

In my opinion, research should become a part of standard care in the STI clinic in contrast to
current situation in which additional funding has to be acquired to carry out research/policy
evaluation. Ideally, research is financed by the municipalities in addition to standard care. This
would make STI research, which in fact often is an evaluation of care, accessible to both (1)
those we want to help [(clients) and (2] those funding [municipalities). If there would be a budget
accessible for research within care, results could be easily passed to clients by various ways
such as the public health service website, outreach to schools and local folders spread by the
public health service or municipality. At the moment financial resources are too small to carry
out these kinds of actions to promote the research among (possible] clients and policy makers.
When research is part of standard care, the researchers are obliged to give feedback to the
municipality about the research. This works two ways, results are presented to local policy
makers and local policy makers can see the importance of research for practice and stimulate
it by financial resources. At the moment a folder with testing rates and positivity rates among
various risk groups is already given to local policy makers, research could be added to this
document. However, | think it is important to start with presenting results to local policy makers

which will lead to personal interaction and mutual interest.

Influence public debate/media

Since the subject of this thesis comes with taboos and stigma, it is necessary to carry out results
and make the subject STI testing a topic for discussion. This will have impact on policy makers;
STls are a problem, and will always be if investments are not made, as well as our target group
of people we want to reach for testing but have barriers to do so. Publications have already
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attracted media attention and local television regularly interviews medical doctors and nurses
about actual topics in standard care. However, this could also be done for research and even on
a national level, potentially in collaboration with other researchers in the field. We have never
actively approached media to carry out our research because often more research is needed
before we can make statements about it. Therefore, it is not an appropriate source to carry out
results of research in early stages since this could lead to misinterpretation. However, the
media often approaches our organisation first when an article is published. This indicates
that our research is of interest to journalists and the community. In this way, attention is given to
STls in the public media which reaches a large group of individuals. To carry out this thesis in
a broad way, an official press release will be issued when this thesis is printed. In addition to
the printed thesis, a summary leaflet in A4 will be created by a professional copywighter
to summarize the key points in a concise way. This leaflet is written in non-academic Dutch
language, which makes it readable for a wider community.

Spin off (1)

Training and education can draw attention to STI among youngsters, which is a well known
target group. Since end of 2012, schools are required to pay attention to sexuality and sexual
diversity by the government. Schools also have the task of ensuring a safe social climate
in and around the school and to promote good citizenship. A website and curriculum named
‘Sekswijzer” have been developed with general information about STls, sexual diversity, sexual
violence and defensability. Ideally, a regional campaign could be carried out to promote STI
testing among youngsters. This group would benefit the most as they are a high risk group for
STI, including anorectal STI. To promote research findings and make this information appealing
to youngsters, social media could be helpful. We plan to open a twitter account to communicate
research results using a humorous style, which will appeal to youngsters.

Spin off (2)

Besides the STl clinics, GP’s also provide STI testing; they serve about one third of the population.
Informing GPs and involve them in future research projects would have the largest impact on STI
control. At the moment, several innovative research projects are set up which involve collaboration
with GPs, such as partner warning after a diagnosed STl and projects on hepatitis. This could be
extended to CT, especially anorectal CT, as those data are limited for GPs. Publishing articles in
national journals such as ‘Nederlands tijdschrift voor geneeskunde’ and ‘Huisarts en Wetenschap’
can have an impact, but not all GP’s read it and even smaller part would change their practice. It
would be best to start with informing by email, since time is scarce for GPs, or visit some practices
to present our results. Eventually presenting results to the expert group which formulate the GP
guidelines would have the largest impact. Together with GPs, gynaecologists should be informed
and involved in a similar way, since they perform a substantial share of CT tests in this region. In
conclusion, collaboration with STl care providers in any way is beneficial for STI control.
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A person who never made a mistake
never tried anything new.”

Albert Einstein
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