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Chapter 1

Background

Chlamydia trachomatis (CT) and Neisseria gonorrhoeae (NG) are the most prevalent bacte-
rial sexually transmitted infections (STls) worldwide.* CT and NG accounted for 209 million
new infections in the year 2012, an average of more than a half million infections each day.!
CT and NG are associated with reproductive sequelae such as pelvic inflammatory disease
(PID), ectopic pregnancy, infertility and chronic abdominal pain in women, and urethritis and
epididymitis in men.** Both CT and NG can facilitate the transmission of other STls such as
Human Immunodefiency Virus (HIV). Whereas NG is becoming an emerging global threat due
to multidrug resistance.*

Chlamydia trachomatis

Epidemiology of Chlamydia trachomatis in the Netherlands

CT is the most common reported bacterial STl in the Netherlands. Two main STl care provid-
ers test for CT, that are general practitioners (GPs) and STl clinics. GPs perform the majority of
STl consultations and diagnoses.®
An estimated 39,800 CT infections were diagnosed by GPs in the year 2017.° The number of
CT diagnoses increased with 8% in both men and women in comparison with the year 2016.
The Netherlands counts eight regional Centers for Sexual Health with 24 outpatient STl clin-
ics. Individuals at high risk for STIs are offered free testing at STl clinics. Those are men who
have sex with men (MSM), individuals, or partners, originating from STl endemic countries (Su-
riname, Netherlands Antilles, Turkey, Morocco, Africa, South-America, Asia or Eastern-Europe),
individuals younger than 25 years of age, individuals with STl-related symptoms, individuals
notified for STls, victims of rape or sexual violence and commercial sex workers.®" According to
recent numbers of The Netherlands National Institute for Public Health and the Environment
(in Dutch: RIVM), 21,021 CT infections were diagnosed in 2018.° This means 1.8% less than in
the year 2017, while the total number of STl tests increased with 1% (n=1,624) in 2018.> The CT
test positivity rate has increased from the year 2009 to 2016, but has stabilized in the past two
years. The CT test positivity rate of women is 15.0%, and for heterosexual men 17.7%.> Among
MSM, the CT test positivity rate is 9.8% in 2018 and is stable for years (Figure 1).°
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Figure 1. Total number of tests and positivity rate of CT by gender and type of sexual contact, 2009-2018
(Source: Slurink I, van Aar F, Op de Coul E, et al. Sexually transmitted infections in the Netherlands in 2018:
Rijksinstituut voor Volksgezondheid en Milieu.)

Chlamydia trachomatis infection

CT is a gram negative obligate intracellular bacterium.® This means that CT bacteria need
host-epithelial cells to survive and to replicate. Four species of CT are well known to be
pathogenic in humans, that are Chlamydia psittaci, Chlamydia abortus, Chlamydia pneumo-
niae and Chlamydia trachomatis.® The studies in this thesis focusses on the latter, which is
mainly transmitted via sexual contact with an infected partner (horizontal transmission), but
can also be transmitted via mother to child during birth (vertical transmission).

To date, nineteen CT serovars have been identified.? Serovars A-C can cause trachoma,
which are ocular infections leading to blindness in mainly tropical areas.®® Serovars D-K can
cause anogenital CT infections and are sexually transmittable.” Serovars L1-L3 cause lym-
phogranuloma venereum (LGV) and are also sexually transmittable mainly in MSM and are
more severe than serovars D-K.°

The lifecycle of CT consists of two stadia: elementary bodies (EB) and reticulate bodies
(RB).# EBs are infectious and metabolically inactive, whereas RBs are not infectious and met-
abolically active.® The EB form of CT invades host epithelial cells.® Within the cell, the EBs
transform into a intracellular form; the RBs. The RBs replicate within the host epithelial cell
and transform back to the EBs. Eventually, the EBs are released and infect new host epithe-
lial cells.® The whole process can take 48-72 hours. The lifecycle of CT is depicted in Figure 2.
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Figure 2. The lifecycle of a CT bacterium. EB, Elementary body; RB, Reticulate body; AB, Aberrant body.
[Design: M. Lucchesi]

Chlamydia trachomatis anatomic site distribution

The majority of CT infections are asymptomatic in both men and women ranging from 31.2%
to 100%.% Eventually, the asymptomatic nature of CT hampers early diagnosis and treatment
and maintain ongoing transmission. CT infections can reside on different anatomic locations:
the urogenital, anorectal or oropharyngeal site. CT test positivity rates differ per anatomic
location and sex. Data from Dutch STl clinics show 14% CT test positivity on the urogenital
site in women, followed by 12% at the anorectal site and 2% at the oropharyngeal site. In
heterosexual men, 18% test positive on the urogenital site, 6% on the anorectal site and 1%
on the oropharyngeal site. In MSM numbers are slightly different, i.e. 3% test positive on the
urogenital site, 8% test positive on the anorectal site and 1% on the oropharyngeal site.

Transmission of Chlamydia trachomatis

CT can be transmitted via sexual contact of different anatomic locations. The incubation pe-
riod of CT is usually between 7-14 days. The most common routes of CT transmission are
penile-vaginal, penile-anorectal, and oral sex.*** Anorectal CT in MSM is mainly transmitted
via condom-less anorectal sex.* Whereas the vast majority (71%) of women with urogenital
CT also have an anorectal CT infection irrespective of anorectal indications (i.e. no reported
anal symptoms, no anal sex, and no anal use of fingers/toys).** Current testing guidelines for
anorectal CT advocate selective symptom- and sexual based testing for women.** Therefore,
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undiagnosed anorectal CT infections in women can act as a reservoir and maintain ongo-
ing transmission and potential sequelae. Some suggest that anorectal infections in women
could be a result of auto-inoculation due to the close proximity of the vaginal and anorectal
site.’® Several epidemiological studies have observed an association between other sexual
activities such as fingering, fisting and rimming, and acquiring CT.* Moreover, even saliva
could play a role in transmitting CT, suggesting that CT can also be transmitted via kissing.!!
Although, further research is needed to assess this pattern.

The number of CT positives from Dutch STl clinics is distributed over different transmis-
sion groups (50% women, 28% heterosexual men, and 23% MSM).> Therefore, CT is a more
population-based disease affecting mostly the young general population. In contrast, the
vast majority of NG positives cases in the Netherlands are from MSM (76%), compared to
women (16%) and heterosexual men (9%).> Therefore, NG is mainly transmitted in the sub-
population of MSM. Repeat CT infections are common among patients earlier infected with
CT. Patients with repeat CT infections could have disproportional impact on STls within the
population.'” It remains unknown which characteristics are associated with patients repeat-
edly infected with CT over several years. Insight in this high risk group could be useful to
inform CT control and policy.

Treatment of Chlamydia trachomatis

According to international guidelines, uncomplicated urogenital CT infections are treated
with 1 gram of azithromycin.?**1° Anorectal CT infections are treated with 100 mg doxycy-
cline twice daily for 7 days.*** A study of our research group have shown that the treatment
effectiveness of doxycycline exceeds that of azithromycin in anorectally CT positive women.
There is an ongoing debate about whether all women should routinely be treated with dox-
ycycline instead of azithromycin, since anorectal infections among women are common.*?
Routine use of doxycycline would also treat undiagnosed anorectal infections and halt po-
tential transmission even when anorectal CT infections are not tested for. However, a counter
argument is that doxycycline should be taken for 7 days what could affect treatment adher-
ence leading to not fully treated anorectal CT and potentially ongoing transmission of CT.!
Nevertheless, compliance has been shown to be positively influenced by good instructions
and reminder apps.

Chlamydia trachomatis bacterial load
The CT bacterial load (hereafter: CT load), often expressed as the number of bacteria/mL,

could potentially affect transmission of the disease and sequela. The CT load can be mea-
sured by samples (urine or swabs) taken from CT infected patients. Several studies have been
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performed assessing patient characteristics, symptoms, and transmission in relation to CT
load.?? Most studies show inconsistent results, probably due to the low number of cases in-
cluded and the different methods that are used to quantify CT load.”

Earlier, our study group showed that patients visiting the STl clinic and patients from a
population based screening study (Chlamydia Screening Intervention [CSI]) have a similar CT
load arguing for similar transmission potential and sequelae.? It remains unknown whether
patients visiting different STl care providers, such as the GP and STl clinic, have a different CT
load. Insight in the CT load of patients visiting different ST care providers could be useful for
public health purposes, since patients with a higher CT load could have a higher transmis-
sion potential.

CT on different anatomic locations could have different impact on transmission and se-
quelae. Several studies have assessed the CT load of different anatomic locations and sam-
ple types.?2%% However, those studies used different methods to quantify and report CT load
making them less comparable. Moreover, no study compared the CT load of all relevant ana-
tomic locations in one study using the same methods in men and women.

Neisseria gonorrhoeae

Epidemiology of Neisseria gonorrhoeae in the Netherlands

Similarto CT, GPs and STl clinics test and diagnose most NG patients, mostly simultaneously
with CT as commercial tests assays provide both test at the same diagnostic platform. Ap-
proximately 9,550 patients were diagnosed with NG by GPs in 2017, this is 6.5% more than in
theyear2016.°

STl clinics diagnosed 7,362 patients with NG in the year 2018.> Among all NG patients in the
Netherlands the vast majority are MSM (75.5%), followed by women (15.7%) and heterosex-
ual men (8.8%).> The test positivity rates of NG are stable; among MSM 11.2% tested positive
in 2018 compared to 11.0% in 2017.> Among heterosexual men 2.0% tested positive in 2018
and 1.9% in 2017. Among women, 1.7% tested positive in 2018 in comparison with 1.6% in
2017 (Figure 3).°

Neisseria gonorrhoeae infection

The bacterium NG is an aerobe gram negative diplococcus.? The viability of the bacterium
is sensitive to environmental change like acidity, temperature and (de)hydration. After trans-
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mission, NG affects the mucosal epithelium to replicate and to transmit to new host cells.?
NG mainly affect the urogenital mucosa, but is also colonize ocular, nasopharyngeal and
anorectal mucosa.”

Of the genus Neisseria, NG and Neisseria meningitis are pathogenic. NG is mainly transmit-
ted via sexual contact (horizontal transmission), but can also be transmitted via mother to
child (vertical transmission). The latter can lead to neonatal blindness.? Moreover, untreated
NG can lead to disseminated NG infections potentially increasing the risk of infectious arthri-
tis and endocarditis.”

NG infections can occur asymptomatic, but is sex specific. In one study, 78% of MSM re-
ported typical discharge.®* Overall, NG infections in women are more often asymptomatic
compared to men.?332 A reason for the difference between both sexes could rely on the fact
that symptoms in men are easier to diagnose and specific, whereas symptoms, such as vagi-
nal discharge, could be a result of other bacteria, such as bacterial vaginosis.”

70,000 A T 12%
60,000 =+ 10%
50,000

40,0001

30,000

No. of tests
% positive

20,0004

10,000 1

E
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
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Footnote 1: Between 2012 and 2015, attendees below the age of 25 years with no further risk factors were only tested
for chlamydia. Since 2015, attendees below the age of 25 years with no further risk factors were tested for chlamydia
and gonorrhoea.

Footnote 2: Aggregated data of non-registered consultations included.

Figure 3. Total number of tests and positivity rate of gonorrhea by gender and type of sexual contact,
2009-2018

(Source: Slurink I, van Aar F, Op de Coul E, et al. Sexually transmitted infections in the Netherlands in 2018:
Rijksinstituut voor Volksgezondheid en Milieu.)

Neisseria gonorrhoeae anatomic site distribution

Like CT, NG can reside on different anatomic locations, that is on the urogenital, anorectal or
oropharyngeal site. According to recent numbers of The Netherlands National Institute for
Public Health and the Environment, NG positivity rates of each anatomic location were for
women: 1.3% urogenital, 1.5% anorectal, and 1.4% oropharyngeal.® For heterosexual men
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this is: 1.8% urogenital, 3.1% anorectal, and 0.0% oropharyngeal.® The highest NG positivity
rates are observed among MSM per anatomic location, that is 2.7% urogenital, 7.7% anorec-
tal, and 5.7% oropharyngeal.®

Transmission of Neisseria gonorrhoeae

NG can be transmitted via sexual contact of different anatomic locations. NG is transmitted
via penile-vaginal, penile-anal, and oral sex.!* NG attaches to sperm and is mainly transmit-
ted from men to their partners.”

In contrast to CT, anorectal NG is highly common among MSM. Condomless anorectal sex
is a strong risk factor for anorectal NG.!* Other factors may also play a role in anorectal NG.
For example, a study did not observe a difference in anorectal NG between MSM who had
receptive penile-anal sex (8.8%) and MSM who did not (6.6%).** This could indicate that other
factors, such as receptive fingering, may also play a role the transmission of anorectal NG.*
Oropharyngeal NG is mainly transmitted via condomless oral-genital contact. A study report-
ed that 73% of MSM had unprotected oral-genital contact with their last male partner.®* There
is discussion about whether saliva could transmit NG via kissing. This transmission route is
poorly understood and should be investigated further.!t

NG is mainly transmitted in the sub-population of MSM and repeat NG infections are com-
mon. Therefore, testing, retesting and treating this high risk population is key for optimizing
NG control. A study showed that patients repeatedly infected with any STI (CT, NG or syphilis)
could have high impact on STI transmission within the population.'” Patients with repeat
NG infections could be members of, so called, “core-groups” who continue NG transmission
within the population.!” It remains unclear what socio-demographic characteristics are asso-
ciated with patients who are repeatedly infected with NG over several years. Identifying the
characteristics of this group could inform NG test practices and enhance NG control.

Treatment of Neisseria gonorrhoeae

International guidelines suggest as primary treatment for NG ceftriaxone 500mg intramus-
cular**="When CT is not ruled out, a combination with 1000 mg azithromycin (orally) should
be given.*** Due to multidrug resistance, NG is becoming a widespread public health epi-
demic. In the 1940’s NG was treated with penicillin, followed by spectinomycin, tetracycline,
azithromycin, cefixime, and ceftriaxone until now.® In recent years, ceftriaxone resistant NG
cases have been identified in Canada, Japan, France, and Spain.**“° No multidrug resistant
NG cases are diagnosed in the Netherlands yet.® Nevertheless, we expect it is a matter of time
for the first multidrug resistant case in the Netherlands will arise.

18
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(Inter)national Chlamydia trachomatis & Neisseria gonorrhoeae testing
guidelines

Testing and treating individuals at high risk for STIs is key for effective control efforts as it re-
duces the infectious period of these infectious diseases. Moreover, diagnosis and treatment
will lead to reduced sequelae on the individual level. Main international testing guidelines
are provided by the Centers for Disease Control (CDC), the British Association for Sexual
Health and HIV (BASHH), “the European guideline on the diagnosis and treatment of gon-
orrhoeae in adults”, and “the European guideline on the management of Chlamydia tracho-
matis infections”3193¢37

Individuals at risk for STIs should always be tested for urogenital CT and NG. Those in-
dividuals include patients younger than 25 year of age, MSM, commercial sex workers, pa-
tients originating from STI endemic countries, individuals with different sexual partners, in-
dividuals with a partner from earlier mentioned groups, and individuals notified by infected
partners.® 442 Additional extragenital testing should be performed based on indication.
Dutch guidelines recommend anorectal testing in those with anorectal symptoms and/or
anorectal sex.”® Oropharyngeal testing should be performed in those with self-reported oral
sex or symptoms.®

STl clinics are subsidized by the Ministry of Health, Welfare and Sport to maintain free
anonymous easy access testing for high risk groups.® Whereas the general population at low-
er risk for STIs are meant to be tested by GPs. ST tests at the GP are within patients’ deduct-
ibles in healthcare insurances what could be a barrier for testing.*

Earlier publications of our research group, using data until the year 2010, showed that
GPs rarely test on extragenital locations.*“ Unfortunately, suboptimal testing could lead to
undiagnosed extragenital CT and NG infections and thus ongoing transmission. It remains
unclear whether extragenital testing rates of GPs have been increased in recent years.

A CT or NG test-of-cure (TOC), which is a test taken 2 or 3 weeks after treatment to identify
potential treatment failure, is not needed in uncomplicated CT or NG infections.® A positive
TOC could be false-positive due to recurrent non-viable CT or NG bacteria leading to over-
treatment.*” A TOC should be performed in pregnant patients, in patients treated with an
alternative medicine, or in patients with remaining symptoms.® It remains unclear to what
extent GPs perform a TOC for CT and NG. Insight in TOC test practices of GPs could be used
toinform CT and NG control.

International guidelines recommend that all patients who are infected with CT or NG
should be retested within 3 to 12 months independent of sexual behavior or sex.® 9363748
Repeat CT or NG infections within 3 to 12 months of a previous CT or NG are common.**° Ac-
cording to systematic reviews, up to 32% of the CT patients and 40% of the NG patients have
a repeat infection within one year .#* Retesting CT and NG positives within 3 to 12 months is
an effective control strategy to enhance population-based prevention of CT.?
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Patients visiting STI clinics are actively informed to retest within 3 to 12 months. For the GP
population this remains unknown. An earlier publication of our study group showed that retest-
ing rates of GPs are relatively low.** Retesting CT or NG patients within 3 to 12 months was also
not advised in the Dutch national guideline for GPs until the year 2013.%? It remains unknown
whether GP retesting rates have been increased after the guideline revision in recent years.

Laboratory data of Maastricht University (MUMC+)

The majority of studies in this thesis included laboratory data from the Medical Microbiology
department of Maastricht University Medical Centre (MUMC+). This unique dataset included
STl tests and test results from STl care providers in areas surrounding and including Maas-
tricht, the Netherlands. Main STI care providers in the dataset included the STI clinic, GPs
and hospital physicians. In this thesis, we included STI tests from GP practices located in
Maastricht, Eijsden-Margraten and Valkenburg aan de Geul, since the vast majority (81%) of
these GP practices send their CT and NG tests to the microbiology laboratory of Maastricht
University to ensure acceptable laboratory coverage. The total dataset include STl tests from
January 2006 until July 2018 (n=204,479 consultations).

This dataset has been created by the close collaboration of the Public Health Service
South Limburg (GGD Zuid Limburg) and the Medical Microbiology department of MUMC+.

Outline of this thesis

In this thesis, epidemiological methods were used to analyze existing laboratory- and na-
tional surveillance CT and NG data. The results have led to new insights which can be used to
inform and optimize CT and NG control.

The first section of this thesis covers repeat CT and NG testing and repeat infections. In
chapter 2, TOC, retesting, extragenital test practices of GPs were analyzed. In chapter 3 and
chapter 4, the characteristics of patients repeatedly infected with CT or NG were identified.

The second section of this thesis included studies assessing the CT load of different pa-
tients and anatomic locations. In chapter 5 the CT load of patients visiting different STl care
providers, that is the STI clinic, GPs and hospital physicians, were assessed and compared.
Chapter 6 assessed the CT load of different sample types of men and women in one study
using the same methods. In chapter 7, the CT load of urogenital and extragenital samples of
patients repeatedly infected with CT was assessed.

In the last section two methodologies were compared for public health purposes. In
chapter 8 an epidemiological analysis was compared with a geographical cluster analysis
using Dutch national surveillance STI clinic data.

Finally, in chapter 9, the main findings and implication of this thesis are discussed.
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Abstract

Background

For Chlamydia trachomatis (CT), a test of cure (TOC) within 3-5 weeks is not recommended.
International guidelines differ in advising a Neisseria gonorrhoeae (NG) TOC. Retesting CT
and NG positives within 3-12 months is recommended in international guidelines. We as-
sessed TOC and retesting practices including extragenital testing in general practitioner (GP)
practices located in different socioeconomic status (SES) areas to inform and optimize local
test practices.

Methods

Laboratory data of 48 Dutch GP practices between January 2011 and July 2016 were used.
Based on a patient’s first positive CT or NG test, the proportion of TOC (<3 months) and re-
tests (3-12 months) were calculated. Patient- and GP-related factors were assessed using
multivariate logistic regression analyses.

Results

For CT (n=622), 20% had a TOC and 24% had a retest at the GP practice. GP practices in low
SES areas were more likely to perform a CT TOC (OR:1.8;95%Cl:1.1-3.1). Younger patients (<25
years) were more likely to have a CT TOC (OR:1.6;95%Cl:1.0-2.4). For CT (n=622), 2.4% had a
TOC and 6.1% had a retest at another STl care provider. For NG (n=73), 25% had a TOC and
15% had a retest at the GP practice. For NG (n=73), 2.7% had a TOC and 12.3% had a retest
at another STl care provider. In only 0.3% of the consultations patients were tested on extra-
genital sites.

Conclusion

Almost 20% of the patients returned for a CT TOC, especially at GP practices in low SES areas.
For NG, 1 out of 4 patients returned for a TOC. Retesting rates were low for both CT (24%) and
NG (15%), (re)infections including extragenital infections may be missed. Efforts are required
to focus TOC and increase retesting practices of GPs in order to improve CT/NG control.
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Introduction

Chlamydia trachomatis (CT) and Neisseria gonorrhoeae (NG) are the most prevalent bacteri-
al sexually transmitted infections (STls) diagnosed worldwide.! General practitioners (GPs)
have a major role in STI healthcare, since most STls are diagnosed by GPs and STI clinics.*®

Atest of cure (TOC) within 3-5 weeks after the completion of CT treatment is internation-
ally not recommended because of possible false-positive results leading to overtreatment.”
The British Association for Sexual Health and HIV in cooperation with the Royal College of
General Practitioners, as well as the 2012 European guideline on the diagnosis and treat-
ment of gonorrhoea in adults, recommend a TOC for all patients who tested positive for NG
two weeks after treatment due to the increasing antimicrobial resistance of NG.2*! However,
the American Centers for Disease Control and Prevention only recommend an NG TOC in
the case of oropharyngeal NG when treated with an alternative regimen.® The Dutch general
practitioner guideline does not recommend a CT TOC nor an NG TOC, except for specifically
indicated cases.”

Repeat infections within 3-12 months after CT/NG diagnoses are common, totaling up to
32% for CT and up to 40% for NG.2* For effective CT/NG control, retesting CT/NG positives
within 3-12 months is recommended by the Centers for Disease Control and Prevention as
well as the British Association for Sexual Health and HIV.°** Moreover, a modeling study sug-
gested that the most effective control strategy for the treatment of resistant NG is to retest
NG positives, rather than testing and treating more patients.® Furthermore, the Dutch GP
guideline has been revised since 2013 and recommends that GPs advise CT-positive patients
to consider retesting within a year.’? However, no recommendations are given for retesting
NG-positive patients.*

The majority of CT and NG positives seen by GPs are not retested.!*** However, retesting
rates may have been underestimated, as patients could have a TOC or a retest at another STI
care provider like the STl clinic or the hospital.** Insight into TOC and retesting rates, including
associated factors among GPs and patients, is vital to inform and improve CT and NG control.

Extragenital CT infections are common among men who have sex with men (MSM) and
women.*” International guidelines recommend extragenital testing based on indication; that
is, self-report of anal sex and symptoms.”* However, studies showed that extragenital CT
infections are common among MSM and women without indication, which suggests routine
screening at extragenital sites among MSM and women.*?° According to the Dutch GP guide-
line, additional anorectal CT/NG testing in MSM and an indication of anal sex or anal symp-
toms is recommended.*? For NG, additional oropharyngeal testing should be performed for
commercial sex workers and MSM who report oral sex or oropharyngeal symptoms. Accord-
ing to recent studies among GPs in the Netherlands, extragenital CT and NG testing was rarely
performed.?* However, an earlier Dutch study estimated that ~9% of male patients with a
STl-related GP visit are MSM, for whom extragenital testing is recommended.*??
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The socioeconomic status (SES) of patients has been linked to various infectious diseases
like CT and NG.2*¥22 However, it remains unknown whether TOC and retesting practices differ
between GP practices in low, middle and high SES areas. Such analyses that include the SES
of GP practice areas could be helpful in advising GPs about their TOC and retest practices to
optimize CT and NG control at a local level.

Here, we assessed CT and NG TOC and retesting practices of GP practices in different SES
areas, taking account of TOC and retesting of patients at other STl care providers as well as
extragenital testing, in order to inform and optimize local test practices of GP practices.

Methods and materials

Ethics statement

The data were obtained from medical records in a fully anonymized and de-identified man-
ner and none of the researchers had access to patient identifying information. The study
protocol was exempt from formal medical-ethical approval under prevailing laws in the
Netherlands as it concerns an retrospective observational study using anonymous data only
(as stated by the National Central Committee for Human Studies: www.ccmo.nl and in the
conduct of good behavior in research www.federa.org).

Study population

All CT and/or NG laboratory tests of patients =16 years were obtained from the database of
the regional medical microbiology laboratory of Maastricht University Medical Center (Janu-
ary 2011-July 2016; n=47,311). The dataset consisted of tests from all four ST care providers,
as shown in Figure 1. The study area comprised municipalities surrounding the regional lab-
oratory (Maastricht, Eijsden-Margraten and Valkenburg aan de Geul).

For the purpose of this study, a GP practice was defined as one or more GPs sharing the
same postal code and performing CT and/or NG tests. The study area consisted of 48 GP
practices. We estimated whether GP practices in the study area sent their CT and NG tests to
the regional laboratory. In case of low numbers of CT tests (<40) per GP practice, or a notable
downward trend between 2011 and 2016, GP practices were contacted by telephone to con-
firm whether they indeed sent their test requests to the regional laboratory. We contacted 20
GP practices in our study area, of which 9 GP practices reported that they sent their tests to
another laboratory. As a consequence, the data set covered 81% (39/48) of the GP practices
inour study area, ensuring acceptable laboratory coverage. All 48 GP practices were included
in the analyses.
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Dutch SES scores based on income, education level and employment were extracted from
the Netherlands Institute for Social Research (http://www.scp.nl) per four-digit postal code
area. The SES score of the GP practice area was determined on the basis of the four-digit
postal code of the GP practice. The SES score of the patients’ residential area was based on
the four-digit postal code of the patient.

Laboratory data containing CT and/or NG tests (n=47,311) 2011-2016.

56.6% women (n=26,755)
43.4% men (n=20,551)
<1% unknown (n=5)

CT and/or NG tests by hospital CT and/or NG tests by general CT and/or NG tests at CT and/or NG tests by mental
physicians practitioners the STl clinic healthcare professionals
9.8% (n=4,627). 21.8% (n=10,330). 67.5% (n=31,912). 0.9% (n=442).
| NG tests I
January
______ 2011-July
2015.
n=7,674 n=8,
________ Patients 216 | = =S|
years.
[ n=rs0e | [ nessto |
Study area.
......... { ,....‘......>
4
I n=7,093 I | n=7,975 I
[ 1.1% positive. ) ------- i \|’< »»»»»»» { 8.5% positive. }
| we | [ e |
4.0% (n=3) 96% (n=73) 92% (n=622) 8.0% (n=54)
any subsequent first positive first positive any subsequent
positive NG test. screening test. screening test. positive CT test.

Figure 1. Flowchart of Chlamydia trachomatis- and Neisseria gonorrhoeae-positive screening tests
between January 2011 and July 2015.
CT, Chlamydia trachomatis; NG, Neisseria gonorrhoeae; STI, sexually transmitted infection

Definitions

The first positive CT or NG test of a patient was defined as the positive screening test. For
those patients identified as having a positive screening test, we assessed five outcome mea-
sures: (1) a ‘TOC” was defined as the first test within three months of the positive screening
test carried out by the same GP practice (the period of three months was based on interna-
tional guidelines advising a retest three months after CT diagnosis®'®); (2) ‘TOC at another
STl care provider’ was defined as the first test within three months of the positive screen-
ing test carried by other STI care providers; that is, other GP practices, STl clinics or hospital
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physicians; (3) ‘retesting’ was defined as the first test within 3-12 months after the positive
screening test carried out by the same GP practice; (4) ‘retesting at another STl care provider’
was defined as the first test within 3-12 months of the positive screening test carried out by
other STl care providers; that is, other GP practices, STl clinics or hospital physicians and (5)
‘extragenital testing’ was defined as the proportion of consultations in which anorectal and
oropharyngeal tests were performed by GPs in the period 2011-2015.

TOC and retesting rates were calculated per positive screening test. We excluded CT-posi-
tive (n=138) and NG-positive (n=20) screening tests and any other tests of patients that were
performed during the last year of the data collection (July 2015-July 2016) to ensure the
same window of opportunity for retesting among all patients. Positive scores for TOC, retest-
ing and extragenital testing were calculated by the proportion that tested positive at the first
TOC or retest, or at extragenital locations.

Study cohort and statistical analysis

In the period of January 2011 to July 2015, there were 8,014 GP testing consultations. In 88%
(n=7,054) of the consultations, patients were tested for both CT and NG; 11.5% (n=921) were
tested for CT only and 0.5% (n=39) for NG only.

Analyses were stratified for positive CT and NG screening tests. This procedure resulted in
a baseline cohort of 622 CT-positive and 73 NG-positive screening tests (Figure 1), in which
every positive screening test in the analysis dataset represents one patient.

To assess factors associated with (1) TOC and (2) retesting, univariate and multivariate
logistic regression analyses were performed. The factors assessed were sex, age (<25, =25),
screening test result (tested for CT only, tested positive for CT and negative for NG, tested
positive for CT and NG), TOC (yes, no) for the outcome retest only, SES of patients’ residential
area (low, medium, high SES, bases on tertiles), calendar year of screening (<2013, >2013; the
Dutch GP guideline was revised in 2013), number of tests on a GP practice level (continuous
with an increment of 10 tests), urbanization of GP practice area (urban, non-urban), SES of
GP practice area (low, medium, high SES, based on tertiles), distance between GP practice
and STl clinic (<3 km, =3 km), distance between GP practice and laboratory (<3 km, =3 km),
distance between GP practice and patient (<3 km, =3 km), and number of employed GPs per
GP practice (1,>1).

Based on existing literature? 182 multivariate analyses were adjusted for the following
factors: sex, age and number of tests per GP practice. The SES of the GP practice area was also
included in the multivariate model, as this factor was our main interest.

For all analyses, factors with p<0.10 in the univariate model were included through the
backward stepwise method in the multivariate model. Odds ratios and 95% confidence in-
tervals (95% Cl) were calculated for the univariate and multivariate models. Analyses were
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performed using SPSS V21 (IBM SPSS Statistics for Windows, IBM Corporation, Armonk, New
York, USA). A p value of <0.05 was considered statistically significant.

Results

Chlamydia trachomatis

TOC

Of our baseline cohort (622 CT-positive patients), 19.6% had a TOC within 3 months (122/622).
Of this number, 15.6% tested positive (19/122; Figure 2A). Of the patients with a positive TOC
(n=19), 63.2% (12/19) tested positive within 3 weeks, whereas the minimum time for per-
forming a CT TOC is at least 3 weeks.” The median time to a TOC was 36 days (interquartile
range (IQR) 28-54).Factors independently associated with TOC in multivariate analyses were
patients having a younger age (<25 year) and GP practice areas with low and medium SES,
respectively (Table 1).

TOC at another STl care provider
Of our baseline cohort, 2.4% (15/622) had a TOC at another STl care provider (none at anoth-

er GP practice, 11 at the STl clinic and 4 at the hospital). Of this number, 33.3% (5/15) tested
positive (Figure 3)
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Figure 2. Distribution of the number of tests of cure and positivity per week.

(A) The number of tests of cure per week for Chlamydia trachomatis based on the positive screening
test (n=622). Two tests of cure were performed in week 13, for clarity reasons these were added to week

12. (B) The number of tests of cure per week for Neisseria gonorrhoeae based on the positive screening
test (n=73).

TOC, test of cure.
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[100% -
80%
60%
ONo TOC and no retest
BTOC and retest at own GP
DRetest at the STl clinic or hospitall
ORetest at own GP
BTOC at the STl clinic or hospital
A mTOC at own GP
20%
0%

CT positive screening tests (n=622) NG positive screening tests (n=73)

Figure 3. Distribution of Chlamydia trachomatis and Neisseria gonorrhoeae test of cure and retest
results among patients with a positive screening test at the general practice.

CT, Chlamydia trachomatis; NG, Neisseria gonorrhoeae; TOC, test of cure; GP, general practice; STI,
sexually transmitted infection.

Retesting

A retest within 3-12 months was performed in 23.8% (148/622) of the CT patients. Of this
number, 12.2% tested positive (18/148). The median time to a retest was 182 days (IQR 125-
265). Factors independently associated with retesting in multivariate analyses were patients
who screened positive for CT and negative for NG, patients who screened positive for both CT
and NG, and patients who had a TOC (Table 1).

Retesting at another care provider

Retesting at other STl care providers comprised 6.1% (38/622) (none at another GP practice, 32
at the STl clinic and 6 at the hospital). Of this number, 15.8% (6/38) tested positive (Figure 3).
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Extragenital testing

Testing at extragenital sites was performed in 0.3% of the CT consultations (25/7975). Of this
number, 7 were on anorectal sites (positivity 14.3%; 1/7) and 18 were on oropharyngeal sites
(positivity 0%; 0/18).

Neisseria gonorrhoeae

TOC

Of our baseline cohort of 73 patients, 24.7% had a TOC within 3 months (18/73). Of this num-
ber, 11.1% (2/18) tested positive. The median time to a TOC was 33 days (IQR 21-42). One
patient had a positive TOC after 5 days of the positive screening test and one patient had a
positive TOC after 41 days of the positive screening test (Figure 2B). In multivariate analyses,
no factors were independently associated with TOC (Table 2).
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TOC at another STl care provider

Of the 73 patients with a positive NG screening test, 2.7% (2/73) had a TOC at another STl care
provider (two at the STl clinic). Of this number, one tested positive (Figure 3).

Retesting

Aretest within 3-12 months was performed in 15.1% of the NG patients (11/73). Of this num-
ber, 0% (0/11) tested positive. The median time to a retest was 224 days (IQR 140-254). Inde-
pendent factors associated with retesting in multivariate analyses were patients screening
positive for both NG and CT, and a distance of <3 km between GP practice and laboratory
(Table 2).

Retesting at another STl care provider

In 12.3% (9/73) of the patients a retest was performed at another STI care provider (none at
another GP practice, seven at the STl clinic and two at the hospital). Of this number, none
tested positive (Figure 3).

Extragenital testing

Testing at extragenital sites was performed in 0.3% (23/7,093) of the NG consultations. Of this

number, 6 were performed on anorectal sites (positivity 0.0%; 0/6) and 17 on oropharyngeal
sites (positivity 5.9%; 1/17).

45




Chapter2

Discussion

This retrospective cohort analysis of 48 Dutch GP practices shows that a TOC was performed
in approximately 20% of the CT patients, especially at GP practices in low SES areas and in
patients with a younger age (<25). Furthermore, 1 out of 4 patients had an NG TOC, which
is generally not recommended in the Dutch GP guideline. However, an NG TOC is recom-
mended in international guidelines due to increasing antimicrobial resistance of NG.”** Most
CT (76%) and NG (85%) patients did not have a retest at their GP. Overall, 12% retested CT
positive and 0% retested NG positive. Due to the low number of CT and NG retests, repeat in-
fections were likely missed. A comparable proportion of the NG patients were retested at the
GP practice (15%) and at other STl care providers (12%), while the percentages for CT retests
were 24% at the GP practice and 6% at other STl care providers. Furthermore, extragenital CT
and NG testing was rarely performed at GP practices (0.3%), in which extragenital infections
were likely missed.

Several studies have been performed assessing CT/NG test practices among different
STl care providers.t® 22 However, these studies only include patient-related factors and
lack GP characteristics. We included these factors to draw up recommendations specifi-
cally for GPs in order to enhance CT/NG control. Moreover, we provided evidence that the
retesting rates of patients initially seen by their GP are underestimated; that is, we showed
that the rate of retesting NG patients at other STl care providers (12%) is comparable to the
rate of retesting at the GP practice (15%). Despite the small numbers, analyses of NG test
practices are necessary, as following up on NG positives seems to be the most effective
control strategy for the treatment of resistant NG.* Furthermore, we analyzed recent data
from before and after the revision to the Dutch GP guideline in order to assess current
retesting practices of GPs. However, no difference between the two time periods was ob-
served (Table 1 and 2). Finally, a further strength is that we assessed whether GP practices
in our study area indeed send their tests to the regional laboratory, in which we estimated
that 81% (39/48) of the GP practices did.

A general limitation of the study was that information on patients’ sexual behavior and
on the characteristics of or reasons for testing was unavailable. Such reasons may include fi-
nancial reasons. STl tests at the GP are within patients’ deductibles in healthcare insurances,
whereas STl tests at the STl clinic are free of charge for risk groups (age <25, MSM and com-
mercial sex workers).?*?" An earlier study in the southeastern part of Limburg showed that CT
retesting rates were lower for GPs (23.0%) in comparison with the STl clinic (33.4%) and gyne-
cologists (30.3%).”" In addition, we operationalized the outcomes according to international
guidelines with a cut-off point of three months. As a result, we were unable to assess whether
a CT/NG TOC or retest was also defined as such by the treating GP. A limitation for the out-
come TOC was that we were unable to assess whether a CT or NG TOC was justified according
to the Dutch GP guideline; that s, in the case of pregnancy, persistent symptoms, reexposure
to untreated source or lack of treatment with first choice of treatment.’? In addition, the use

46



Test of cure, retesting and extragenital testing practices for Chlamydia trachomatis and Neisseria gonorrhoeae

of the same time period for assessing TOC for both CT and NG is debatable. While a TOC for
CT is not advisable, a TOC two weeks after NG treatment is internationally recommended.***
However, to enable a comparison between CT and NG, we applied equal TOC periods.* Still,
the exact time for performing an NG TOC is under debate. %

We showed that almost 1 in every 5 patients had a CT TOC. Moreover, almost two-thirds
of the positive CT TOC were diagnosed within 3 weeks of the positive screening test, which is
strongly not recommended and can be false positive results leading to overtreatment.®2 If
indicated, a CT TOC should be performed at least 3 weeks post treatment.”?2 An Australian
study showed that 25% of the patients who tested positive for CT at the GP made a new test
request within six weeks, which is also not recommended in the Australian GP guidelines.'
An NG TOC was performed in almost 1 in 4 patients, which is not recommended in the Dutch
GP guideline. However, forgoing a TOC after NG treatment is debatable, as international
guidelines recommend a TOC two weeks post treatment for all NG patients®®! or patients
with oropharyngeal NG and treated with alternative medication.” One patient had a positive
TOC after 40 days of the positive screening test, which could be related to treatment failure.*
Still, no cases of antimicrobial resistance have yet been reported in the Netherlands.?*3!

A high proportion of CT repeat infections were diagnosed. Other studies showed higher
retesting rates among GPs than our study, still retesting rates were low and likely infections
were missed.!¢3 Moreover, due to low rate of extragenital testing also extragenital infections
were likely missed, since extragenital infections are common in MSM as well as in women
without symptoms in STl clinic settings.’*?* However, this remains unclear for the GP popula-
tion. Similar findings of low extragenital testing among GPs in another Dutch region confirm
the likely generalizability of our study.?*®
According to the laboratory data (Figure 1), most CT and NG tests were performed by the
STl clinic followed by GP practices. In the Netherlands, TOC rates are higher at GP practices
compared to STI clinics, whereas retesting rates are higher at STI clinics compared to GP
practices.!” ¥ However, in other countries retesting rates seem higher at GP practices than
STl clinics. o

According to previous studies, the number of positive CT and NG tests is highest among
patients living in low SES areas.?'® The SES of patients’ living areas was not associated with
CT or NG TOC in the current study. However, most patients lived near the GP practice (<3 km;
Table 1 and 2). This fact could explain the higher CT TOC rate of GP practices in low SES areas
in our study. Our results show that patients who tested for both CT and NG were more likely
to retest for CT and NG in comparison with patients who only tested for CT (Table 1). Patients
without an NG test are likely to be a low-risk group or to lack symptoms, as the Dutch GP
guideline recommends an additional NG test in high-risk groups or when having symptoms.*
An NG retest is not mentioned in the Dutch GP guideline.’2 Positivity of NG retesting was 0%
in the current study, which may be explained by the low rate of retesting (~15%). Recently,
another study among GPs in the Netherlands showed a retest positivity rate for NG of ~23%.®
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As studies which include positivity in NG retesting of GP patients are scarce, more research is
needed for NG control optimization.*®

A CT TOC should never be performed within three weeks after CT treatment due to
false-positive results what could lead to overtreatment.”™ A CT TOC is in general not needed
but should be performed (1) in the case of pregnancy, (2) when having persistent symptoms
or (3) when there s lack of treatment with first choice treatment, as described in the Dutch GP
guideline.”” An NG TOC is internationally recommended at least two weeks post treatment
due to increasing antimicrobial resistance of NG.1*** Unfortunately this is not recommended
in the Dutch GP guideline.”? All CT and NG patients should be retested within three to twelve
months, despite that the minimum time of three months is not mentioned in the Dutch GP
guideline.’? Extragenital testing should be performed in all MSM and patients reporting ano-
rectal intercourse or symptoms, as described in the Dutch GP guideline.*?

To facilitate retesting at the GP practice, GPs could consider using modern testing and
communication strategies such as e-health. For example, GPs could, in collaboration with
their diagnostic laboratory and public health services, send home sampling kits 3 to 12
months post treatment to improve retesting rates. Also automatic small text messages could
be used. These two methods have shown to increase retesting rates in specific settings, but
not in GP settings yet.”** Moreover, education and awareness of the importance of CT and
NG testing could improve (re)testing rates at the GP practice.**

Conclusion

Almost 1in every 5 CT positives returned for a TOC. Especially GP practicesin lower SES areas
performed a CT TOC, which is not recommended. Most patients did not have a CT retest,
although the high CT positivity at retesting (12%) demonstrates the need to encourage retest-
ing of CT positives. The proportion of retesting for NG positives was also low (15%). Moreover,
only 0.3% of the CT/NG consultations had patients tested on extragenital sites. As a result,
infections or reinfections could have been missed.

A TOC for CT is not needed, whereas a TOC for NG should be performed. All CT and NG
patients should be retested within three to twelve months. GPs should perform extra genital
testing in all MSM and in all patients with anorectal intercourse or symptoms. The Dutch GP
guideline needs to be reconsidered, especially regarding NG TOC and retesting as it is incon-
sistent with international guidelines.
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Abstract

Background

Repeat Chlamydia trachomatis (CT) infections are common. We assessed whether patients
repeatedly infected with CT were different compared to patients repeatedly tested negative
to obtain insight in the characteristics of patients frequently tested and infected with CT at
our STl care services.

Methods

We assessed and included CT consultations between 2011 and mid-2018 from the laboratory
covering one defined geographical area (n=27,026). Multivariable logistic regression analy-
ses were performed for the outcomes ‘repeat CT infections’, and ‘once CT positive and not
repeatedly tested’

Results

Patients aged <25 years (OR: 1.83; 95%Cl:1.38-2.43), co-infected with HIV (OR: 2.07; 95%Cl:
1.02-4.22) or co-infected with Neisseria gonorrhoeae (NG) (OR: 5.04; 95%Cl: 3.33-7.63) had
more often had repeat CT infections. In additional analyses among only STI clinic visitors,
patients with urogenital symptoms (OR: 2.17; 95%Cl: 1.41-3.35), and patients notified for STls
(OR: 4.55; 95%Cl: 3.17-6.54) had more often repeat CT infections. Men (OR: 2.63; 95%Cl: 2.21-
3.13), and patients aged <25 (OR: 2.92; 95%Cl: 2.44-3.50) were more often CT positive and not
repeatedly tested.

Conclusions

Patients aged <25 years, and patients coinfected with HIV or NG had more often repeat CT
infections, accounted for ~20% of the diagnosed CT infections, and are likely at highest risk
for transmitting and acquiring CT. Nevertheless, 41% of the patients were not retested after
diagnosis and thereby lost to care, indicating missed repeat CT infections and ongoing trans-
mission.
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Introduction

Chlamydia trachomatis (CT) infection is one of the most commonly diagnosed bacterial sex-
ually transmitted infections (STls) worldwide.* International testing guidelines advocate re-
testing within 3 to 12 months for all patients who test positive for CT.>* Repeat CT infections
are common; up to 32% of CT patients test positive again within one year after diagnosis.*”

Previous studies have indicated that patients with more sexual partners, women, younger
patients, and patients coinfected with other STlIs are more likely to have a repeat CT infection
within 1 year of a previous CT infection. #** These studies compared the characteristics of pa-
tients with 1 repeatinfection to those patients with no repeat infection. To date, it is unknown
whether the characteristics of patients with more than one repeat CT infection over several
years differ from those patients repeatedly tested negative for CT.° Differences in character-
istics between patients repeatedly infected with CT and those repeatedly tested negative for
CT could be indicative of different high risk populations. However, similarities in the charac-
teristics between these groups could be indicative of similar sexual networks and high-risk
behavior.*1* Furthermore, the extent to which patients with repeat CT infections account for
the total number of diagnosed CT infections could provide insightin CT transmission routes.’

In contrast, patients who are not repeatedly tested after their initial diagnosis could also
have impact on the circulating STIs within a population. For example, according to previ-
ous studies, CT retesting rates in STl clinics and general practitioners (GPs) are relatively low,
ranging from 15% to 40%" ***°, whereas reinfection rates are relatively high (12%-18%)." >
Therefore, reinfections are likely missed, enabling ongoing transmission. It remains unclear
whether the characteristics of patients who test positive and who are not repeatedly tested
are different than those patients who repeatedly test negative, possibly indicating missed CT
infections among high-risk individuals.

Here, we compared the socio-demographic characteristics of patients with repeat CT in-
fections to patients who repeatedly test negative for CT. Furthermore, we assessed the so-
cio-demographic characteristics of patients who were once tested CT positive and not re-
peatedly tested to obtain insight in the population lost to care. To achieve this, we performed
this cross-sectional study including all CT consultations of different STI care providers in a
defined geographical area.

Methods

Study population

From January 2011 to July 2018, all CT test consultations (n =27,026) of 17,639 patients aged
between 15 and 64 years were obtained from the database of the regional Medical Microbiol-
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ogy Laboratory of the Maastricht University Medical Center (MUMC+) (Figure 1). The database
comprised consultations from all STI care providers, including mental healthcare facilities
(n =178; 0.7%), STI clinic (n=12,170; 45.0%), hospital (n=3,667; 13.6%), and GPs (n=11,011,
40.7%), from a geographical area in the south-eastern part of Limburg, the Netherlands. In
the study area, 81% (n = 48) GPs send the CT samples for testing to the regional laboratory,
ensuring sufficient laboratory coverage.” Samples tested positive for CT within 30 days of a
previous positive CT test were excluded due to possible false-positive results* (n = 233); the
vast majority of excluded tests (86.7%; 202/233) were diagnosed within 14 days of a previous
CT infection.

The geographical area consisted of 111,162 inhabitants (hereafter referred to as the “res-
idential population”) aged between 15 and 64 years (Statistics Netherlands: https://www.
cbs.nl/en-gb). We calculated what proportion of the residential population was tested for CT,
once infected, and repeatedly infected with CT.

Laboratory data 2011-2018 containing CT test
consultations (N=68,040)

44.5% (n=30,125) men
55.5% (n=37,904) women

( <0.1% (n=11) unknown
Patients aged 15-64 T
years
\ Y, I N=67271 CT consultations
'
Study area [ros=ssssssanzocdy

\ P N= 27,026 CT consultations (10.1% CT

positive, n=2,738)

N=233 repeat
infections within

30 days excluded

______________ .| n=17,616 patients

-N=11,612 (65.8%) patients once tested CT negative

-N=3,794 (21.5%) patients repeatedly tested CT negative

-N=814 (4.6%) patients once CT positive and not repeatedly tested
-N=1,152 (6.5%) patients CT positive and repeatedly tested CT negativ
-N=244 (1.4%) patients with repeat CT infections

Figure 1. Flowchart of Chlamydia trachomatis test consultations, January 2011- July 2018

Outcome measures

Two main outcome measures were defined as: (1) “repeat CT infections,” which included pa-
tients with =2 repeat CT infections within the study period and (2) “once CT positive and not
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repeatedly tested,” which included patients who were once tested positive for CT and not
repeatedly tested.

Statistical analyses

Our main study population included all individuals tested for CT (n = 17,616). In our main
analyses, we assessed whether the characteristics of individuals classified in one of the two
above described outcome measures were different compared to individuals who repeatedly
tested negative (=2 negative CT tests) using multivariable logistic regression analyses. The
determinants that were tested were initial test location (mental healthcare facilities, ST clin-
ic, hospital, or GPs), sex (men or women), age (<25 years and = 25 years), urbanization (rural or
urban), HIV coinfection (not tested, yes, or no), and NG coinfection (not tested, yes, or no). All
determinants were recorded at the time of the patient’s consultation. We noticed that 6.2%
(n =1,090) of the patients tested for CT changed their STI care provider after their initial test
(Supplementary Table S1). Therefore, the determinant “initial test location” was based on the
STl care provider where the patient was firstly tested.

Additional determinants were available for the STI clinic population only. Therefore, our
secondary study population included only STl clinic visitors tested for CT (n=8,007). Addition-
al determinants included: the maximum number of sex partners in the past 6 months prior
to a consultation a patient had in the entire study period (unknown, 0-1, 2-3, and >4), any
urogenital symptoms during the study period (unknown, yes, or no), any proctitis during the
study period (unknown, yes, or no), any oropharyngeal symptoms during the study period
(unknown, yes, or no), any notification for STl during the study period (unknown, yes, or no),
and transmission group (men who have sex with women [MSW] or men who have sex with
men [MSM], and women).

Determinants with P<0.10 in the univariable logistic regression models were included in
the multivariable model. Odds ratios and 95% confidence intervals (Cls) were calculated and
presented. All analyses were performed using the SPSS V24 (IBM SPSS Statistics for Windows,
IBM Corporation, Armonk, New York, USA). A P-value of <0.05 was considered statistically sig-
nificant.

Ethics statement

The Medical Ethics Committee of the Maastricht University Medical Center (Maastricht, the
Netherlands) approved this study (METC 2017-0251) and waived the need for patient con-
sent. Since the retrospective data originated from regular care and were analyzed anony-
mously, no further informed consent for data analysis was obtained.
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Patient and public involvement

The development of the research question and outcome measures were not informed by pa-
tients’ priorities, experience, and preferences. No patients were involved in the design of this
study. No patients were involved in the recruitment to and conduct of the study. The study
results will not be disseminated to study participants since retrospective data were used.

Results

CT testing and positivity in the residential population

Ofthe 111,162 individuals residing in the study area, 15.8% (n = 17,616) were tested for CT and
2.0% (n=2,210) were tested positive at least once; 1.8% (n = 1,966) were diagnosed with 1 CT
infection, and 0.2% (n=244) with =2 CT infections.

Within the individuals tested for CT (n=17,616), 11.2% (n = 1,966) were tested positive for
CT once, and 1.4% (n=244) were repeatedly (>2) infected with CT. The characteristics of all
individuals tested for CT are presented in Table 1.

Of the 1,966 patients once infected with CT, 41.4% (n = 814) were not repeatedly tested af-
ter their CT diagnosis. All 2,210 CT patients contributed to 2,505 CT infections. Of these 2,505
CT infections, repeat CT infections (=2 CT infections) accounted for 21.5% (n = 539).
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Characteristics of patients with repeat infections

Patients repeatedly infected with CT (=2 CT infections) accounted for 1.4% (n = 244) of all
the 17,616 individuals tested for CT (Figure 1). In multivariable analyses, patients repeatedly
infected with CT were more likely aged <25 years, coinfected with HIV, or coinfected with NG
compared to patients repeatedly tested negative for CT (Table 1).

In our secondary analyses among only ST clinic visitors, patients repeatedly infected with

CT (n = 141) were more likely to have urogenital symptoms or notified for STIs compared to
patients repeatedly tested negative for CT (Table 2). K]
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Characteristics of patients who once tested positive for CT and not repeatedly
tested

Of all the 17,616 individuals tested for CT, 4.6% (n = 814) were found to be positive for CT once
and not repeatedly tested (Figure 1). In multivariable analyses, these patients were more of-
ten men, aged <25 years, and not tested for NG compared to patients repeatedly tested neg-
ative for CT (Table 1).

In our secondary analyses among only STl clinic visitors, patients once tested positive for
CT and not repeatedly tested (n = 450) were more often notified for STIs or MSW compared to
patients repeatedly tested negative for CT (Table 2).

Discussion

In this study, we included all CT consultations at ST care providers in a defined geographical
area to assess whether patients repeatedly infected with CT were different to those repeat-
edly tested negative. Patients aged <25 years or coinfected with NG or HIV more often had
repeat CT infections and are likely at highest risk for acquiring and transmitting CT. Those pa-
tients with repeat CT infections accounted for 22% of all diagnosed CT infections. Additional
focus should be on men, patients aged <25 years, and patients not tested for NG as they were
more often tested positive for CT once without repeat testing, likely causing missed repeat CT
infections and ongoing transmission.

Astrength of our study is that all CT consultations of all STl care providers in a defined geo-
graphical area were included to obtain insight in CT testing differences between STl care pro-
viders. Due to the inclusion of all tests by the STl clinics and medical specialists and the high
coverage of GP data (81%), underestimations of CT tests seem unlikely.” Another strength
is the timeframe of 7.5 year to partly prevent underestimations of repeat infections.® We ex-
cluded all CT tests which were positive within 30 days of an earlier positive test to be able to
draw accurate conclusions about patients repeatedly infected, i.e., patients with a positive
test within 30 days could be false-positive due to non-viable recurrent CT.* The additional
analyses among STI clinic visitors allowed us to assess additional determinants related to
sexual behavior to draw conclusions specified for ST clinic visitors.

Alimitation of the study was that information on reasons for testing was unavailable. Such
reasons may include financial reasons. For example, ST tests at the GP are within patients’
deductibles in healthcare insurances, whereas STl tests at the STI clinic are free of charge
for risk groups (age <25 years, MSM, and commercial sex workers).*"*# Such reasons for test-
ing could provide more insight into whether patients were repeatedly tested. Furthermore,
the additional determinants (sexual risk behavior and symptoms) assessed in the STl clinic
population were not available for the mental healthcare, GP, and hospital population. We
were unable to assess whether patients moved out of the study area or were repeat tested
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by another STl care provider out of the study area potentially leading to an underestimation
of repeat infections or repeat tests. However, we expect this potential bias to be low, since
repeat testing in general at different ST care providers, such as the STl clinic and GP, is prov-
en to be low.”**1° A general limitation of studies using existing databases is that data is only
available for the tested population, and probably a proportion of all CT infections remain
undiagnosed and are not considered. However, this study is one of the few to include all tests
by all care providers in one geographical area, therefore including at least almost the whole
tested population.

A comparable study by Hsu et al. showed that 28% of all diagnosed STls were repeat (=2)
infections.® They concluded that a relatively small group of patients repeatedly infected with
STls likely have a disproportionally high impact on circulating STIs within a population; the
so called “core group”? The authors included all relevant STls in their case definition includ-
ing repeat syphilis, NG, and CT infections. However, we believe that the “core group” theory
is STl specific. For example, 76% of the NG infections are diagnosed among MSM in the Neth-
erlands. Whereas CT infections are distributed among different transmission groups (23%
of the CT diagnoses are among MSM, 50% among women, and 28% among heterosexual
men).2° Moreover, heterosexual men, women, and MSM were equally affected by repeat CT
infections arguing for population transmission instead of core group transmission (p>0.05;
Table 2). Furthermore, 16% of the residential population in our study area was tested for CT.
Therefore, only a small fraction of all CT infections was possibly diagnosed, leading to ongo-
ing transmission within the population.

Despite patients undergoing repeat testing and with repeat infections are at a high risk
for transmitting and acquiring STIs, many CT patients (41%) were once CT positive and not
repeatedly tested and, therefore, lost to care. This enables ongoing transmission as repeat
CT infections are common among patients undergoing retesting within 1 year (up to 32%).*
1619 Retesting CT-positive patients is an effective control strategy and can be used to enhance
the population-based prevention of CT.* Although retesting is advised in many international
guidelines 24?1?22 retesting rates remain typically low.”15 %% Focus should be on men and pa-
tients aged <25 years as they were more often tested positive for CT and not retested, proba-
bly leading to ongoing transmission of CT.

NG coinfection was associated with repeat CT infections. Notably, 58 patients who were
once CT positive and not repeatedly tested were not tested for NG (Table 1). We noticed that
almost all these patients were from the GP and hospital population (94.8% 55/58). Therefore,
NG infections and CT repeat infections could be missed, leading to ongoing transmission of
CT and NG. GPs and hospital physicians should consider CT and NG testing at the same con-
sultation for all patients at a risk for STIs.**2* CT and NG are tested using the same sample,
leading to no additional costs when assessing NG positivity.

STl clinic patients with urogenital symptoms were more likely to have repeat CT infections
compared to patients without these symptoms. Our study group and others observed an
association between urogenital symptoms and a higher CT bacterial load, which could be in-
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dicative of a higher transmission potential and likely clinical relevance. " Furthermore, the
highest CT positivity rates are found among patients notified for CT (35.2% in women, 32.8%
in heterosexual men, and 22.5% in MSM).?® Notably, STI clinic patients notified for STIs were
more often repeatedly infected with CT, indicating the essential role of partner management
for targeting, testing, and treating this high-risk population.®

In conclusion, patients aged <25 years, and patients coinfected with HIV or NG had more
often repeat CT infections accounting for one out of five diagnosed CT infections. Also, STI
clinic patients with urogenital symptoms and notified for STI's were more often repeatedly in-
fected with CT. Those patients are likely at highest risk for transmitting and acquiring CT. Nev-
ertheless, 41% of the patients, mainly men, individuals aged <25 years and individuals not
tested for NG, were not retested after diagnosis and thereby lost to care, indicating missed
repeat CT infections and ongoing transmission.
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Abstract

We assessed whether patients repeatedly infected with Neisseria gonorrhoeae (NG) were dif-
ferent compared to patients repeatedly tested negative, to obtain insight into the character-
istics of patients frequently tested and infected with NG. All patients tested for NG (n = 16,662)
between January 2011 and July 2018 were included. Multivariable logistic regression analy-
ses were performed for the outcomes “repeat NG infections” and “once NG positive and not
retested” versus patients “repeatedly tested NG negative”. Of the individuals tested for NG,
0.2% (40/16,662) had repeat (=2) NG infections, and accounted for 23% of all diagnosed NG
infections. STl clinic patients, men (mostly men who have sex with men (MSM)), patients aged
>25 years, and patients co-infected with HIV or Chlamydia trachomatis (CT) more often had
repeat NG infections. The number of patients not retested after their initial NG diagnosis was
29.9% (92/308). Men (mostly MSM), HIV positive patients, and patients notified for sexually
transmitted infections (STIs) were more often NG positive and not retested. Concluding, only
40 patients tested for NG accounted for one in four diagnosed NG infections. However, re-in-
fections are likely to be missed among MSM and HIV positive patients, as they were mainly
not retested after NG infection. It remains important to test and re-test for NG, especially in
MSM, in order to halt transmission.
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Introduction

Neisseria gonorrhoeae (NG) is one of the most commonly diagnosed bacterial sexually trans-
mitted infection (STI) worldwide.! International testing guidelines advocate retesting within
3to 12 months for all patients who test positive for NG.%* Repeat NG infections are common;
up to 40% of NG patients test positive again within one year after diagnosis.>”

Previous studies have indicated that patients with more sexual partners, men who have
sex with men (MSM), and patients co-infected with other STls are more likely to have a repeat
NG infection within one year of a previous NG infection. These studies compared the char-
acteristics of patients with one repeat infection to those patients with no repeat infection to
identify high risk individuals. To date, however, it remains unknown whether the characteris-
tics of patients with more than one repeat NG infection differ from patients repeatedly tested
NG negative.® Differences in the characteristics between patients repeatedly infected with NG
and those individuals repeatedly tested negative for NG could be indicative for different high-
risk populations. However, similarities in the characteristics between those groups could
suggest similar sexual networks and high risk behavior.>!° Furthermore, the extent to which
patients with repeat NG infections account for the total number of diagnosed NG infections
could provide insight into NG transmission routes.®

In contrast, patients who are not retested after their initial NG diagnosis could also have
impact on circulating STIs within a population. For example, from previous studies it is
known that NG retesting rates of STl clinics and general practitioners (GPs) are relatively low,
ranging from 15-22.8%, while reinfection rates are relatively high (up to 16%)."** Therefore,
NG reinfections are likely to be missed leading to ongoing transmission of NG. Identifying the
characteristics of patients who are once NG positive and not retested could be used to inform
NG (re-)test practices and control.

Here, we compared the socio-demographic characteristics of patients with repeat NG
infections with individuals repeatedly tested NG negative to identify high risk populations.
Furthermore, we assessed whether the socio-demographic characteristics of patients who
were once NG positive and not retested were different compared to individuals repeatedly
tested NG negative to obtain insight into the population lost to care. To achieve this, we per-
formed this study including all NG consultations in a defined geographical area in a 7.5-year
timeframe
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Materials and methods

Study population

In this cross-sectional study, all NG test consultations (n = 25,189) from January 2011 and
July 2018 of 16,662 patients between 15 and 64 years old were obtained from the database
of the regional Medical Microbiology Laboratory of Maastricht University Medical Center
(MUMCH) (Figure 1). The database comprised consultations from all STI care providers from
one geographical area in the south-eastern part of Limburg, the Netherlands. The study area
included the municipalities of Maastricht, Eijsden-Margraten, and Valkenburg aan de Geul.
Only data of patients living in this area were included for analyses. The distribution of NG test
consultations per STl care provider were as follows: mental health care (n=171;0.7%), the ST
clinic (n=12,278; 48.7%), the hospital (n = 3206; 12.7%), and GPs (n = 9534; 37.8%). Of the GP
practices in the study area, 81% (n = 48) send their tests to the regional laboratory ensuring
acceptable laboratory coverage.” NG positive tests within 30 days of a previous positive NG
test were excluded due to possible false-positive results (n =43).*

The geographical area consisted of n = 111,162 inhabitants (hereafter residential popu-
lation) between 15 and 64 years old.?? Our main study population included all individuals
tested for NG (n = 16,662).

Laboratory data 2011-2018 containing NG test
consultations (N=65,916)

45.4% (n=29,957) men
54.5% (n=35,948) women

( \ <0.1% (n=11) unknown
Patients aged 15-64 N
years
\ ) | N=65177NG consultations

( Study area: \

patients living in the

municipalities of [m====mmmmmmmme
Maastricht, Eijsden-
Margraten, and N=25,189 NG consultations (1.8% NG
Valkenburg aan de positive; n=445)
\ Geul J
N=43 repeat NG
infections within n=16,662 patients

30 days excluded

-N=11,796 (70.8%) patients once tested NG negative

-N=216 (1.3%) patients NG positive and repeatedly tested NG negative
-N=4,518 (27.1%) patients repeatedly tested NG negative

-N=92 (0.6%) patients once NG positive and not retested

-N=40 (0.2%) patients with repeat NG infections

Figure 1. Flowchart of Neisseria gonorrhoeae test consultations, January 2011- July 2018.
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Outcome measures

Two main outcome measures were defined: (1) “repeat NG infections”, which were patients
with =2 repeat NG infections within the study period, and (2) “once NG positive and not re-
tested”, which were patients who were once NG positive and not retested within the study
period.

Statistical analyses

In our main analyses, we assessed whether the characteristics of patients classified in one
of the two above described outcome measures were different compared to individuals re-
peatedly tested negative (= 2 negative NG tests) using multivariable logistic regression anal-
yses. Determinants tested were: initial test location (mental health care facilities, STI clinic,
hospital, GP), sex (men, women), age (< 25 years, = 25 years), urbanization (rural, urban), HIV
co-infection (not tested, yes, no), and any CT co-infection (yes, no) during the study period.
We noticed that 5.9% (n = 977) of the patients tested for NG changed STl care provider after
their initial test (Supplementary File 1). Therefore, the determinant ‘initial test location” was
based on the STl care provider where the patient was firstly tested for NG. The determinant
urbanization was defined according to Statistics Netherlands: areas with 21500 addresses
per km? were categorized as “urban” and areas with <1500 addresses per km?were catego-
rized as “rural”*?

Our secondary study population included STI clinic visitors tested for NG (n = 8022). Analy-
ses were performed for determinants only available for the STl clinic population and includ-
ed: the maximum number of sex partners in the past 6 months prior to a consultation of a
patient in the entire study period (unknown, 0-1, 2-3, = 4), any urogenital symptoms during
the study period (unknown, yes, no), any proctitis during the study period (unknown, yes,
no), any oropharyngeal symptoms during the study period (unknown, yes, no), any notifica-
tion for STI during the study period (unknown, yes, no), and transmission group (men who
have sex with women (MSW), MSM and women).

We calculated which proportion of the residential population (n=111,162) were tested for
NG, once infected, and repeatedly infected with NG.

Determinants with p < 0.10 in the univariable logistic regression models were included in
the multivariable model. Odds ratios and 95% confidence intervals (Cl) were calculated and
presented. All analyses were performed using SPSS V24 (IBM SPSS Statistics for Windows,
IBM Corporation, Armonk, New York, USA). A p-value of < 0.05 was considered statistically
significant.

Additionally, we visualized residence areas of patients (based on their 4-digit postal code),
who were classified in one of the two earlier mentioned outcome measures, in a geograph-
ical map to inform potential outreach activities, and targeted testing using Qgis 2.18.28.13
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Ethics statement

The medical ethics committee of the Maastricht University Medical Center (Maastricht, the
Netherlands) approved this study (METC 2017-0251) and waived the need for consent to be
collected from participants. Since retrospective data originated from regular care and were
analyzed anonymously, no further informed consent for data analysis was obtained.

Results

NG testing and positivity in the residential population

Of the 111,162 people residing in the study area, 15.0% (n = 16,662) were tested for NG. 0.3%
(n =348) tested positive at least once; 0.3% (n = 308) were diagnosed with one NG infection;
and 0.04% (n = 40) with two or more NG infections.

Within the individuals tested for NG (n = 16,662), the vast majority (70.8%) were tested
once and found NG negative (n = 11,796), and 0.2% (n = 40) were repeatedly (= 2) infected
with NG (Figure 1). The characteristics of all individuals tested for NG are presented in Table 1.

Of the 308 patients once infected with NG, 29.9% (n = 92) were not retested after their ini-
tial NG diagnosis. All 348 NG positive patients contributed to 402 NG infections. Of these 402
NG infections, repeat NG infections (= 2 NG infections) accounted for 23.4% (n = 94).
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Characteristics of patients with repeat NG infections

The characteristics of patients repeatedly infected with NG (= 2 NG infections) (n = 40) were
compared to the characteristics of patients repeatedly tested negative for NG (n = 4518). In
multivariable analyses, patients repeatedly infected with NG were more likely STI clinic pa-
tients, men, aged = 25 years, not tested for HIV, co-infected with HIV, or co-infected with CT.

In our secondary analyses among STl clinic visitors, patients repeatedly infected with NG
(n = 30) were more likely having urogenital symptoms, having proctitis, notified for STls or
MSM (Table 2).
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Characteristics of patients once tested NG positive and not retested

The characteristics of patients who tested once NG positive and who were not retested (n =
92) were compared to the characteristics of patients who repeatedly tested negative for NG
(n=4518). In multivariable analyses, these patients less often visited the STl clinic or hospital,
thus more often visited the GP. They were more often men, not tested for HIV or HIV positive
(Table 1).

In our secondary analyses among STl clinic visitors, patients once NG positive and not
retested (n = 37) were more often notified for STIs, MSW or MSM (Table 2).

Geographical mapping

The four-digit postal code of the patient was used to explore the location of patients infected
with NG for potential outreach activities.

For the STI clinic population, three local areas were visualized where > 3 patients with
repeat NG infections reside (Figure 2A). Two local areas nearby the STI clinic were visualized
where > 4 patients, who tested positive and who were not retested, reside (Figure 2B).

For the GP population, seven areas were visualized where one patient with repeat NG in-
fections reside (Figure 2C). Six local areas were visualized where > 4 patients, who were NG
positive and who were not retested, reside (Figure 2D).
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Figure 2. Geographical maps of patients infected with Neisseria gonorrhoeae. .

Geographical maps including four-digit postal code areas where patients with repeat Neisseria
gonorrhoeae infections reside (A and C), and four-digit postal code areas where patients who test
positive for Neisseria gonorrhoeae and who were not retested reside (B and D) stratified for the STl clinic
population and general practitioner population. Location of the study area, as part of the Netherlands,
is provided in the right upper corner.
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Discussion

This study provides an overview of individuals tested for NG at different STl care providers in
a defined geographical area. We showed that 40 patients (0.2% of the patients tested for NG)
were repeatedly infected with NG and accounted for one in four diagnosed NG infections. The
vast majority of these patients were diagnosed at the STl clinic and were MSM. These patients
are likely at highest risk for acquiring and transmitting NG. Nevertheless, focus should also
be on men (including mostly MSM, but also MSW), patients co-infected with HIV, and patients
notified for STls, as they were more often once NG positive without repeat testing, potentially
leading to missed repeat NG infections and ongoing transmission of NG.

Strengths of the study are the inclusion of all NG consultations of STI care providers in
a defined geographical area to obtain insight in transmission of NG. Due to inclusion of all
tests by the STI clinic and hospital specialists and the high coverage of GP data (81%), un-
derestimations of NG tests seem unlikely.” A further strength is the timeframe of seven and a
half years to partly prevent underestimations of repeat infections.® The additional analyses
among STl clinic visitors allowed the assessment of additional sexual behavior determinants
to draw conclusions specified for STl clinic visitors. Furthermore, we visualized geographical
areas where patients with repeat NG infections and patients who were not retested after NG
diagnosis reside. Such geographical visualizations could inform local outreach activities and
targeted testing.

A limitation of the study was that information on reasons for testing was unavailable.
These may include financial reasons. For example, STI tests at the GP are within patients’
deductibles in healthcare insurance, whereas STl tests at the STl clinic are free of charge for
risk groups like young people (aged < 25 years), MSM, and commercial sex workers. Such
reasons for testing could provide more insight into why patients are (not) repeatedly tested.
Furthermore, the additional determinants (sexual risk behavior and symptoms) assessed for
the STl clinic population were not available for the mental healthcare, GP, and hospital pop-
ulation. Therefore, we could not assess whether men visiting these care providers were MSM
or not. However, based on additional analyses among STl clinic patients, it is likely that men
diagnosed with NG by GPs are mostly MSM.

Another study observed that 28% of all diagnosed STls were repeat (= 2) STIs.2 The authors
concluded that a relatively small group of patients repeatedly infected with STls likely have
disproportionally high impact on circulating STIs within a population, the so called “core
group”® They included more STls in their case definition including syphilis, NG, and CT. How-
ever, we believe core group transmission is STl specific. For example, 76% of the NG cases
in the Netherlands are diagnosed in MSM which makes core group transmission more likely
as compared to CT, which is a population disease affecting the general population such as
men, women, and people aged < 25 years.* Furthermore, the majority of patients with re-
peat NG infections were living in the municipality of Maastricht, which is in general a more
urbanized area compared to the other municipalities, suggesting that high risk NG groups
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mainly cluster in cities. As MSM are disproportionally affected by NG in the Netherlands and
Australia, and only 40 patients accounted for one in four diagnosed NG infections, core group
transmission is likely.**

Despite patients with repeat testing and repeat infections being at high risk for transmit-
ting and acquiring NG, we point attention to the fact that one in three NG patients were once
NG positive and not retested and, therefore, lost to care. This enables ongoing transmission
as repeat NG infections are common among patients retesting within one year.”** The Cen-
ters for Disease Control and Prevention (CDC) recommends that all men and women infected
with NG should be retested three months after treatment.” Retesting NG positive patients is
an effective control strategy and can be used to enhance population-based prevention.* De-
spite that retesting is advised in many international guidelines®, retesting rates remain typ-
ically low," indicating a need for improvement among STI care providers. Moreover, areas
with relatively many patients, who were not retested after NG diagnosis, were located nearby
the STl clinic. This geographical information provides a window of opportunity to inform tar-
geted testing and outreach activities.

STl clinic patients with urogenital symptoms or proctitis had more often repeat NG infec-
tions. Studies have shown a higher NG bacterial load among symptomatic men suggesting
higher transmission potential and likely clinical relevance.’*" Therefore, men with symptoms
suggestive of NG should be encouraged to present early for treatment to prevent ongoing
transmission.*®

The highest NG positivity rates are found among STl clinic patients notified for NG (29.8%
in women, 19.0% in heterosexual men, and 30.9% in MSM).** Notably, ST clinic patients no-
tified for STls were repeatedly infected with NG, but also lost to care indicating the essential
role of partner management for targeting, testing, and treating this high-risk population.

Conclusions

Only 40 patients with repeat NG infections (0.2% of the individuals tested for NG) accounted
for one in four NG infections. These patients were mainly STI clinic patients, MSM, and pa-
tients co-infected with CT or HIV. STI clinic patients with urogenital symptoms, proctitis, or
notified for STIs had more often repeat NG infections, arguing for higher transmission poten-
tial. Therefore, it remains important to test and treat STl clinic patients, and in particular MSM
for repeat NG infections. However, focus should also be on GP patients, men (including MSM
and MSW), patients co-infected with HIV, and patients notified for STls, as they were more
often not retested after NG diagnosis, indicating missed repeat NG infections and ongoing
transmission of NG.
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Abstract

Background

The bacterial load of Chlamydia trachomatis (CT) is assumed to play a role in transmission
and sequelae. We assessed urogenital CT cycle quantification (Cq) values, as an indicator for
CT load, of men and women diagnosed by general practitioners (GPs), hospital physicians
and the STl clinic.

Methods

Urogenital CT-positive samples (n= 2,055 vaginal swabs, n=77 cervix swabs, n=1,519 urine
samples and n=19 urethral swabs) diagnosed by GPs, hospital physicians and the STI clinic
from the Maastricht Medical Microbiology Laboratory were included (2012-2016). The out-
come measure ‘urogenital Cq values’ was used as an inversely proportional measure for CT
load. Among all patients, multivariate linear regression analyses were used to assess primary
determinants for mean urogenital Cq values, stratified by sex. Additional clinical determi-
nants were assessed among STl clinic patients.

Results

In men, mean urogenital Cq values were similar between GPs, hospital physicians and the
STl clinic (32.7 and 33.5 vs. 32.7; p>0.05). Women visiting the GP had lower urogenital Cq val-
ues than women visiting the STl clinic (30.2 vs. 30.9; p=<0.001). Women visiting the hospital
had higher urogenital Cq values than women visiting the STl clinic (32.4 vs. 30.9; p=<0.001).
Among STl clinic women, urogenital Cq values were lower in women with concurrent anorec-
tal CT and in rectally untested women compared to anorectal CT-negative women (30.7 and
30.6 vs. 33.9; p=<0.001).

Conclusion

Men visiting different ST care providers had similar urogenital Cq values, which could be an
indicator for similar CT loads. The lower Cq values of women visiting the GP compared to
women visiting the STl clinic could be an indicator for higher CT loads and likely higher trans-
mission potential. Notably, urogenital Cq values of STl clinic women were much lower (>3 Cq)
when STI clinic women also had anorectal CT. This finding could indicate higher urogenital
CT loads and likely higher chances of transmission and sequelae.
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Introduction

Chlamydia trachomatis (CT) is the most prevalent bacterial sexual transmitted infection (STI)
worldwide.! CT infection can increase the risk of reproductive sequelae in women, such as
pelvic inflammatory disease, infertility, and ectopic pregnancy.?

In several countries, such as Australia, the United Kingdom and the Netherlands, general
practitioners (GPs) have a significant role in STI healthcare, as a large proportion of CT in-
fections are diagnosed by GPs.>® Other STI care providers include STl clinics, genitourinary
medicine (GUM) clinics and hospital physicians.®”8 STI care providers test different popula-
tions of patients. Studies have shown differences in age, sex, race and socioeconomic (SES)
characteristics of patients visiting different STI care providers.” CT-positive patients visiting
different STl care providers also differ in characteristics such as age, sex, race and SES.”® Po-
tentially CT-positive patients of different STI care providers also differ in CT bacterial load
(hereafter CT load).

The CT load, often expressed as the number of CT bacteria present per milliliter, has been
studied over several years.!® An earlier report by our study group showed comparable uro-
genital CT loads in men and women participating in a Dutch population-based CT screening
and STl clinic visitors, arguing similar chances of transmission and sequelae.!! Previous stud-
ies assessing CT load included separate patient populations of STI care providers, such as
the STl clinic and GPs.**?1* Nevertheless, GP, hospital and STl clinic patient populations have
never before been compared regarding CT load. Comparing the CT loads of patients visiting
different STI care providers could expand our understanding of CT-infected patient popula-
tions served by our STl care services.

Currently, it is not known what determines a high bacterial CT load in a patient and what
its consequences are. Symptoms might be associated with higher CT loads but this remains
a matter of debate.’’ It could be relevant to assess determinants for high CT loads. For exam-
ple,inviral STls, such as herpes simplex virus and human immunodeficiency virus (HIV), it has
been shown that higher viral loads increase transmission potential.’® However, it is unknown
whether this also applies to CT load.*®

Concurrent urogenital and anorectal infections are common among women visiting the
STl clinic, i.e. more than 70% of women with urogenital infections also have an anorectal in-
fection.® % Current guidelines advocate anorectal testing in women based on indication, i.e.
after self-report of anal sex and/or symptoms.'> However, as GPs rarely test women anorec-
tally it remains unknown whether anorectal infections are common among women visiting
the GR.Y

Our main objective was to compare the urogenital CT Cq values, as an indicator for CT
load, between CT-positive patients tested by GPs, hospital physicians and the STI clinic to
obtain more insight in the CT loads of different populations. Our second objective was to
assess which clinical determinants were associated with urogenital Cq values.
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Methods and materials

Ethics statement

The medical ethics committee of the Maastricht University Medical Center (Maastricht, the
Netherlands) approved this study (METC 2017-0251) and waived the need for consent to be
collected from participants. Since retrospective data originated from regular care and were
analyzed anonymously, no further informed consent for data analysis was obtained.

Study population

In this cross-sectional study, data from 3,899 test consultations of urogenital CT-positive pa-
tients =16 years (from n=38,599 consultations; 10.1% CT positive) were obtained from the
Medical Microbiology Laboratory of Maastricht University Medical Center (MUMC+) from
January 2012 through May 2016. Data included consultations performed by GPs, hospital
physicians and the STl clinic. The majority of hospital consultations were performed by gy-
necologists (42,5%; n=48) followed by internists (22.1%; n=25). The proportions of urogenital
CT tests performed by the GP, hospital physicians and STl clinic do not reflect the real distri-
bution of STl care provider testing in our region, as we included different geographic serving
areas for the STl care providers.

The laboratory provides the same instruction methods for collecting CT samples for GPs,
hospital physicians and STl clinic using the same sampling materials. The CT samples were
daily transported to the laboratory. All samples were collected in a standardized way and
were analyzed in the same laboratory.

All samples were tested for CT with a nucleic acid amplification test (NAAT) (COBAS 4800,
Roche Diagnostics, Basel, Switzerland), as per the manufacturer’s protocol.!* The NAAT-de-
rived cycle quantification (Cq) value is commonly used as a proxy for bacterial load in other
infectious diseases; a low Cq value indicates a high load, and vice versa.’#%

The study population included data from all samples for which the Cq value could be
retrieved (98.0%; 3,821/3,899) (Figure 1). For men, data from urine and urethral swabs were
available. Mean Cq values from urine (n=1,519, M=32.69, SD=3.20) and urethral swabs (n=19,
M=32.88, SD=4.80) were comparable in men (p=0.86). These data were merged together as
‘urogenital Cq values’

For women, data from urine, vaginal swabs and cervix swabs were available. Mean Cq
values from vaginal swabs (n=1,973, M=30.86, SD=3.73) and cervix swabs (n=77, M=30.58,
SD=4.24) were comparable in women (p=0.51). The data were merged together as ‘urogenital
Cqvalues’ Mean Cq values from vaginal swabs (n=1,973, M=30.86, SD=3.73) and urine (n=233,
M=33.28, SD=3.60) were significantly different (p=<0.001). Data from urine samples of women
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were excluded (n=233), asinternational guidelines advocate vaginal swabs, as the diagnostic
value (sensitivity and specificity) for detecting CT in urine samples is lower compared to vagi-
nal swabs.”#* The majority of urine samples from women were taken by GPs (94%; Figure 1).

Laboratory data 2012-2016 containing CT test consultations (N=39,613)
43.6% (n=17,263) men; 56.4% (n=22,345) women; <0.1% (n=5) unknown

Patients aged <16years [ _________. ...
0.7% (286/39,613) excluded

N Other STl care providers
n=39,327 CT test consultations ’__ | 09% (338/39327)
dida ol

GPs Hospital physicians STl clinic
206% (n=8,111) 9.1% (n=,569) 69.4% (n=27,309)
8.8% (712/8,111) 4.2% (153/3,569) 12.8% (3,483/27,089)
CT positive consultations CT positive consultations CT positive consultations
6.7% (1/15) anorectal positive 10.8% (33/305) anorectal positive 8.0% (802/10,034) anorectal positive
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Figure 1. Flowchart,including Chlamydia trachomatis samples taken by general practitioners, hospital
physicians and the STl clinic between January 2012 and May 2016.

Cycle quantification validation for CT load

We tested the use of the Cq value as a proxy for CT load by comparing derived Cq values
with quantified CT load values from our previous studies.** #% CT load values were avail-
able from a subset of the STI clinic population, i.e. n=103 vaginal swabs from women (S1
Table). In short, we quantified CT load by an in-house TagMan real-time gPCR to quantify CT
OmpA-gene copies/ml.* A full description of the CT load quantification has been described
elsewhere.!

S2 Figure shows the high correlation between vaginal Cq values and vaginal CT load (CT/
ml logl0) (Pearson’s r: -0.80, n=103, p=<0.001). Therefore, the Cq value is a valid inversely
proportional proxy for CT load.
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Statistical analyses

The main objective was to compare the outcome measure, i.e. ‘urogenital Cq values’, be-
tween the populations visiting different STl care providers. Therefore, the main determinant
was STl care provider (GP, hospital physician, or STl clinic).

Analyses were stratified for men and women since CT load varies by sample type and sex.??
Baseline characteristics were compared between the GP, hospital physician and the STl clinic
CT-positive populations using chi-square tests. Univariable and multivariable linear regres-
sion analyses were performed to test the association between the main determinant and the
outcome, controlling for putative confounders. The putative confounders were available for
the whole study population and included age in years (<25, 225), SES (low, medium, high, un-
known), Neisseria gonorrhoeae (NG) urogenital positive (yes, no, not tested) and HIV positivity
(yes, no, not tested). Dutch SES scores based on income, education level and employment
were extracted from the Netherlands Institute for Social Research (http://www.scp.nl) per
four-digit postal code area of the patient.

Oursecond objective was to assess potential associations between the outcome measure
and clinical determinants (available for the STl clinic population), including concurrent ano-
rectal CT infection (no anorectal test, yes, no), urogenital symptoms (unknown, yes, no), oro-
pharyngeal symptoms (unknown, yes, no), proctitis (unknown, yes, no) and, for men, sexual
preference (unknown, MSM, heterosexual men).

Forall linear regression analyses, determinants with p<0.05 in the univariable model were
included in the multivariable model. To test our main objective, the main determinant ‘STI
care provider’ was entered in the multivariable model. Means, betas and 95% confidence in-
tervals (Cl) were calculated. Finally, the proportions of low and high Cq values were assessed
between the STI care providers based on quartiles and are depicted in Figure 2. Analyses
were performed using SPSS V21 (IBM SPSS Statistics for Windows, IBM Corporation, Armonk,
New York, USA). A p value of <0.05 was considered statistically significant.

Results

Study population

Of the 3,588 urogenital samples in the dataset, 42.9% (n=1,538) were samples from men, and
57.1% (n=2,050) were samples from women. Baseline characteristics (age, SES, NG and HIV)
differed between the CT-positive populations visiting GPs, hospital physicians and the STI
clinicin both men and women (Table 1).

96



Chlamydia trachomatis bacterial load, estimated by Cq values, in urogenital samples from men and women visiting

the general practice, hospital or STl clinic

“SNJIA AdURID IS poUNWW] UBWNY ‘AJH 9090y0U0D DLSSSION ‘ON SNILIS DILIOU0I0I20S ‘SIS {UOIIdRJUI paisuel} A||enxas ‘| |S auonioeld |elaudd 4o :suoneinaiqqy
‘siapinoid a1ed | S usamiaq unsal | J jo suoipodoid ayy Supedwod Joy a)gediidde Jou ale ejep sy ‘eiojeiay | “eale d1ydel303 Jadie) e pasudwod JIuld [1S Y] .

(v6L) 0'GY (T2) 888 (¢81) €88 (158) 5°'8¢ (6)€Le (bET)6'8F  po1Se1ION
(996) 875 (¥)0's (tg zot (828) €19 (L)zte (9eT) 967  ON
(F) o (G €9 a1 (@) cy (L1) 518 (¥)S1 SOA
100°0> 100°0> anysod AIH
(000 (c1) 05T (6€) 6'8T (000 000 (ce) L'1T pa1sa1 10N
(009°T) L06 (99) G'z8 (6ST)TLL (T66) 508 (97)8'8L (1€ €¥8  ON
(P91) €6 (Q)se (8)6°€ (ov7) s6T (L)zte (11 0¥ SOA
T00°0> T00°0> annisod jeyiuaSosn oN
(610 et (@5t @)+t GLT)TYT (T)oe (8)6¢ umouMun
(Te9) zse tsie (99) 0°ze (9L8)50¢ €1 r6e (88)TZE  YSIH
(9orr)ese (ro) 0'0€ (z9) T0E (Lve) T8 (TT) eee (88) T'ZE wnipap
8Ly)T'LC (ce)oov (€ vse (eee) T'LC (8)zve (06)8Ce MO
100°0> 100°0> (u) % ‘sas
(¥ee) ¥'81 (9g) 0S¥ (L6)T'1v (919 6'TF (87)8'%8 (i1)8e9  Ge=
(0r7'T) 918 (%) 0°GS (60T) 6'CS (GTL) 188 (G)zsT (com)zie  Ge>
T00°0> T00°0> (u) 9% ‘saeak ul a3y

"9T0Z-210¢ ‘Ajo1eiedss uswom pue usw Joj d1ul)d
|1S Jo uepisAyd jeydsoy 4auonoeid Jesauad ayy unisia suopeindod jusized aalsod-sipowoyon.y pipAwojy) [e3uS30.N Jo SoNsIIeoeleyd auleseq *T d)qeL

97



Chapter5

Urogenital Cq values of CT patients compared between STI care providers

In multivariable analyses, mean urogenital Cq values were similar in men diagnosed by GPs
(M=32.7, SD 3.2), hospital physicians (M=33.5, SD=3.5) and the STI clinic (M=32.7, SD=3.2)
(p=0.36) (Figure 2 and Table 2). Based on quartiles, the proportions of low urogenital Cq val-
ues were similar among men visiting GPs (26.3%), hospital physicians (24.2%) and the STI
clinic (24.2%) (Figure 2).

In multivariable analyses, urogenital Cq values were lower for women visiting the GP com-
pared to women visiting the ST clinic (M=30.2, SD=4.2 vs. M=30.9, SD=3.7, p<0.001). Urogen-
ital Cq values were higher for women visiting hospital physicians (M=32.4, SD=4.3, p<0.001)
compared to women visiting the STl clinic. Based on quartiles, the proportion of low urogen-
ital Cq values of CT positive women was higher for GPs (35.9%) compared to hospital physi-
cians (18.8%) and the STl clinic (23.2%) (Figure 2).
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Figure 2. Boxplots and bar diagrams showing the distribution of high- and low Cq values for the GP,
hospital and STl clinic population..

(1) Boxplots showing the distribution of urogenital Cq values between the GP, hospital physicians and
STl clinic population for men (A) and women (B). (2) Bar diagrams showing the frequencies of low (high
CT load), medium low, medium high and high (low CT load) urogenital Cq values based on quartiles per
STl provider for men (A) and women (B).
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Chapter5

Other determinants associated with urogenital Cq values

In multivariable analyses, age <25 years (compared to age = 25 years), no concurrent NG
(compared to concurrent NG), HIV negative and not being tested for HIV (compared to HIV
positive) were associated with lower Cq values in men (Table 2).

Furthermore, age <25 years (compared to age = 25 years) was associated with lower Cq
values in women (Table 2).

Clinical determinants in STl clinic patients

In multivariable analyses, having no concurrent NG (compared to NG positive), not being test-
ed for HIV (compared to HIV positive) and having urogenital symptoms (compared to having
no urogenital symptoms) were associated with lower urogenital Cq values in men (Table 3).

Furthermore, age <25 years (compared to age = 25 years), having no anorectal CT test and
having a concurrent anorectal CT infection (compared to no anorectal CT infection) were
associated with lower Cq values in women (Table 3).
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Chlamydia trachomatis bacterial load, estimated by Cq values, in urogenital samples from men and women visiting
the general practice, hospital or STl clinic

Discussion

To date, our study is the first to compare urogenital Cq values, as a potential indicator for CT
load, of men and women diagnosed by GPs, hospital physicians and the STl clinic. Among all
STl care providers, men visiting GPs, hospital physicians and the STl clinic had similar uro-
genital Cq values and likely similar urogenital CT loads. Women diagnosed by GPs had lower
Cq values than women visiting the STl clinic, which could be indicative for higher urogenital
CT loads. Whereas women visiting the hospital had higher urogenital Cq values than women
visiting the STl clinic; likely indicative for lower CT loads. Of all determinants studied, only a
few determinants were statistically associated with urogenital Cq values. However, one de-
terminant, assessed among STI clinic visitors, was notable as the adjusted mean difference
was much higher (> 3 Cq) compared to all other determinants.

Astrength of the current study is the large number of included samples from different STI
care providers. Furthermore, the additional analyses on clinical determinants in the STl clinic
population allowed us to increase our understanding of what type of patients have lower
urogenital Cq values and, therefore, likely higher urogenital CT loads. Furthermore, vaginal
Cq values and vaginal CT loads were highly correlated. Therefore, vaginal Cq values were a
valid indicator for vaginal CT loads.

A general limitation of CT load-based studies is that the variability of low and high CT
loads, and therefore high and low Cq values, in populations and individuals seems depen-
dent of different factors, including time of diagnosis since infection; this hampers interpreta-
tion. For example, our study group assessed the natural course of the CT load during infec-
tion between screening and treatment and observed a decrease in CT load in 17-41% of the
STl clinic patients dependent on sample type.? A limitation of the current study was that we
were unable to validate Cq values for (1) other populations than the STI clinic population
and (2) for urine samples of men. Therefore, it remains unclear whether Cq values of the GP-
and hospital population are a valid proxy for CT load in GP- and hospital populations and
whether Cq values are a valid indicator for CT loads in urine samples. Our outcome measure
‘urogenital Cq values’ provides an indication of CT load. However, estimating the number of
gene copy numbers per milliliter (often expressed as CT/milliliter) would have led to more
accurate estimates of CT load. The Cq values in the current study are not reproducible for all
NAAT used for CT detection. For example, if our study was repeated with a Siemens Versant
NAAT, different Cq values could be produced. However, the relative differences between the
Cqvalues of, for example, the GP, hospital and STl clinic population will be the same. Further-
more, we were unable to assess whether symptoms (urogenital symptoms, oropharyngeal
symptoms and proctitis) were a result of a CT infection. Therefore, the symptoms could be
caused by other STI’s such as herpes simplex virus, Mycoplasma genitalium or Trichomonas
vaginalis. However, as those STI's occur to a much lesser extent among STI clinic visitors in
the Netherlands the influence seems to be low.?” % Furthermore, as we used urogenital Cq
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values as a proxy for CT load caution is needed when comparing our results to studies that
used the actual CT load as an outcome measure.

The purpose of the current study was to provide insight in the CT load of populations
visiting different STI care providers. The clinical relevance of our main finding, suggesting
different CT loads between women visiting the GP, hospital and STl clinic, remains debatable
as the exact role of CT load remains unknown.!® Therefore, results of the current study will
not lead to clinical consequences. Earlier, our study group deemed a difference of 1 log load
(3.3 Cq) asclinically relevant to overcome potential technical variations when measuring the
CT load within the same patient over time.?® However, in the current study we averaged Cq
values over an entire population, i.e. GP, hospital and STI clinic population. Therefore, even a
smaller difference than 3.3 Cq could be clinically or microbiologically relevant. Still, the exact
cut-off value for a relevant difference in CT load between populations remains unknown.

One determinant showed an adjusted difference of 3.08 Cq, related to anorectal CT, which
was much higher than all other determinants. Dubbink and colleagues also observed a high-
er urogenital CT load among South-African women concurrently infected with anorectal CT.®
Itis likely that the majority of STI clinic women who were not anorectally tested also had an
anorectal infection since more than 70% of the STI clinic women with a urogenital infection
also have a concurrent anorectal infection.’*** Indeed, urogenital Cq values were comparable
for STI clinic women who had diagnosed concurrent urogenital and anorectal CT infections
and STI clinic women who were not anorectally tested. Those STI clinic women who were
only urogenitally CT positive and not anorectally tested were likely treated with azithromycin,
as azithromycin is the first choice treatment for urogenital CT in the Netherlands.®® Therefore,
possible undiagnosed concurrent anorectal CT infections could be not adequately treated,
as the efficacy of azithromycin, compared to doxycycline, may be lower for anorectal CT in-
fections.?*3! Likely women with concurrent urogenital and anorectal CT infections could have
higher transmission potential, yet this remains unclear. Recently, our study groups showed a
borderline significant association (P=0.054) between lower vaginal Cq values, i.e. likely higher
CT loads, and not reaching microbiological cure for vaginal CT in women treated with azithro-
mycin.*? Therefore, some women with concurrent vaginal and (untested) anorectal infections
in our study may not be microbiologically cured when treated with azithromycin as they tend
to have lower Cq values and therefore potentially higher CT loads.*? Notably, anorectal test-
ing was rarely performed by GPs and hospital physicians (Figure 1), as has also been shown
before. #2173 However, according to international guidelines, anorectal testing should at least
be performed in men and women reporting anorectal intercourse or symptoms.?*#* Still, it re-
mains unknown to which extent women visiting the GP report anal intercourse. However, it is
unlikely that this would be 0.2%, as a population based study showed that 10.5% of women
report to have anorectal intercourse in the past year.®*

Two explanations could possibly explain the lower Cq values of women visiting the GP
compared to women visiting the STl clinic. First, lower urogenital Cq values of women visiting
the GP could be related with symptoms, as symptoms could be associated with higher CT

104



Chlamydia trachomatis bacterial load, estimated by Cq values, in urogenital samples from men and women visiting
the general practice, hospital or STl clinic

loads.t? A study by van Bergen and colleagues showed that only 20% of the patients with STI
related symptoms visit the STI clinic, whereas the majority of symptomatic patients visit the
GP (63%).* Second, women visiting the STI clinic could have higher Cq values, and therefore
likely lower CT loads, due to frequent CT infections. It has been shown that the CT load is low-
er when having repeat CT infections.®*® Moreover, retesting rates are higher for the STl clinic
population compared to the GP population what could strengthen this explanation.*” The
higher Cq values of women visiting the hospital may be due to different sampling moments
during the infection.’**# Itis likely that women visit the hospital at a later stage of the infection
than women visiting the ST clinic, which could have impact on the Cq values, and therefore
likely CT loads, as CT loads tend to decrease over time.”®

Younger women (<25 years) had significantly lower urogenital Cq values, i.e. potentially
higher CT loads, than older (=25 years) women. Others report that partial immunity acquired
to past CT infection could possibly lead to lower CT load with increasing age.* The lower
urogenital Cq values of men without concurrent NG and men who were not tested for HIV
remains unexplained. Men with urogenital symptoms had lower Cq values, i.e. likely high-
er urogenital CT loads, than men without urogenital symptoms. Symptoms associated with
higher urogenital CT load in men have been observed in several studies.***** An explanation
for higher urogenital CT loads could be that higher CT loads induce a greater inflammatory
response.’

We excluded all urine samples of women (n=233). Almost all urine samples were taken by
the GP (94%). GPs should consider collecting self-sampled vaginal swabs of women, as the
sensitivity and specificity of vaginal swabs for detecting CT are much higher compared to
urine samples.?

Conclusions

The patient characteristics of male CT patients diagnosed by GPs, hospital physicians and
STl clinic differed by type of STl care provider. However, the urogenital Cq values of men were
similar, arguing similar CT loads and chances of transmission and sequelae. Women visiting
the GP had lower urogenital Cq values than women visiting the STI clinic, which could be
an indicator for higher urogenital CT loads. Whereas women visiting the hospital had higher
urogenital Cq values than women visiting the STl clinic, which could be an indicator for lower
urogenital CT loads. The impact, in terms of transmission and sequelae, of lower Cq values,
and likely higher CT loads, needs to be explored further. Notably, much lower urogenital Cq
values, and likely higher urogenital CT loads, were observed when STl clinic women also had
anorectal CT and in STl clinic women who were not anorectally tested but who are prone to
have an undiagnosed anorectal infection. Likely those STl clinic women with anorectal infec-
tions have higher chances of transmission and sequelae.
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Abstract

Background

The Chlamydia trachomatis (CT) bacterial load could have impact on transmission and se-
quelae. This is the first study to date providing a comparison of the CT bacterial load of all
three anatomic sites estimated by cycle quantification (Cq) values.

Methods

Laboratory data from 7,900 CT positive samples were included (2012-2018). The Cq value
was used as an inversely proportional measure for CT load. Multivariable linear regression
analyses were used to assess differences in mean Cq values per sample type.

Results

Vaginal swabs had the lowest Cq values (31.0) followed by urine samples (32.5), anorectal
swabs (34.0) and oropharyngeal swabs (36.8) (P<0.001). Men and women had similar oro-
pharyngeal (36.4vs.37.3;p=0.13) and anorectal (34.2vs.33.9;P=0.19) Cq values. Men (32.2) and
women (30.7) aged <25 years had lower urogenital Cq values than men (32.8) and women
(31.9) aged =25 years (P<0.001). HIV positive patients (33.8) had higher urogenital Cq values
than HIV negative patients (32.6) (P<0.03).

Conclusions

Men and women have a similar CT load at extragenital locations arguing for similar transmis-
sion potential and clinical relevance. Older patients and patients co-infected with HIV had
a lower CT load suggesting exposure to previous CT infections potentially leading to some
partial immunity reducing CT load.
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Introduction

Chlamydia trachomatis (CT) is the most reported bacterial sexually transmitted infection (STI)
worldwide.! CT is associated with reproductive sequelae in women, such as pelvic inflamma-
tory disease (PID), ectopic pregnancy, infertility, and chronic lower abdominal pain.?

The CT bacterial load (CT load), frequently expressed as the number of CT bacteria/ml,
could potentially affect transmission of the disease and sequelae.** Currently, it is not clear
what determines a high CT load in a patient. Although symptoms may be associated with a
higher CT load, studies to date show a weak association.**® According to a systematic review,
only a few nucleic acid amplification test (NAAT)-based studies on associations with CT load
have been conducted.?* "% Sample sizes of these studies were small, and most studies had
a small number of cases within categories of independent determinants.?® " The assess-
ment of determinants for a high CT load could be relevant. For example, viral STs like human
immunodeficiency virus (HIV) and herpes simplex virus have shown increased transmission
potential with higher viral load.? Likely the transmission potential of CT is also dependent on
CT load.?

Extragenital infections, mainly anorectal infections, are common among men who have
sex with men (MSM) and women.** Several studies have assessed the CT load of different an-
atomic locations and sample types.2>712* However, those studies used different methods to
quantify and report CT load making them less comparable. Therefore, standardization for CT
load measurements is needed.* In the current study, we compared the CT load of all relevant
urogenital and extragenital sites using the same methods.

Co-infections with Neisseria gonorrhoeae (NG) are prevalent among CT positive high risk
individuals such as MSM, young people (aged <25 years) and some ethnic groups and these
co-infections might influence CT load.**" According to a systematic review, only six studies
till date have assessed the association between co-infections and CT load.® One such study
observed a higher anorectal CT load among CT positive men co-infected with anorectal NG
compared to anorectal NG negative men.'® Whereas, another study suggested a lower uro-
genital CT load among women concurrently infected with CT and NG, however not statistical-
ly significant (p=0.06).1 Associations between CT load and co-infections with other STls like
HIV and syphilis were not observed and it is still unclear due to lack of research evidences.?
121820 Nevertheless, co-infection with other STls might have impact on acquiring and trans-
mitting CT.

To our knowledge, this is the first and largest study to date providing a comparison of the
CT load of all anatomic sites in both men and women estimated by cycle quantification (Cq)
values. Our objectives were to assess whether different sample types have a different CT load
and whether age and co-infection with NG, HIV, or syphilis were associated with it.
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Methods

Study population

Data of CT positive patients (aged =16 years) from January 2012 to June 2018 were used in
this cross-sectional study. Data derived from 7,224 consultations (with one or more CT pos-
itive samples available) originating from 6,170 CT positive patients (from a total of n=62,306
CT test consultations; 11.6% CT positive) were obtained from the laboratory registry of the
Medical Microbiology Laboratory of Maastricht University Medical Center (MUMC+). All sam-
ples were tested for CT with the same NAAT for both plasmid and chromosomal DNA (COBAS
4800, Roche Diagnostics, Basel, Switzerland), as per the manufacturer’s protocol.* We used
the NAAT-derived cycle quantification (Cq) value as a proxy for CT load. The Cq value reflects
the number of amplification cycles that occurred before a positive CT signal was detected.
Cq values show inverse relationships, that is a low Cq value indicated a high load, and vice
versa.??

Patients were tested on different anatomic locations (urogenital, anorectal and oropha-
ryngeal) according to testing guidelines and indications.® The study included data from all
CT positive samples for which the Cq value could be retrieved (99.2%; 7,900/7,965) (Figure 1).
For men, data from first void urine samples (further referred to as urine samples) and urethral
swabs were available. Mean Cq values from urine samples (n=2,601, mean=32.49, SD=3.18)
and urethral swabs (n=10, mean=33.47, SD=4.89) were similar (p=0.54). Urethral swabs of
men were excluded. For women, urogenital data were available from urine samples, vaginal
swabs, and cervical swabs. The mean Cq values from vaginal swabs (n=3,273, mean=31.00,
SD=3.72) and cervical swabs (n=147, mean=30.49, SD=3.94) were comparable in women
(p=0.11). Cervical swabs of women were excluded.

Cycle quantification validation for CT load

In order to ensure that the Cq value can indeed be used as a proxy for CT load in the different
sample types, we compared the Cq values obtained from the COBAS system with previous-
ly determined quantitative in-house PCR. 22126 Absolute CT load values (bacteria/ml) were
available from a subset of the clinical STI clinic population; 129 urine samples and 69 ano-
rectal swabs from men, and 403 vaginal swabs and 101 anorectal samples from women. In
brief, we quantified CT load by an in-house TagMan real-time PCR to quantify CT OmpA-gene
copies/ml.# Afull description of the CT load quantification has been described elsewhere 2!

For men, moderate correlations between Cq values of urine samples and urine CT load
(Pearson’s r:-0.61, n=129, p=<0.001), and high correlations between Cq values of anorectal
samples and anorectal CT load (Pearson’s r:-0.93, =69, p=<0.001) were observed. For wom-

114



Men and women have an equal oropharyngeal and anorectal Chlamydia trachomatis bacterial load: a comparison
of three anatomic sites

en, high correlations between Cq values of vaginal swabs and vaginal CT load (Pearson’s
r-0.88, n=403, p=<0.001), and high correlations between Cq values of anorectal swabs and
anorectal CT load (Pearson’s r:-0.96, n=101, p=<0.001) were observed. In addition, Cobas Cq
values are highly correlated (Pearson’s R?> 0.98) with known concentrations of CT (IFU/ml)
[personal communication, B. van der Veer, unpublished results]. Therefore, we argue that Cq
values are a valid proxy for CT load in urogenital and extragenital samples used in this study.

Laboratory data 2012-2018 containing CT
test consultations (N=62,306)

44.7% (n=27,849) men
55.3% (n=34,446) women
<0.1% (n=11) unknown

v
11.6% (7,224/62,306) CT positive
consultations

v v

Women: Men:

11.0% (3,750/34,204) urogenital positive
10.7% (738/6,889) anorectal positive
1.3% (57/4,527) oropharyngeal positive

9.6% (2,627/27,426) urogenital positive
7.0% (726/10,421) anorectal positive
0.6% (67/10,818) oropharyngeal positive

v v

| Cq values available for 99.0% (4,501/4,545) samples | | Cq values available for 99.4% (3,399/3,420) samples

3,3% 75.9% 6.6% 1.3% 16.2% 0.3% 76.5% 2.0% 21.2%
(147/4,501) (3,273/4,501) (290/4,501) (57/4,501) (734/4,501) (10/3,399) (2,601/3,399) (67/3,399) (721/3,399)

anorectal
swabs

urethral swabs urine samples oropharyngeal

swabs

anorectal
swabs

oropharyngeal
swabs

cervix uteri vaginal swabs urine samples

swabs
T T

. .

Figure 1. Flowchart, including urogenital and extragenital Chlamydia trachomatis samples of men
and women

Statistical analyses

In the main analyses, the association between “sample type” and the outcome measure “Cq
values”, as a proxy for CT load, was assessed using univariable and multivariable linear re-
gression analyses adjusting for sex, and age (<25 years, =25 years). Anorectal samples were
used as the reference group.

In the secondary analyses, association of sex (women, men), age (<25 years, 225 years),
urogenital NG co-infection, anorectal NG co-infection, oropharyngeal NG co-infection, HIV
co-infection, and a positive syphilis screening test (TPHA/TPPA) were assessed with the CT
load per sample type, i.e. vaginal swab, urine sample, oropharyngeal swab, and anorectal
swab.

In the linear regression analyses, determinants with p<0.05 in the univariable model were
included in the multivariable model. A p-value of <0.05 was considered statistically signifi-
cant. Mean values, standard deviations, (adjusted) mean differences, and 95% confidence in-
tervals (Cl) were calculated. Mean differences represented the size of the associations found.
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As Cq values represent values on a log scale, this is a less accessible and incomprehen-
sible measure. To make it more accessible a “factor CT load” that represented ‘the number
of times the CT load was higher between studied groups’, was calculated for the statistically
significant determinants using the formula: 27 (adjusted mean difference of Cq values). For
example, the adjusted mean difference of Cq values between vaginal swabs and anorectal
swabs was -2.87 Cq. Therefore, factor load was 22.87=7.3. Thus, vaginal swabs have a 7.3
times higher CT load compared to anorectal swabs.

All analyses were performed using SPSS Version 24 (IBM SPSS Statistics for Windows, IBM
Corporation, Armonk, New York, USA).

Medical Ethical clearance

The Medical Ethics Committee of the Maastricht University Medical Center (Maastricht, the
Netherlands) approved this study (METC 2017-0251) and waived the need for patient con-
sent. Since the retrospective data originated from regular care and were analyzed anony-
mously, no further informed consent for data analysis was obtained.

Results

CT load per sample type, estimated by cycle quantification values

In multivariable analyses, vaginal swabs (-2.87 Cq) and urine samples (-1.33 Cq) had lower Cq
values than anorectal swabs, which represented 7.3 and 2.5 times higher CT load, respective-
ly. Oropharyngeal Cq values were higher (2.73 Cq) compared to anorectal swabs, indicating a
6.6 times lower CT load (Table 1).

The range of Cq values per sample type were comparable for men and women (Figure 2A).
Men and women had similar urine (p=0.15), anorectal (p=0.19), and oropharyngeal (p=0.13)
Cq values indicative of similar CT loads (Figure 2B). The mean Cq values from vaginal swabs
(n=3,273, mean=31.00, SD=3.7) and urine samples (n=290, mean=32.82, SD=3.7) in women
were significantly different (p=<0.001).
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Table 1. Main analyses including different sample types and associations with sex and age for
Chlamydia trachomatis cycle quantification values as a proxy for CT load.

Cq values
Mean Cq
value Mean difference Adj. Mean Factor
% (n) (SD) (95% Cl) difference (95% CI) CT load
Overall 100 (7,743)
Sample type

Vaginal swab® 42.3(3,273) 31.0(3.7) -3.02(-3.24t0-2.80) -2.87 (-3.13t0-2.62)* 7.3
Urinesample 37.3(2,891) 32.5(3.2) -1.50(-1.74t0-1.28) -1.33(-1.58t0-1.08)c 25
Oropharyngeal 1.6(124) 36.8(3.1) 2.79(2.14to0 3.44) 2.73 (2.08 to 3.38) 6.6

swab
Anorectal swab  18.8(1,455) 34.0(3.8) Ref Ref
Sex¢
Women 562 (4,354) 31.6(4.0) -1.24(-1.40to-1.07) 0.21 (-2.0.06 to 0.49)
Men 43.8(3,389) 32.9(3.4) Ref Ref
Age®

<25years 60.3 (4,666) 31.7(3.7) -1.38(-1.55to-1.21) -0.76 (-0.93t0-0.59) 1.7
=25years  39.7 (3,077) 33.1(3.7) Ref Ref

20nly measured among women

®When using oropharyngeal samples as the reference group the adjusted mean difference for vaginal swabs was
-5.60 (95% Cl: -6.26 to -4.95), factor CT load: 48.5.

¢When using oropharyngeal samples as the reference group the adjusted mean difference for urine was -4.06 (95 %
Cl:-4.70 to -3. 41), factor CT load: 16.7.

4Including all sample types, that is vaginal swabs, urine samples, oropharyngeal swabs and anorectal swabs.
¢Including all sample types, that is vaginal swabs, urine samples, oropharyngeal swabs and anorectal swabs.
Statistically significant associations (p<0.05) are depicted in bold.

Abbreviations: Cq, cycle quantification; Adj., adjusted; Cl, confidence interval; CT, Chlamydia trachomatis; Ref,
reference.

Determinants associated with CT load stratified per sample type

In multivariable analyses, women aged <25 years had lower vaginal Cq values (-0.69 Cq) com-
pared to women aged =25 years, resulting in a 1.6 times higher CT load in the former (Table 2).
HIV positive women had highervaginal Cqvalues (6.86 Cq) compared to HIV negative women,
which represented an 116.2 times lower CT load.

We additionally assessed whether or not the three HIV infected women were repeatedly
infected with CT. All were not repeatedly infected with CT. However, since the analyses includ-
ed only three HIV infected women this result was unreliable.

In multivariable analyses, patients aged <25 years had lower urine Cq values (-0.52 Cq)
compared to patients aged 225 years, indicating a 1.4 times higher CT load (Table 2). Patients
co-infected with urogenital NG had higher urine Cq values (0.96 Cq) compared to urogenital
NG negative patients, representing a 1.9 times lower CT load. HIV positive patients had higher
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urine Cq values (0.95 Cq) compared to HIV negative patients, which represented a 1.9 times
lower CT load.

We additionally assessed whether urogenital NG- and HIV co-infected patients with urine
samples had repeat CT infections (=2) or reported to have an earlier STI (only among STl clin-
ic patients). HIV co-infected patients more often had repeat CT infections compared to HIV
negative men (24.4% vs. 6.4%; p<0.001). Patients co-infected with HIV reported to have had
an earlier STI more often compared to HIV negative men (35.7% vs. 16.0%; p<0.001). Patients
co-infected with NG had similar repeat CT infections compared to urogenital NG negative pa-
tients (11.2% vs. 9.1%; p=0.69). Patients co-infected with NG frequently reported to have had
an earlier STI compared to NG negative patients (31.7% vs. 19.5%; p=0.07).

No determinants were associated with oropharyngeal and anorectal CT load in multivari-
able analyses (see Supplementary Table 1).
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Figure 2. Boxplots and error bars showing the distribution of Cq values per sample type for men and
women.

(A) Boxplots showing the distribution of Cq values, as a proxy for CT load, per sample type for men
(in grey) and women (in white). Outliers are indicated by circles. (B) Error bars showing mean Cq
values and 95% confidence intervals, as a proxy for CT load, per sample type for men (dotted line) and
women (solid line). Univariable regression analyses were performed to test unadjusted mean Cq value
differences between men and women. Men and women had similar urine (mean=32.4, SD=3.2 versus
mean=32.8, SD=3.7, P=0.15), oropharyngeal (mean=36.4, SD=3.4 versus mean=37.3, SD=2.7, P=0.13) and
anorectal (mean=34.2, SD=3.6 versus mean=33.9, SD=3.9, P=0.19) Cq values.

Discussion

This is the first and largest study to date providing a comparison of CT load, estimated by Cq
values, in urogenital and extragenital locations of men and women. The mean CT load dif-
fered significantly per sample type and subsequently per anatomic location. Notably, no dif-
ference (p>0.05) in CT load was observed for men and women on extragenital locations argu-
ing for similar transmission potential, clinical relevance and NAAT detection limits. Moreover,
vaginal swabs had a higher CT load compared to urine samples confirming the preference for
vaginal swabs above urine samples in women. A higher urogenital CT load was observed in
younger patients, whereas a lower urogenital CT load was found in patients co-infected with
HIV and NG.

The strength of the current study is the comparison of CT load of different sample types of
both men and women in one large study using the same diagnostic test (NAAT) allowing for
the best comparison possible. CT load can be quite variable in different patients depending
on different factors, including time of diagnosis since acquiring the infection. However, our
study group showed that the majority of patients had a stable CT load in the time interval
between diagnosis and treatment (66.3%, 73.1% and 48.6% for vaginal swabs, urine sam-
ples and anorectal swabs respectively.? The CT load for each sample type might also vary
as patients could apply the sampling instructions differently. Nevertheless, mean CT load
on population level was quite stable as seen in our results of anorectal and oropharyngeal
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samples across both sexes.® In earlier work we already discussed the limitations of compar-
ing different sampling methods (i.e. urine versus swabs) and different sampling locations
(vaginal swab versus anorectal or oropharyngeal swabs). For example, different sites have
different epithelial cells, which might influence the CT load. Some previous studies included
the number of cells into the CT load count but as anatomical samples sites differ in number
of cellsin the samples, we argue that this hampers good comparison.* The Cq values of urine
samples of men were moderately, but significantly, correlated with urine CT load (expressed
as copies/ml). Therefore, the results of urine Cq values could be a less stable indication for
CT load. This is an expected finding as we know concentration in urine can differ inter- and
intra-individually and with time since infected cells from the male urethra may get washed
out by first void urine. Another reason could be that the CT major outer membrane protein
(MOMP) break down faster in urine samples than in vaginal swabs leading to higher Cq val-
ues in the in-house gPCR (Tagman) compared to lower Cq values in the NAAT (Cobas 4800).
Furthermore, we were unable to assess whether the amplified DNA was from viable CT or
non-viable CT. Earlier our study group developed a new viability technique (viability-pcr) to
discriminate between viable and non-viable CT and showed that a substantial amount of CT
DNA originated from non-viable cells.?” The non-viable CT DNA would have no impact on CT
transmission and sequelae.

There is an ongoing discussion about what difference in CT load is clinically or microbio-
logically relevant. Earlier, our group used a difference of 1 log load (3.3 Cq) as microbiology
relevant to overcome potential technical variations when measuring the CT load within the
same patient over time. However, in the current study, we averaged the Cq values over an
entire group (for example: men, women, or patients aged <25 year). Therefore, potential tech-
nical differences between individuals are flattened out, and have little impact on the results
since these variations are randomly distributed over all samples tested within this partic-
ular group.?® The precise clinical or microbiological relevance of the differences in CT load
between groups remains unknown. However, the fact that men and women had a similar
extragenital CT load indicate similar clinical relevance.

Nevertheless, of all sample types included, vaginal swabs had the highest CT load, which
could relate to the highestimpact on transmission. Recently, our group showed a borderline
significant association (P=0.054) between a higher urogenital CT load and frequent microbio-
logical CT detection in women after treatment with azithromycin compared to vaginal swabs
with a low CT load.”® Our current study confirmed the high urogenital CT load, which might be
clinically relevant when it hampers the treatment of a CT infection with azithromycin.

Our research team and others have shown that the majority of women (summary estimate
of 68.1%) diagnosed with urogenital CT also have a concurrent anorectal CT infection irre-
spective of reported anal sex or anal symptoms.?=° The clinical relevance (risk of complica-
tions) and public health implications (transmission potential) associated with anorectal CT
detection in women are, however, under debate.®* Anorectal infections in women could re-
sult from autoinoculation due to the close proximity between the vagina and anorectum.*=
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In a study conducted by our researchers, a sample (n=105) of concurrently infected STl clinic
women showed that in the majority of cases (in 79% and 56% of women reporting anorec-
tal intercourse and no anorectal intercourse, respectively), the anorectal CT load was in the
same range as the urogenital CT load, suggesting similar clinical relevance.* Moreover, in the
current study, we confirmed this finding and also showed that the anorectal CT load in men
equals that of women. We saw as many low as high anorectal loads in both men and women
as suggested in an earlier smaller study based on CT gPCR.”? While diagnosis and treatment
for anorectal CT in MSM is possible, diagnosis and treatment of anorectal CT in women is
still under debate. This is in contrast with the fact that a similar load should suggest a simi-
lar clinical relevance. Relevance in women might be even more substantial as they bear the
burden of reproductive morbidity caused by CT infections.? Moreover, women concurrently
infected with urogenital and anorectal CT have a 8.5 times higher urogenital CT load com-
pared to anorectal negative women.® Therefore, women concurrently infected with urogeni-
tal and anorectal CT might have higher chances of sequelae such as reproductive morbidity.
Although, anorectal CT infections in women might be coincidently treated with a urogenital
infections due to the high concurrency, a recent study from our research group suggested
that frequently used azithromycin may be less effective than doxycycline in clearing anorec-
tal CT infections in women.?® Nevertheless, the question remains whether and how substan-
tial auto-inoculation or other mechanisms for transmission from the female anorectal site to
the female urogenital site occur and vice versa.

Studies have shown a lower CT load among older patients and patients with repeat CT
infections potentially due to development of partial immunity against CT.8°* Especially
in HIV infected men (high risk group) who were repeatedly infected with CT, development of
partial immunity against CT might explain a lower CT load.

In conclusion, the mean CT load estimated by Cq values differed per sample type and
subsequently per anatomic location. Vaginal swabs had the highest CT load, whereas oro-
pharyngeal swabs had the lowest CT load. Notably, men and women had a similar CT load on
extragenital locations arguing similar transmission potential and clinical relevance. A lower
CT load was associated with older age (>25) and co-infections with NG and HIV, which was
suggestive of exposure to previous CT and potential development of some kind of partial
immunity reducing CT load.
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Chapter 7

Abstract

We assessed whether patients repeatedly infected with Chlamydia trachomatis (CT) have a
lower urogenital or anorectal CT load. A CT positive retest was independently associated with
higher vaginal- and higher urine Cg-values (p<0.001). Partial immunity could play a role in
repeat urogenital infections, potentially not in anorectal infections.
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Introduction

Repeat Chlamydia trachomatis (CT) infections remain a challenge in CT control. Repeat CT in-
fections can be caused by reinfections from an untreated sexual partner, new infection from
the regular or new partner or from a persistent infection due to treatment failure. Repeat CT
infections are common; up to 32% of patients with CT infection test positive again within 1
yearof diagnosis (1, 2). Repeat infections increase the risk of developing serious reproductive
sequelae (3). Therefore, retesting CT-positive patients within 3 to 12 months after initial test
is an effective control strategy and can be used to enhance the population-based prevention
of CT (4). Although retesting is advised in international guidelines, retesting rates remain typ-
ically low (15-40%) (4).

A high CT bacterial load (hereafter, CT load), frequently expressed as the number of CT
bacteria/mL, could potentially affect transmission and occurrence of sequelae (5). Some
studies suggest that repeat CT infections are associated with a lower CT load potentially due
to partial immunity against CT (6, 7). Nevertheless, these studies on CT load and repeat in-
fections had some limitations like including only small numbers of patients, presenting only
univariable analyses, or only assessing the urogenital site of women (6, 7). Furthermore, data
on repeat anorectal infections are lacking although these infections are common among
both men and women who have sex with men (MSM) (8). Therefore, we studied CT load in a
relatively large number of both repeat positive urogenital and anorectal samples from men
and women.

Material and methods

Study population

Data from 6,170 CT positive patients (aged =16 years) with 7,224 CT positive consultations
from January 2012 to June 2018 were used to derive our study population of repeat positives
in both men and women from urogenital and anorectal samples. This data originated from
the laboratory registry of the Medical Microbiology Laboratory of Maastricht University Medi-
cal Center (MUMCH) from a total of 62,306 CT tests with a CT positivity of 11.6% (9).

All samples were tested for CT with the same NAAT for both plasmid and chromosomal
DNA (COBAS 4800, Roche Diagnostics, Basel, Switzerland), as per the manufacturer’s proto-
col (10). We used the NAAT-derived Cq value as a proxy for CT load (9).

Forwomen, CT positive vaginal swabs and CT positive anorectal swabs were included. For
men, CT positive first void urine samples and CT positive anorectal swabs were included. The
first positive CT test of a patient was defined as the “initial positive test”. Only patients with
at least one CT positive retest were included in the study population. Samples which tested
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positive for CT within 30 days of a previous positive CT sample were excluded to rule out pos-
itivity due to possible false-positive results of non-viable recurrent CT (n=230 vaginal swabs,
n=76 urine samples, and n=66 anorectal swabs). All positive samples taken later than 30 days
after the initial positive test were considered as a “positive retest” in the entire study period.

In total, n=429 patients with at least one urogenital or anorectal CT positive retest were
included. Of this sample, 51.5% were men, the mean age was 28 years, and the vast majority
had a western ethnicity (77.2%). Furthermore, 88.1% were diagnosed at the STl clinic, 9.3%
by the general practitioner, and 2.6% by hospital medical specialists. Of the patients diag-
nosed at the STI clinic, 26.4% were heterosexual men, 26.6% were men who have sex with
men (MSM), and 47.0% were women.

Of the 137 men with at least one positive urogenital CT retest, 127 had one positive urine
retest, and 10 had two positive retests (total: n=147). Of the 84 men with at least one positive
anorectal CT retest, 63 had one positive retest, 16 had two positive retests, and 5 had three
positive retests (total: n=110).

Of the 187 women with at least one positive vaginal CT retest, 170 had one positive retest,
16 women had two positive retests, and 1 woman had three positive retests (total: n=205). Of
the 21 women with at least one positive anorectal CT retest, 19 had one positive retest, 1 had
two positive retests, and 1 woman had three positive retests (total: n=24).

Cycle quantification validation for CT load

We compared the Cq values obtained from the diagnostic NAAT with previously determined
quantitative in-house PCR, to ensure that the Cq value can indeed be used as a proxy for
CT load in the different sample types (10-12). In brief, we quantified CT load by an in-house
TagMan real-time PCR to quantify CT OmpA-gene copies/ml (10). A full description of the CT
load quantification has been described elsewhere (10). In an earlier publication we described
the correlations between Cq values and CT load per sample type in detail (9). Overall, high
correlations were observed (Pearson’s r: >0.88), except for urine samples (Pearson’s r: 0.61) (9).

Statistical analyses

The main determinant tested was “positive retest” (binary), in which the initial positive test
was used as the reference group and any subsequent positive CT test as the group of interest
per sample type. In the main analyses, the association between “positive retest” and the out-
come measure “Cqvalues”, as a proxy for CT load, was assessed using generalized linear mod-
els for repeated measures per sample type (vaginal swab, urine sample and anorectal swab).
The analyses dataset was aggregated on a consultation level. Every subsequent CT positive
consultation of the same individual, later than at least 30 days of a previous consultation, was
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counted as a “positive retest” when the same sample type as at the initial consultation was
taken. We adjusted for gender, age (continuous), year of consultation (continuous), number
of days between subsequent CT infection (continuous), concurrent anorectal CT, concurrent
oropharyngeal CT, co-infection with urogenital NG, coinfection with anorectal NG, coinfection
with oropharyngeal NG and co-infection with HIV. Only multivariable results are presented.
A p-value of <0.05 was considered statistically significant. Mean values, standard deviations,
(adjusted) mean differences, and 95% confidence intervals (Cl) were calculated.

All analyses were performed using SPSS Version 24 (IBM SPSS Statistics for Windows, IBM
Corporation, Armonk, New York, USA).

Medical ethical clearance

The Medical Ethics Committee of the Maastricht University Medical Center (Maastricht, the
Netherlands) approved this study (METC 2017-0251) and waived the need for individual writ-
ten patient consent. Since the retrospective data originated from regular care and were ana-
lyzed anonymously, no further informed consent for data analysis was obtained.

Results

Men

In multivariable analyses, a positive urine retest (n=147) was associated with higher Cq val-
ues (mean difference 1.08 Cqg; 95% Cl 0.27 to 1.90; p=0.009) compared to the initial positive
urine test (n=137) (Figure 1). In a sensitivity analyses, by including only the first positive urine
retest, results were similar (mean difference 1.00 Cg; 95% Cl 0.17 to 1.82; p=0.02)

In multivariable analyses, a positive anorectal retest (n=110) was not associated with Cq
values (mean difference 0.10 Cq; 95% CI -1.15 to 1.35; p=0.88) (Figure 1). In a sensitivity anal-
yses, by including only the first positive anorectal retest, results were similar and not statis-
tically significant.

Women
In multivariable analyses, a CT positive vaginal retest (n=205) was associated with higher vag-

inal Cq values compared to the initial positive vaginal test (n=187) (mean difference 1.51 Cq;
95% Cl 0.58 to 2.44; p=0.002) (Figure 1). In a sensitivity analyses, by including only the first
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positive vaginal retest, results were similar (mean difference 1.36 Cq; 95% Cl 0.42 to 2.30;

p=0.004)

In multivariable analyses, a CT positive anorectal retest (n=24) was not associated with
Cq values in women (mean difference 1.00 Cqg; 95% ClI -1.87 to 3.87; p=0.49) (Figure 1). In a
sensitivity analyses, by including only the first positive anorectal retest, results were similar
and not statistically significant.
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Figure 1. Errors bars with 95% confidence intervals showing the Chlamydia trachomatis bacterial
load, estimated by Cq values, of the initial positive test and > 1 repeat infections of the urogenital and
anorectal site of men and women.
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Discussion

This is the largest study to date assessing the CT bacterial load, estimated by Cq values, of
repeat CT infections per sample type adjusted for potential confounders. Men and women
repeatedly infected with CT have higher urogenital Cq values and likely a lower CT load. How-
ever, this was not true for anorectal samples as no difference was observed in Cq values in
anorectal samples of both men and women.

A strength of our study is the relatively large number of repeat infections analyzed strati-
fied per sample type. Our multivariable analyses confirm the univariable findings of smaller
studies indicating that women repeatedly infected with CT have a lower urogenital CT load
(6,7). To our knowledge, this is the first study showing that also men repeatedly infected with
CT have a lower urogenital CT load.

A limitation was that the Cq values of urine samples of men were moderately correlated
with the CT load of urine samples of men (Pearson’s r: 0.61). Therefore, the results of urine Cq
values could be a less stable indication of CT load. This is an expected finding as we know
concentration in urine can differ inter- and intra- individually and with time because infected
cells from the male urethra may get washed out by first void urine.

We showed that men and women repeatedly infected with CT have a lower urogenital CT
load, which was also observed in earlier studies, but only among women(6, 7). Both studies
suggest that partial immunity against CT could play a role. However, further research is need-
ed including longitudinal data, immunological markers, and duration of the CT infection for
more evidence. Furthermore, patients with a lower CT load could have a lower impact on
transmission of CT. Likely patients with initial CT infections may have a higher impact on
ongoing transmission than patients repeatedly infected with CT. This could highlight the im-
portance of targeting control measures, such as retesting, to those patients with an initial CT
infection.

Repeat anorectal CT infections of women were not associated with a lower CT load, which
could be a result of the relatively low number of anorectal repeat infections diagnosed
among women (n=24). Among men, however, a substantial number of repeat anorectal in-
fections were diagnosed (n=110) and there was also no association between CT load and
repeat infection. If the number of repeat anorectal CT infections in women were larger, we
expect a similar anorectal load of repeat infections as men, since men and women have an
equal extragenital load (9). Nevertheless, as anorectal infections are common among MSM
and women, testing, and retesting the anorectal site remains important to enhance CT con-
trol. Potentially the partial immunity theory does not hold for anorectal infections, which
could be related to treatment (azithromycin vs. doxycycline). As the treatment effectiveness
of doxycycline is higher than azithromycin in uncomplicated anorectal infections (13), it
could potentially affect the immune response of the body. However, this is only speculative
and further research is needed to assess this pattern.
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An earlier study assessed the CT load of repeat infections among African American women

and showed a lower urogenital CT load when repeatedly infected with CT (5.6 CT/ml vs. 4.5
CT/ml; P =0.015) (6). The authors suggest that the generalizability of the results could be a
problem for other populations. However, our results among mainly western individuals are
comparable to this particular study.
In conclusion, men and women repeatedly infected with CT have a lower urogenital bacterial
load potentially due to partial immunity against CT. However, repeat anorectal infections of
men and women were not associated with a lower CT load indicating repeat anorectal in-
fections have a similar impact on transmission and sequalae as initial anorectal infections.
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Abstract

Background

Standard epidemiological methods, such as regression models, are often used to identify
high risk Chlamydia trachomatis (CT) and Neisseria gonorrhoeae (NG) geographical areas.
Geographical cluster analyses can also be used for this purpose. Here, we compared the two
approaches to assess the added value of geographical cluster analyses to inform regional STI
clinic policy and to optimize control programs.

Methods

Coded national patient registry data from all 8 STl clinic regions in the Netherlands were ana-
lyzed. Data from all CT and NG test consultations of patients aged 15 up to 64 years between
2013 and 2015 were included (n=379,926). Two outcome measures were defined: the CT and
NG detection rate. We performed two methods: (1) a multivariable Poisson regression analy-
sis including geographical determinants and (2) a geographical cluster analysis using SaTS-
can including the 4-digit postal code of the patient. Additional number needed to test (NNT)
to “capture” one CT or NG positive case was calculated for both methods per STl clinic region.

Results

The CT and NG detection rate varied per STI clinic region. Urban areas were associated
with higher CT detection rates (OR:3.16;95%Cl:3.09-3.23;P<0.001) and NG detection rates
(OR:3.02;95%Cl:2.89-3.16;P<0.001). The geographical cluster analyses visualized clusters of
high CT and NG detection rates in urban areas. In one region the geographical cluster analy-
ses visualized no NG clusters, whereas n=489 NG cases were diagnosed. The NNT for CT and
NG was lower for the geographical cluster analyses (range: 57-369) than the epidemiological
analyses per STl clinic region (range: 93-2,104).

Conclusion

The added value of geographical cluster analyses lies in the detection and visualization of
localized high-risk CT and NG areas and could be useful to efficiently target local STI con-
trol-outreach activities. A combination of both approaches is imperative in providing geo-
graphical insight in CT and NG testing and positivity.
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Introduction

Chlamydia trachomatis (CT) and Neisseria gonorrhoeae (NG) are the most diagnosed bacte-
rial sexual transmitted infections (STls), which both can be associated with complications in
women such as pelvic inflammatory disease, infertility, and ectopic pregnancy.! Centers for
sexual health (CSH) serve key populations at high risk for CT and NG like young people aged
below 25 years, men who have sex with men (MSM), and other groups with high risk for STls.2
Despite control measures such as promoting safe sex as primary prevention, and active STI
testing and treatment in risk groups, retesting and partner-management as secondary pre-
vention, CT and NG positivity rates continue to rise.?

Individuals at risk for CT and NG share demographic and socioeconomic characteristics
associated with CT and NG, and therefore may cluster geographically.*® The identification
of these high-risk areas could inform local STl clinic policies to optimize local STI control by
targeted interventions, such as outreach activities.®”

Standard epidemiological methods, such as regression models, analyzing STl surveillance
data could be used toidentify high risk CT and NG areas.**!? Standard epidemiological analy-
sesinclude pre-defined geographical variables, such as states, counties and municipalities in
large study areas to identify high risk areas.?'°** Recently, more-refined specialized geograph-
ical analyses and its use in public health have received increasing attention.® In particular,
geographical cluster detection software, such as SaTScan, is freely available and can be used
to identify local STl clusters.***¢ Due to its ability to visualize high-risk STl areas, the results of
SaTScan can serve as a basis for the prioritization of future interventions like enhanced test-
ing and treatment.!” However, the application of this software requires knowledge of spatial
epidemiological methods and Geographic Information Systems (GIS).

The question arises whether geographical cluster analyses have an added value to stan-
dard epidemiological analyses for public health STI control purposes. Both methods by their
own capacity apply geographical information to inform local testing policies and outreach
interventions. To date, no studies have compared an epidemiological approach with a geo-
graphical approach for the detection of high-risk CT and NG areas. Here, we assessed the
added value of geographical cluster analyses compared to a standard epidemiological ap-
proach using our large scale national STl clinic database.

Methods

Study population

In this cross-sectional study, coded and anonymized CT and NG surveillance data from all
8 STl clinic regions in the Netherlands were obtained from the National Institute for Public
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Health and the Environment (RIVM). The geographical location of the 8 STI clinic regions can
be found in earlier publications.®** Data from all CT and NG test consultations of patients
aged 15-64 years with a known 4-digit postal code between 2013 and 2015 were included
(n=379,926) (Supplementary figure 1). Data were aggregated per 4-digit postal code to be
able to compare the epidemiological analyses with the geographical cluster analyses.

Main outcome measures

We assessed two main outcome measures: (1) “CT detection rate” and (2) “NG detection rate”,
which are expressed as the proportion of CT or NG positive consultations per inhabitants
aged 15-64 years per 4-digit postal code, respectively.

Statistical analyses
Epidemiological analyses

To assess geographical differences in CT- and NG detection rates per STl clinic region we per-
formed multivariable Poisson regression analyses. For the Poisson regression analyses, we
retrieved the number of 15-64 years old inhabitants per 4-digit postal code for the year 2014
from Statistics Netherlands (http://www.cbs.nl). The natural logarithm of the number of 15-
64 years old inhabitants per 4-digit postal code was set as the offset variable.

The variables indicative for geographical areas assessed were: coded STl clinic region (“A”
to “H”), urbanization and socioeconomic status. Urbanization was based on the definition of
Statistics Netherlands (www.statline.nl); (very) highly urbanized (=1,500 (> 2500) addresses
per squared kilometre) areas were categorized as “urban”. Moderately, low urbanized areas (
>1,000-<1,500 and =500 - <1000 addresses per squared kilometre) and rural (<500 addresses
persquared kilometre) areas were categorized as “non-urban”. The SES score (SES; unknown,
low, middle, high) was based on income, education level and employment extracted from
the Netherlands Institute for Social Research per 4-digit postal code area (http://www.scp.nl).

The variable “STI clinic region” was included in the multivariable models, as this variable
was of our main interest. Region “H” was used as the reference category, since the detection
rate of region “H” was most close to the overall detection rate of the Netherlands. This en-
ables comparison with the geographical analyses, since the denominator of the geograph-
ical analyses is the overall detection rate of the Netherlands. Factors with p<0.10 in the uni-
variable Poisson regression analyses were included in the multivariable model. Relative risks
(RR) and 95% confidence intervals (95% Cl) were calculated for the univariable and multivari-
able Poisson regression models. Only the multivariable results are presented.
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Analyses were performed using SPSS V21 (IBM SPSS Statistics for Windows, IBM Corpora-
tion, Armonk, New York, USA). A p value of <0.05 was considered statistically significant.

Geographical cluster analyses

We calculated the CT and NG detection rate with the relative risk (RR) per 4-digit postal code
area. The RR estimates provide information how common CT and NG infections in a specific
area are as compared to the global baseline (total number of infections divided by total num-
ber of inhabitants). The resulting raw CT and NG detection rates are unstable, as the number
of inhabitants varies within the included 4-digit postal codes in the Netherlands. Therefore,
we applied the conditional autoregressive Besag-York-Mollié (BYM) model without covariates
to generate more stable CT and NG detection rates.”” The BYM model is a Poisson model
where the number of observed cases is the dependent variable and the number of expected
cases is the offset variable. The structured effect was assigned as the neighborhood structure
of the municipalities, defined in this study as 4-digit postal codes sharing a common edge
or border.? The model was fitted using the integrated nested Laplace approximation (INLA),
which is a computationally more practical alternative to Markov-Chain-Monte-Carlo simula-
tions.” The BYM model was fitted using the R package “R-INLA (www.r-inla.org)”. The results
were then imported in ESRI ArcGIS 10.2 for enhanced visualization.

The spatial scan statistic is a local cluster test, which identifies the location and the statisti-
cal significance of local clusters.?? We applied a Poisson purely spatial model where the number
of CT and NG cases follow an inhomogeneous Poisson process.*® The input data for this model
consisted of (1) the number of CT or NG positives per 4-digit postal code, (2) the number of the
persons aged between 15 and 64 per 4-digit postal code, and (3) the centroids coordinates of
each 4-digit postal code area. The statistical scan statisticimposes a circular scanning window,
which is flexibly in size and position and gradually moves over all coordinates, evaluating all
potential cluster locations and sizes up to either a user-defined maximum percentage of the
population at risk or the default value of up to 50% of the population at risk.t* We set the maxi-
mum population at risk to not exceed 5% of the population. Previous research based on postal
code level in the Netherlands found that a maximum cluster size of 5% delivered practically
useful results.'” The computation was carried out using SaTScan software version 9.4.1 (www.
satscan.org) and were then imported in ESRI ArcGIS 10.2 for visualization.

Number needed to test analyses

To assess the potential added value of the geographical cluster analyses, we calculated the
number needed to test (NNT) for the epidemiological analyses and the geographical cluster
analyses. The NNT could provide valuable information for STI clinic policymakers for target-
ed testing strategies in certain geographical areas. The NNT was defined as the number of
inhabitants who needed to be tested to “capture” one CT or NG positive patient per STl clinic
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region. The NNT was calculated by 1/(detection rate) per STl clinic region for CT and NG sep-
arately.”

The NNT for the epidemiological analyses was calculated based on a two-step approach.
First, geographical areas (identified by urbanization degree and SES status) associated with
higher CT/NG detection rates were identified using the earlier described Poisson regression
analyses per STI clinic region. Second, additional CT and NG detection rates and NNT were
calculated by only including CT or NG cases, and inhabitants living in these high-risk geo-
graphical areas within the STl clinic regions as this would be the target for outreach activities.

For the geographical cluster analyses, the CT and NG detection rates and NNT was cal-
culated by only including cases and inhabitants living in the geographical clusters within
the STl clinic regions. This enables a comparison between the epidemiological analyses and
geographical cluster analyses as much as possible.

Ethics statement

Since the retrospective coded data originated from standard care and were analysed anon-
ymously, neither a full ethical review nor informed consent for data analyses was needed, as
confirmed and approved by the Medical Ethical Committee of Maastricht University (METC
2017-0251).

Results

Epidemiological analyses

CT detection rates, that is proportion of CT positive consultations per inhabitants aged 15-64
years per 4-digit postal code, varied between 0.26% and 0.84% in the STI clinic regions. NG
detection rates varied between 0.03% and 0.23% in the STl clinic regions. Urban- and low
SES areas had higher CT and NG detection rates in comparison with non-urban and high SES
areas in multivariable Poisson regression analyses (Table 1).
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Geographical cluster analyses

The geographical cluster analyses detected 26 CT clusters which are visualized in Figure 1.
Geographical clusters are 4-digit postal code areas with higher CT detection rates in compar-
ison with the overall detection rate in the remaining 4-digit postal codes in the Netherlands.

The analyses detected 18 NG clusters, and these are visualized in Figure 1. Both the CT and
NG clusters were located in urbanized areas with high population densities.

A) Chlamydia detection rate B) Gonorrhoea detection rate ) Population density
@ =441 per 100,000 @ 1%}

=116 per 100,000 =478 inhabitants per km?

Relative risk
_ _ I:I Cluster (p<0.05) :l Provinces
Q N N \SJIRON Q N L O
2 8% A% o7 P AP 4P P o0
N\ N S » ) L
PR R

= A A A

Figure 1. Results of the geographical cluster analyses for Chlamydia trachomatis and Neisseria
gonorrhoeae, 2013-2015.

Mapsincluding all provinces of the Netherlands. A) Visualization of the Chlamydia trachomatis detection
rate. B) Visualization of the Neisseria gonorrhoeae detection rate. C) Visualization of the population
density per squared kilometre. Statistically significant (P<0.05) geographical clusters are depicted in
red.
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Number needed to test

For the epidemiological NNT analyses, only patients living in urban or low SES areas were in-
cluded per STl clinic region since these determinants were associated with higher CT and NG
detection rates (Table 1). In general, the NNT for CT was higher for the epidemiological anal-
yses (range 93-238) compared to the geographical analyses (range 57-122). This implies that
more inhabitants are needed to be tested to capture one CT positive patient when applying
the epidemiological analyses. The proportion of inhabitants living within the geographical
clusters varied between 5.9%-51.2% per STl clinic region, whereas the proportion of captured
CT positives within these geographical clusters varied between 24.1-80.3% per STI clinic re-
gion (Table 2).

In seven out of eight STl clinic regions, the NNT for NG was higher for the epidemiological
analyses (range 319-2,104) compared to the geographical cluster analyses (range 170-369).
This means that more inhabitants are needed to be tested to capture one NG positive individ-
ual when using the epidemiological analyses. The proportion of inhabitants living within the
geographical clusters varied between 0.4-34.0%, whereas the proportion of captured NG pos-
itives varied between 7.2-77.8%. The geographical cluster analyses visualized no geograph-
ical NG clusters in STI clinic region “G”, whereas in total n=489 NG cases were diagnosed in
this region (Table 3).
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Discussion

In this study we analyzed large scale STl clinic surveillance data using two different meth-
ods, to assess the added value of geographical cluster analyses for public health STI control
purposes. The epidemiological analyses showed higher CT and NG detection rates in urban
areas and low SES areas. The geographical cluster analyses detected geographical CT and
NG clusters in urban areas. The NNT for CT and NG was lower for the geographical cluster
analyses compared to the epidemiological analyses in all STI clinic regions indicating the
efficiency of geographical cluster analyses. However, in one STl clinic region the geographical
cluster analyses did not visualize any NG cluster, whereas n=489 NG cases were diagnosed
in this region. Therefore, the combination of both methods is needed to obtain insight in a
whole country and to avoid missed cases.

We quantified the number of CT and NG positives captured with the geographical cluster
analyses, calculated the NNT, and assessed variations per STl clinic region. The cluster anal-
yses provide visual results of the analyses, which are attractive to read. However, the actual
added value of geographical cluster analyses for targeted STl testing seems dependent of the
size of the study area of interest and the purpose of the testing strategy. This means that in
some areas a substantial proportion of the inhabitants are needed to be tested to capture a
large proportion of CT positives, whereas in other areas a lower proportion of inhabitants are
needed to be tested to capture a large part of the CT positives. The number of captured CT
positives was always lower for the geographical cluster analyses compared to the epidemio-
logical analyses. Given the small resolution of the Dutch 4-digit postal codes (approximate-
ly four thousand), however, this is in part due to the computation of significance ranks for
each possible cluster using Monte-Carlo replications. This means that SaTScan would detect
those clusters ranked as significant by the Monte-Carlo replications when the analysis is run
for only a subset of the region, such as provinces, which would have been ranked as insignif-
icant when the analysis is performed for the whole of the Netherlands. To detect more cases,
the cluster analysis should be performed for subsets of the region (e.g. provinces). Despite
this limitation, the number of inhabitants living in the geographical clusters was much lower
than the inhabitants needed to be tested with the epidemiological analyses. Therefore, test-
ing based on geographical cluster analyses could be preferred cost wise, as cluster-based
testing requires a much smaller number of inhabitants to be tested to capture a positive
case. However, it would also fail to capture a substantial part of cases when run for a whole
country at such fine spatial resolution. Therefore, STl control professionals should decide on
the purpose of their testing strategies: (1) capture as much as possible CT/NG infections by
testing a large part of the population within an STI clinic region (epidemiological analyses),
or (2) capture approximately half of the CT/NG infections by only testing a small proportion
of the inhabitants of the STl clinic region mostly living in urban areas within the geographical
clusters (geographical cluster analyses).
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The geographical cluster analyses did not visualize any NG clusters in STI clinic region
“G” Itis possible that NG cases are more dispersed in this area or that a possible cluster was
not ranked as significant within the cluster analysis for the whole of the Netherlands. Thus,
defining policy only based on NNT and geographical cluster analyses alone without the epi-
demiological analyses could lead to missed cases in areas without geographical clustering of
cases or a repeated cluster analysis of a subset of the region.

A strength of the current study was the inclusion of all CT and NG tests performed by all
STl clinics in the Netherlands between 2013 and 2015. This is the first study comparing an
epidemiological approach to a geographical cluster approach to detect high risk CT and NG
areas in a whole country.

Nevertheless, the current study had several limitations. First, only STl clinic data was ana-
lyzed, while about half to two thirds of all CT and NG infections in the Netherlands are diag-
nosed by general practitioners (GP).2* Maps including GP data could lead to different clusters.
We assume that patients in non-urban areas visit the GP more often than STl clinics, as most
STI clinics are located in urban areas. Additional research is needed to assess this pattern.
Also, a previous Dutch study observed much higher CT prevalence rates in highly urbanized
areas compared to rural areas.” Second, we could not adjust for repeat testing of patients. As
STl clinics serve risk groups such as youngsters and MSM, it is likely that patients have repeat
visits within the three-year study period. Also, patients who test positive for CT and/or NG are
advised to retest within one year as repeat infections frequently occur.?® Therefore, the CT or
NG detection rate per 4-digit postal code could represent multiple positive tests by a single
individual leading to some overestimation. Furthermore, we included the 4-digit postal code
of the patients’ residence. However, this location was not necessarily where sexual activity
had taken place.* This could lead to further transmission of CT and NG in other locations
than the detected clusters.” The variable “STI clinic region” was based on the 4-digit postal
code of the patients’ region of residence. Therefore, we were unable to assess whether the
consultation was indeed held at the STl clinic in the STI clinic region where the patient lives.
However, we expect patients travel only a few kilometers to an STI clinic as suggested by a
study in Hongkong.?" A general disadvantage of geographical cluster analyses is that the use
of different sizes of geographical units, such as 4-digit postal codes or municipalities, could
lead to different clusters and therefore different results.’” This is also known as modifiable
areal unit problem (MAUP)." Known demographic risk factors for CT and NG, such as sex
and age, were not assessed in the current study. This was beyond our scope of interest as
we assessed the added value of cluster analyses including only geographical determinants.

In conclusion, geographical cluster analyses have added value in visualizing data, detect-
ing high risk CT and NG clusters, and when used as STl testing strategy for efficient testing
in high risk areas. This all could be useful for decision makers to guide STI clinic policy and
optimize CT and NG control efforts. However, interpretation of geographical cluster analyses
for a whole country is difficult as geographical clusters included the minority of CT and NG
infections, and insight in the total picture is imperative to make policy decisions. Additional
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geographical cluster analyses on a smaller scale (e.g. province level) would provide addi-
tional geographical information. Moreover, an epidemiological analysis is always needed
since geographical areas without geographical clusters might have more dispersed cases.
Altogether, both approaches provide different and valuable information. Therefore, a com-
bination of both approaches is necessary for providing geographical insight in CT and NG
testing and positivity.
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Chapter9

The studies in this thesis include epidemiological studies and geographical mapping to en-
hance and inform Chlamydia trachomatis (CT) and Neisseria gonorrhoeae (NG) control. The
studies provide new insights in test practices of general practitioners (GPs), who has repeat
CT and NG infections, the CT bacterial load at different anatomic sites, and the value of geo-
graphical mapping of CT and NG for control, in addition to conventional epidemiological
methods. The main findings of this thesis are discussed in this chapter. Also, recommenda-
tions for future research and CT and NG control policy are provided.

Test of cure, retesting and extragenital testing

GPs are key providers of sexually transmitted infections (STI) care in the Netherlands as they
perform a majority of tests and diagnose large part of CT and NG infections.*? In chapter 2
of this thesis we describe a study on the use of a test of cure (TOC) in general practice. ATOC
is a CT or NG diagnostic test after first diagnosis and treatment to see if the infection has
resolved. We showed that in the GP setting, the test of cure (TOC) rate of CT and NG patients
is high (CT: 20%, NG: 25%). This is especially high considering the fact that the recommen-
dation is not to perform a TOC after positive CT or NG test according to the Dutch national
GP guidelines, and only perform a TOC in specifically indicated cases, such as (1) patients
treated with an alternative regimen, (2) pregnant patients, (3) patients with persistent or re-
current symptoms or (4) patients re-exposed to an untreated partner.®> Notably, except for
pregnant treated patients (TOC after 4-6 weeks), no time frame for TOC is given. It is likely that
the majority of TOCs were not indicated in the GP guideline. Performing TOC might lead to
false-positive results due to non-viable CT or NG that still may be present in the first week af-
ter treatment.* Moreover, this might lead to overtreatment. The British Association for Sexual
Health and HIV (BASHH) and the European guideline on the diagnosis and treatment of NG
in adults recommend a TOC for all patients infected with NG 2 weeks after treatment due to
increasing multidrug resistance of NG.°® Whereas the CDC and the World Health Organization
(WHO) only advice a NG TOC in specifically indicated cases.”® Besides that, the exact timing of
a TOC for NG remains a matter of debate.* To date, no NG cases with antimicrobial resistance
to first line treatment ceftriaxone are diagnosed in the Netherlands yet.! Therefore, a routine
TOC for all NG cases is not needed.® However, focus should be on those specifically indicated
cases with remaining symptoms, patients treated with an alternative regimen, pregnant pa-
tients and those re-exposed to an untreated partner.

Another study topic in the study was the number of retests performed by GPs. Repeat test
or retest are done in CT or NG positive patients as studies have shown that positive tests are
frequently followed by reinfection of the same patient. For CT, reinfection rates are reported
up to 32% and for NG up to 40%.1°** Despite the fact that retesting CT and NG positive pa-
tients within 3 to 12 months is advised in many international guidelines, we observed low
retesting rates among GP patients.>"!? The retesting rate (between 3-12 months) in patients
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with CT is 24% and with NG is 15%, which we consider relatively low. Retesting CT and NG
positive patients was not advised in the Dutch national guideline for GPs (2005). In the latest
Dutch national guideline for GPs (2013), GPs are recommended to advice CT positive patients
to retest within one year.? Remarkably, no retesting recommendations for NG are given de-
spite relatively high reinfection rates within one year of a previous infection.!* In our study
(chapter 2), 12% tested CT positive within 3 to 12 months. Due to the fact that only one out
of four patients were retested, reinfections were likely missed, potentially leading to ongoing
transmission of CT. No reinfections for NG were observed, probably due to the low number of
retesting patients (n=11). To facilitate retesting at the GP practice, GPs could consider using
modern testing and communication strategies such as e-health. For example, GPs could, in
collaboration with their diagnostic laboratory and public health services, send home sam-
pling kits 3 to 12 months post treatment to improve retesting rates. Also, automatic small
text messages could be used. These two methods have shown to increase retesting rates in
STl clinic settings.’* ** Moreover, education and awareness of the importance of CT and NG
testing could improve (re)testing rates at the GP practice.” Recently, a study in New Zealand
showed that a combination of clinician education, advice, and SMS text reminders increased
CT and NG retesting rates significantly in primary care.’®

In this study we also assessed extragenital testing, meaning diagnostic testing of the ano-
rectal and oropharyngeal anatomical site. For specific risk groups like men who have sex with
men this is warranted. A notable finding was that in only 0.3% of the consultations GP pa-
tients were tested at extragenital sites (chapter 2). An earlier study (data until the year 2010)
by colleagues den Heijer et al. showed also very low (<1%) extragenital testing rates of CT
and NG among GPs in a comparable region in Limburg.”*” Thus, the extragenital testing rates
by GPs have not increased until the year 2016 despite that these data were communicated
to GPs in the region at several occasions (expert-meetings) and despite many national (e.g.
in the national GP journal ‘Huisarts & Wetenschap’) and international scientific publications
showing that extragenital infections are common among women and MSM.* Moreover, it is
estimated that 9% of the men visiting the GP are MSM, in which anorectal testing should be
performed.?* As MSM are disproportionally affected by NG testing, retesting and treating this
high risk group remains important to enhance NG control.

Repeat Chlamydia trachomatis and Neisseria gonorrhoeae infections

In chapter 3 and 4 of this thesis, we assessed whether patient repeatedly infected with CT or
NG had different sociodemographic characteristics compared to patients frequently tested
negative for CT and NG. Indeed, profiles in patients with repeat CT and NG infections reflected
the high risk groups as described in testing guidelines, such as MSM and individuals younger
than 25 year of age.® However, there was a notable difference in the sex-distribution in pa-
tients with CT, and patients with NG repeat infections.
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According to our analyses, there was no significant difference of repeat CT infections be-
tween men who have sex with women (MSW) (19%) and MSM (20%), and although higher,
this was also not significantly different for women (61%) (P=0.32). In contrast, the distribution
of NG repeat infections was unequally distributed and was mainly focused in MSM: 7% MSW,
83% MSM, and 10% women (p<0.001). Others report that patients repeatedly infected with
STls are part of, so called, “core-groups” who have disproportionally impact on transmitting
and acquiring STIs.* We believe that this is likely true for NG, but not for CT. The vast majority
of NG infections (as well as repeat infections) in the Netherlands are diagnosed among MSM
(76%).! This indicates that NG is an STI mainly affecting MSM. CT is more widespread affecting
the general population, including youngsters, men, and women.

Chlamydia trachomatis bacterial load

As viral load, the number of virus particles in a given volume of body fluid, is in some STls
associated with increased risk for transmission (such as in HIV and herpes simplex virus). This
might be likewise true for the CT bacterial load. The CT bacterial load is frequently expressed
as the number of bacteria/milliliter. The CT bacterial load can be measured directly or indi-
rectly by using the cycle quantification value (Cq value). The Cq value of a real time nucleic
acid quantification test (NAAT) is a measure of the number of cycles needed to give a positive
signal in the diagnostic test and is thus an approximation of the inverse CT bacterial load.
The CT bacterial load may hypothetically affect transmission potential and possibly also the
development of sequelae. In chapter 5 of this thesis, we assessed whether the urogenital
CT bacterial load, based on Cq values, was different between populations visiting STI clinics,
GPs, and hospital physicians. We hypothesized that STl clinic patients have a higher urogen-
ital CT load compared to GP and hospital physician patients, since STI clinics specifically
target high risk individuals. However, we observed that in men no differences were observed
between STI care-provider populations. Whereas, women visiting GPs had lower urogenital
Cqvalues (higher CT load) compared to women visiting the STl clinic (30.2 vs. 30.9; p=<0.001).
This finding was in contrast with our hypothesis. Although, the small difference observed
(0.7 Cq) is worth discussing. Translating this numberinto a “factor CT load”, which means the
number of times the CT bacterial load was higher between the studied groups, this would
be 270.7 Cg= 1.6. Thus, women visiting the GP have a 1.6 times higher urogenital CT load
compared to women visiting the STl clinic. The clinical and microbiological relevance of the
observed difference remains unclear. Earlier, our study group deemed a factor CT load of 10
(3.3 Cq) as clinically relevant to overcome potential technical variations when measuring the
CT load within the same patient overtime.” In chapter 5 and 6 of this thesis we averaged the
CT load over an entire population. For example, in chapter 5, the GP, STl clinic, and hospital
population and in chapter 6 all patients with, urogenital, anorectal or oropharyngeal CT.
Therefore, potential technical differences between individuals are flattened out and likely
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have little impact on the results, because these potential variations are randomly distributed
over all samples tested within the particular group. Nevertheless, the precise relevance of the
differences in CT load between groups remains unknown.

A notable finding of chapter 5 was that women concurrently infected with urogenital and
anorectal CT had an 8.5 times higher urogenital CT load compared to women with only a uro-
genital CT infection. Moreover, women who were not anorectally tested also had an 8.1 times
higher urogenital CT load compared to women with a urogenital CT infection. This could in-
dicate that women who were not anorectally tested also had an anorectal CT infection, since
anorectal CT infections among women are highly common.’* As a consequence, women
with a urogenital CT infection and an untested anorectal CT infection are likely treated with
azithromycin, since azithromycin is the first choice treatment for urogenital CT in the Neth-
erlands.” Therefore, potential undiagnosed anorectal CT infections may not be adequately
treated as the efficacy of doxycycline exceeds that of azithromycin in anorectally positive
women.? Those women with untested anorectal CT infections could have impact on trans-
mission by auto-inoculation, and possibly the progression to sequelae, as we are currently
studying in FemCure.??*

An earlier publication by Dirks et al., including 28 CT load based studies, showed that the CT
load was measured and expressed in 14 different ways in the literature.?® This hampers com-
parison between studies and standardization is needed.” In chapter 6, we assessed whether
the CT load of urine samples, vaginal swabs, oropharyngeal swabs and anorectal swabs were
different in men and women. To date, this is the largest study (n=7,900 CT positive samples)
assessing the CT load of different anatomic locations in one study using the same molecu-
lar analysis method and the same protocol per anatomical locations for all patients sampled.
We showed that vaginal swabs had the highest CT load followed by urine samples, anorectal
swabs and oropharyngeal swabs. Oropharyngeal CT infections with low CT loads tend to clear
more often than those with high CT loads which may indicate that samples with low loads have
less impact on transmission.?® Nevertheless, oropharyngeal samples with a high CT load could
act as a reservoir for CT as a study showed that one out of three women, and more than half of
MSM have an oropharyngeal CT infection without a concurrent anogenital CT infection.?® Nev-
ertheless, the median clearance time for oropharyngeal CT is still unclear.

The most notable finding in chapter 6 was that men and women have an equal oropha-
ryngeal CT load and an equal anorectal CT load. This finding could fuel discussion about
whether all women, just as is now standard practice in MSM, need to be tested anorectally.
Moreover, relevance in women might be even more substantial as they bear the burden of
reproductive morbidity caused by CT.?'

Furthermore, we showed that CT patient co-infected with other STIs such as NG and HIV
have a lower urogenital CT load (chapter 6). In an additional analysis, we showed that those
patients (high risk group) were more often repeatedly infected with CT potentially leading to
some partial immunity against CT. In chapter 7 we confirmed this finding; women and men
repeatedly infected with CT have a lower urogenital CT load. The partial immunity theory is
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endorsed by other studies.”** Although, the precise mechanism and interaction with different
treatments (azithromycin and doxycycline) remains unknown. Likely treatment with azithro-
mycin or doxycycline could play a role in the extent to which partial immunity exist for CT. As
treatment with doxycycline exceeds that of azithromycin in urogenital and anorectal CT 25203,
partial immunity against CT could be higher in patients treated with azithromycin. However,
thisis only speculative and further research is needed to confirm or reject this hypothesis.

Epidemiological versus geographical analyses

In chapter 8 of this thesis we assessed the added value of geographical cluster analyses
compared to epidemiological analyses for detecting high risk CT and NG areas using Dutch
national surveillance data. The geographical analyses showed various high-risk geographi-
cal clusters mainly in areas with high populations densities. The epidemiological analyses
showed also high CT and NG detection rates in urban areas.

In contrast, in one STl clinic region (“G”) the geographical cluster analyses visualized no
NG clustersindicating no high-risk area. However, according to the epidemiological analyses,
354 NG cases were identified when including low SES and urban areas within that specific
STl clinic region. Therefore, assessing the geographical cluster analyses without the epide-
miological analyses would lead to missed cases. Furthermore, the number of “captured” CT
positives was always lower for the geographical cluster analyses compared to the epidemi-
ological analyses. An additional geographical cluster analyses of a subset of the region (for
example provinces), would lead to different geographical clusters with detailed information
which can be used for potential targeted outreach activities. This highlights the difficulty of
interpreting geographical mapping data which always should be done with caution and in
combination with other epidemiological data.

The NNT for the geographical cluster analyses was in all STl clinic regions (expect for re-
gion “G”) much lower than the epidemiological analyses. Thus, despite that the geographical
cluster analyses included a minority of CT and NG cases, it can be used to efficiently target
resources for outreach activities. Therefore, STI control professionals should decide on the
purpose of their testing strategies: (1) capture as much as possible CT/NG infections by test-
ing a large part of the population within an STl clinic region (epidemiological analyses), or (2)
capture approximately half of the CT/NG infections by only testing a small proportion of the
inhabitants of the STl clinic region mostly living in urban areas within the geographical clus-
ters (geographical cluster analyses). We believe that a combination of both methods is need-
ed to provide insight in an entire region and to avoid potential missed cases. Furthermore,
the application of geographical analyses software requires expert knowledge on its use and
the interpretation of the results. A general disadvantage of geographical cluster analyses is
that the use of different sizes of geographical units, such as 4-digit postal codes or munici-
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palities, could lead to different clusters and therefore different results. This is also known as
modifiable areal unit problem (MAUP).

To conclude, all patients diagnosed with CT or NG should be retested within 3 to 12 months
after diagnosis. Especially in the GP setting, we observed relatively low CT and NG retesting
rates. The currently ongoing “Chlamydia: Hidden Infectious Management in Primary care”
(CHIMP) study could resolve some knowledge gaps in CT and NG control in the GP setting.
First, it will answer the question whether retesting rates will increase by sending an email or
SMS six months after diagnosis to request a home sampling kit for self-testing. Second, it will
answer the urgent question whether anorectal CT infections are common among urogenital
CT positive women visiting the GP. The latter would have impact on testing and treatment
guidelines for GPs. If it turns out that the majority of urogenital CT positive women visiting the
GP also have an anorectal CT infection. Then potentially all women with a urogenital CT infec-
tion should routinely be treated with doxycycline instead of azithromycin.” Routine anorectal
testing will lead to extra healthcare costs. When all urogenital CT positive women are treated
with doxycycline, then extra anorectal testing is not needed. However, doxycycline treatment
adherence could be an issue, since doxycycline should be taken twice a day for seven days.
This could possibly lead to not fully treated CT infections. Practical care strategies, such as au-
tomatic text messages or online applications, could potentially help treatment adherence.”

The most important question that remains unanswered is whether a high bacterial CT
load increases transmission. | believe it may, but further complex research is needed to as-
sess this pattern. Likely patients with a low CT bacterial load may not transmit CT, like the
viral load of HIV (not detectable = not transmittable). Hypothetically, in the future, patients
with a low CT bacterial load may not be treated leading to less overtreatment, potential less
antimicrobial resistance and less healthcare costs. Furthermore, conventional highly sensi-
tive gPCR techniques cannot distinguish between viable and non-viable CT DNA. Therefore,
potential non-viable CT infections may be treated leading to overtreatment. Recently, our
study group invented a viability PCR (V-PCR) technique in which viable and non-viable CT
DNA can be distinguished.®* Moreover, they showed that in approximately half of the anorec-
tal CT positive women viable CT DNA could be detected.® Hypothetically, V-PCR could play
are role in the future for whether or not treating CT positive patients. The currently ongoing
“CHLAMOUR” study of the public health service South Limburg will provide insightin (1) the
viability of CT at different anatomic locations, (2) the most important anatomical location for
CT transmission, and (3) insight in enhanced CT treatment.

The potential added value of geographical cluster analyses could be tested in practice.
For example, an additional cluster analyses per province or STI clinic region would lead to
more detailed information and additional geographical clusters on a smaller scale. Based
on these results, outreach testing activities could take place in these specific areas to detect
potential hidden CT and NG infections. The results would reveal the practical added value of
geographical cluster analyses.
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Chapter 10

Summary

The studies included in this thesis provide insight in test practices of general practitioners
(GPs), characteristics of patients repeatedly infected with Chlamydia trachomatis (CT) or Neis-
seria gonorrhoeae (NG), the CT bacterial load, and geographical analyses to inform CT and
NG control.

In chapter 2, CT and NG test of cure (TOC), and retesting rates of 48 Dutch GP practices
were analyzed in the South-Western part of Limburg in the Netherlands between January
2011 and July 2016. Relatively high CT (20%) and NG (25%) TOC rates were observed. Where-
as relatively low CT (24%) and NG (15%) retesting rates were observed. Notably, in only 0.3%
of the CT and NG consultations patients were tested at extragenital sites. Due to the relatively
high TOC rates, overtreatment could have occurred. Moreover, due to the relatively low re-
testing and extragenital testing rates (repeat) infections were likely missed leading to ongo-
ing transmission of CT and NG.

In chapter 3, we assessed whether patients repeatedly infected with CT were different to
patients repeatedly tested negative for CT. In this study, 17,616 patients tested for CT in a sex-
ually transmitted infections (STI) clinic, at a GP practice or in a hospital were included in the
period between January 2011 and July 2018. Younger patients (aged <25 years) and patients
co-infected with HIV or NG had more often repeat CT infections. These patients accounted
for ~20% of all diagnosed CT infections and are likely at highest risk for transmitting and ac-
quiring CT. Notably, 41% of the CT patients were not retested after CT diagnosis and therefore
lost to care, indicating missed repeat infections and potentially ongoing transmission of CT.

Similar to chapter 3, but than for NG, we assessed in chapter 4 whether patients from our
STl clinic, GPs or hospitals repeatedly infected with NG were different compared to patients
repeatedly tested negative for NG. Patients (n=16,662) were tested for NG in the period Janu-
ary 2011 and July 2018. 0.2% of the patients (n=40) with repeat NG infections accounted for
23% of all diagnosed NG infections. Patients with repeat NG infections were almost all MSM
and visiting the STl clinic. Notably, one out of three NG patients were not retested after NG
diagnosis. Therefore, repeat NG infections were likely missed potentially leading to ongoing
transmission of NG. It remains important to test and retest for NG, especially in MSM, in order
to halt transmission.

In chapter 5, we assessed whether patients visiting different STl care providers (STl clinic,
GPs, or the hospital) have a different urogenital CT bacterial load. In this study, CT positive
urogenital samples of men and women were included between 2012 and 2016 (n=3,670).
Men visiting different STI care providers had a similar urogenital CT load and likely similar
chances of transmission and sequelae. Women visiting the GP had a higher CT load com-
pared to women visiting the ST clinic, although the difference was small. Notably, women
concurrently infected with urogenital and anorectal CT, and women who were not anorectal-
ly tested had a substantial higher urogenital CT load compared to women with no anorectal
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infections. Likely those women who are concurrently infected with urogenital and (untested)
anorectal CT have higher chances of transmission and sequelae.

In chapter 6, we assessed the CT bacterial load of different urogenital and extragenital
sample types, and therefore different anatomic locations. In this largest study to date, all
CT positive urogenital and extragenital samples of men and women were included between
2012 and 2018 (n=7,900). Vaginal swabs had the highest CT load, followed by urine samples,
anorectal swabs, and oropharyngeal swabs. The most notable finding was that men and
women have an equal extragenital load and therefore likely similar clinical relevance despite
different testing guidelines for men and women. Furthermore, older patients and patients
co-infected with HIV had a lower urogenital CT load, suggesting exposure to previous CT in-
fections potentially leading to partially immunity reducing CT load.

In chapter 7, we assessed the urogenital and extragenital CT bacterial load of men (n=221)
and women (n=208) repeatedly infected with CT between 2012 and 2018. Men and women
repeatedly infected with CT have a lower urogenital CT load. Such association was not ob-
served for anorectal infections of men and women. Therefore, partial immunity could play a
role in repeat urogenital infections, but likely not in repeat anorectal infections.

In chapter 8, epidemiological analyses were compared with geographical cluster analy-
ses for detecting high risk CT and NG geographical areas. For this study we included CT and
NG consultations of all STI clinics in the Netherlands between 2013 and 2015 (n=379,926).
Low SES- and urban areas were associated with high CT and NG detections rates. The geo-
graphical clusters were mainly observed in areas with high population densities, thus urban
areas. In one STl clinic region, the geographical cluster analyses did not visualize any NG
cluster, whereas 489 NG cases were diagnosed in that region. The number needed to test
for CT and NG was lower for the geographical cluster analyses (range: 57-369) compared to
the epidemiological analyses (range: 93-2,104) per STI clinic region. This could indicate the
efficiency of geographical analyses for targeting STI control outreach activities. However, a
combination of both approaches is imperative in providing geographical insight in CT testing
and positivity and to avoid missed cases.

In chapter 9, all chapters were discussed in a general discussion with concluding remarks
and future directions for research.

173



Chapter 10

Nederlandse samenvatting

De studies in dit proefschrift geven inzicht in test praktijken van huisartsen, sociaal de-
mografische karakteristieken van patiénten met herhaalde Chlamydia trachomatis (CT) of
Neisseria gonorrhoeae (NG) infecties, de CT bacteriéle load en geografische analysen voor
het informeren van CT- en NG bestrijding.

In hoofdstuk 2, werden CT- en NG test-of-cure en hertest percentages van 48 huisartsprak-
tijken geanalyseerd in het Zuidwesten van Limburg tussen januari 2011 en juli 2016. We von-
den relatieve hoge CT (20%) en NG (25%) test-of-cure percentages. Daarentegen werden
relatieve lage CT (24%) en NG (15%) hertest percentages gemeten. Een opmerkelijke bevin-
ding was dat in slechts 0,3% van de CT- en NG consultaties patiénten extra-genitaal (oraal of
anaal) getest werden. Overbehandeling van CT en NG heeft mogelijk plaats gevonden door-
dat relatieve hoge test-of-cure percentages werden waargenomen. Daarnaast zijn waarschi-
inlijk herinfecties en extra-genitale infecties gemist door het lage percentage hertesten en
extra-genitale testen. Dit kan leiden tot verdere verspreiding van CT en NG.

In hoofdstuk 3 hebben we sociaal demografische kenmerken van patiénten met herhaal-
de CT-infecties vergeleken met personen die frequent negatief testen voor CT. In deze studie
hebben we 17.616 personen, die op CT getest waren door de GGD, huisartsen of medisch
specialisten, geincludeerd tussen januari 2011 en juli 2018. Patiénten jonger dan 25 jaar en
patiénten met een HIV of NG co-infectie hadden significant vaker een herhaalde CT-infec-
tie. Deze patiénten met herhaalde CT-infecties zorgden voor ~20% van de gediagnosticeerde
CT-infecties en lopen waarschijnlijk het grootste risico om CT te verspreiden in de populatie.
Opmerkelijk was dat 41% van de CT-patiénten niet werden gehertest na diagnose en uit de
zorg verdwenen. Dit leidt mogelijk tot gemiste CT-infecties en verdere verspreiding van CT.

Vergelijkbaar als in hoofdstuk 3, hebben we in hoofdstuk 4 patiénten met herhaalde
NG-infecties vergeleken met personen die frequent negatief testen voor NG. Alle personen die
getest werden op NG (n=16.662) door de GGD, huisartsen en medisch specialisten, werden
geincludeerd in de periode tussen januari 2011 en juli 2018. Slechts 0.2% (n=40) van de ge-
teste patiénten, met herhaalde NG-infecties, zorgden voor 23% van alle gediagnosticeerde
NG-infecties. Patiénten met herhaalde NG-infecties waren voornamelijk mannen die seks
hebben met mannen (MSM) en gediagnosticeerd door de GGD. Opmerkelijk was dat 1 op de
3 patiénten met een NG infectie niet werden gehertest na diagnose. Daardoor zijn waarschi-
jnlijk herhaalde NG-infecties gemist wat kan leiden tot verdere verspreiding van NG. Het is, en
blijft, belangrijk om risicogroepen zoals MSM te (her)testen om zo verdere NG-verspreiding
tegen te gaan.

In hoofdstuk 5 hebben we de urogenitale CT bacteriéle load van verschillende populat-
ies (GGD-populatie, huisarts populatie, medisch specialisten populatie) vergeleken. In deze
studie hebben we urogenitale CT positieve samples van mannen en vrouwen geincludeerd
in de periode tussen 2012 en 2016 (n=3.670). Mannen van verschillende populaties hadden
dezelfde urogenitale CT bacteriéle load en waarschijnlijk vergelijkbare kansen op verdere
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verspreiding. Daarentegen hadden vrouwen die de huisarts bezochten een hogere urogen-
itale CT bacteriéle load dan vrouwen die de GGD bezochten, echter was het verschil klein.
Opmerkelijk was dat vrouwen met een gelijktijdige urogenitale en anale CT-infectie een aan-
zienlijk hogere urogenitale CT bacteriéle load hadden in vergelijking met vrouwen die geen
anale infectie hadden. Waarschijnlijk hebben vrouwen met een gelijktijdige urogenitale en
anorectale chlamydia-infectie een hogere kans op complicaties en verspreiding van CT.

In hoofdstuk 6 hebben we de CT bacteriéle load van verschillende lichaamslocaties (uro-
genitaal, anaal en oraal) vergeleken en getoetst. In deze grootste studie tot nu toe werden
alle CT positieve urogenitale en extra-genitale samples van mannen en vrouwen in de peri-
ode 2012 en 2018 (n=7.900) geincludeerd. De meest opmerkelijke bevinding was dat mannen
en vrouwen een vergelijkbare anale en orale CT bacteriéle load hadden. Daardoor hebben
extra-genitale infecties van mannen en vrouwen waarschijnlijk een vergelijkbare impact op
transmissie ondanks verschillende test richtlijnen voor mannen en vrouwen. Daarnaast had-
den oudere patiénten (>25 jaar) en patiénten met een HIV co-infectie een lagere urogenitale
CT bacteriéle load mogelijk door gedeeltelijke immunisatie als gevolg van herinfecties.

In hoofdstuk 7 hebben we de urogenitale en extra-genitale CT bacteriéle load van man-
nen (n=221) en vrouwen (n=208) met herhaalde CT-infecties vergeleken in de periode tussen
2012 en 2018. Mannen en vrouwen met herhaalde CT-infecties hebben een lagere urogenitale
CT bacteriéle load in vergelijking met een eerdere urogenitale CT-infectie. Voor herhaalde
anale infecties van mannen en vrouwen was geen verschil in de CT bacteriéle load waarne-
embaar. Gedeeltelijke immunisatie kan een rol spelen in herhaalde urogenitale CT-infecties,
waarschijnlijk niet in herhaalde anale CT-infecties.

In hoofdstuk 8 hebben we een epidemiologisch analyse vergeleken met een geograf-
ische cluster analyse voor het detecteren van hoog risicogebieden voor CT en NG. In deze
studie hebben we alle CT en NG testen van GGD’en in Nederland tussen 2013 en 2015 gein-
cludeerd (n=379.926). Lage sociaaleconomische status- en stedelijke gebieden waren geas-
socieerd met hoge CT- en NG vindpercentages. Daarnaast werden de geografische clusters
voornamelijk waargenomen in gebieden met hoge bevolkingsdichtheden. Dit waren dus
voornamelijk de steden. In één GGD-regio werden geen geografische NG-clusters waarge-
nomen, terwijl 489 NG-cases waren gediagnosticeerd in diezelfde GGD-regio. Het aantal
personen dat getest zou moeten worden om één CT- of NG infectie te diagnosticeren was
lager voor de geografische cluster analyse (range: 57-369) in vergelijking met de epidemiol-
ogisch analyse (range: 93-2.104) per GGD-regio. Dit zou kunnen duiden op de efficiéntie van
geografische analysen voor potentiéle outreach activiteiten. Echter, een combinatie van een
geografische- en epidemiologisch analyse is noodzakelijk om een regio in kaart te brengen
en om gemiste infecties te voorkomen.

In hoofdstuk 9 werden alle voorgaande hoofdstukken besproken in een algemene dis-
cussie inclusief afsluitende opmerkingen en aanbevelingen voor verder onderzoek.



Chapter 10

Valorization

Besides scientific relevance, this thesis also has implications for society and sexual health
care test practices. Our results provided insight in Chlamydia trachomatis (CT) and Neisseria
gonorrhoeae (NG) test practices, the CT bacterial load and geographical mapping and anal-
yses. The practical and societal implications of these results, e.g. on testing and treatment
practices, are mainly indirect. The results of this thesis could fuel discussions for testing and
treatment guidelines, serve as a basis for new research, and could be used to inform public
health efforts.

Test of cure, retesting and extragenital testing

Next to sexually transmitted infection (STI) clinics, general practitioners (GPs) are one of the
main STl care providers. Optimizing testing strategies for GPs could have huge impact on CT
and NG control.

Relatively high unnecessary CT and NG test of cure (TOC) rates were observed among
patients visiting the GP. However, according to (inter)national guidelines for all care profes-
sionals, GPs are recommended against a CT or NG TOC; only in specific indicated cases, as
described in the Dutch national guideline for GPs.

Re-testing, i.e. testing after 3 months to 12 months to detect a possible re-infection, is
essential to trace hidden infections. During a consultation, the GP could check when the last
CT or NG test was performed and should advice the patient to retest after three months.
This can also be done by a trained GP assistant on the phone prior to a consultation. This
will lead to less unnecessary STI consultations and costs. Moreover, the combination of text
messages, clinician education and advice have shown to increase CT and NG retesting rates
in primary care in New Zealand. Furthermore, sending a home sampling kit for self-testing six
months after diagnosis could increase retesting rates and detect potential hidden CT and NG
infections. The latter is currently assessed in the “Chlamydia: Hidden Infectious Management
in Primary care” (CHIMP) study which was informed by results from the studies in this thesis.

The Dutch national guideline for GPs (2013) will be updated, since in the last decade many
new insights in CT and NG control have been published. For example, the Dutch GP guideline
only recommend CT positive patients to retest within one year. However, NG positive pa-
tients, maybe even more important due to increasing antimicrobial resistance of NG, should
also always be retested within 3 to 12 months. Many studies show high (up to 40%) reinfec-
tion rates of NG within one year.

According to the Dutch GP guideline, the first-choice treatment for CT is azithromycin. As
extragenital testing was rarely performed by GPs (in 0.3% of the CT test consultations), like-
ly all CT positive patients were treated with first choice treatment azithromycin. As a con-
sequence, potential undiagnosed anorectal infections were likely not adequately treated,

176



Valorization

possibly leading to ongoing transmission within the population. Policymakers and GPs may
consider doxycycline asfirst line treatment instead of azithromycin as (1) many studies show-
ing that concurrent urogenital and anorectal infections are highly common among women,
(2) the effectiveness of doxycycline is high and exceeds that of azithromycin for urogenital
and anorectal CT in women, and (3) extragenital testing was rarely performed in GP settings.
Universal doxycycline use could lead to treatment of potential undiagnosed anorectal CT
infections, likely reduce ongoing transmission for the benefit of public health. Still, treatment
adherence of doxycycline could be an issue and should be investigated further in different
populations and settings.

Also based on the results of our study in the GP setting, the currently ongoing “Chlamydia:
Hidden Infectious Management in Primary care” (CHIMP) has been set up to increase extra-
genital CT (re)testing rates in the GP setting. Furthermore, several spin-off studies were initi-
ated, such as “FemCure” and “CHLAMOUR”, to study the burden, transmission, and cure of CT
at different anatomical locations including anorectal CT.

Lastly, the Dutch National Journal of Medicine (“Het Nederlands Tijdschrift voor Genee-
skunde”) published an article based on our study among GP patients entitled “Follow-up of
CT and NG can be better” (“Nacontrole bij chlamydia en gonorroe kan beter”). The journal is
specific for Dutch medical doctors and the article in the special issue related to sexual health
could have impact in the awareness of TOC, retesting and extragenital testing for CT and NG
in the GP setting.

Chlamydia trachomatis bacterial load

In addition to our finding that extragenital testing is rarely performed by GPs, our findings
concerning the CT bacterial load could fuel discussion about the need for extragenital CT
testing and the appropriate treatment. According to STI testing guidelines, men who have
sex with men (MSM) should always be tested anorectally, and on indication (oral sex or symp-
toms) orally. In contrast, women are only tested on extragenital anatomic locations based
on indication (anorectal or oropharyngeal sex, and symptoms). We showed that women
concurrently infected with urogenital and anorectal, and women who were not anorectally
tested for CT, had a substantial higher urogenital CT bacterial load compared to women who
were anorectally CT negative. Moreover, despite differences in testing guidelines for MSM and
women, we observed an equal extragenital CT bacterial load of men and women. These find-
ings could indicate that anorectal CT infections in women are “real” infections regardless
whether these result from potential autoinoculation from the urogenital site or not. There-
fore, the findings in this thesis may add evidence to the potential transition from azithromy-
cinto doxycycline as first choice treatment for CT in the future. Policymakers should consider
all the existing literature concerning anorectal CT infections in men and women when updat-
ing STl testing and treatment guidelines.
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Geographical mapping and analyses

In two studies of this thesis we used geographical mapping to identify high risk CT and NG
areas. In chapter 4, local geographical areas of patients repeatedly infected with NG were
detected. Geographical maps are attractive to read and can be very informative (although
also sensitive to misinterpretation or visual bias). Furthermore, geographical maps can be
used as a basis for potential outreach activities. For example, a relatively high number of
patients, who tested NG positive and who were not retested, were living close to the STl clinic
in Maastricht. As people with the same sociodemographic characteristics tend to cluster geo-
graphically, likely more undiagnosed NG patients are living in this area. Without geographical
mapping such valuable information was not known. Active testing in this area could detect
potential hidden NG cases. Another question is whether those NG patients living nearby the
STI clinic were not retested, since patients living nearby STI clinic have easier access to the
STl clinicthan, for example, patients living outside the city. However, caution is needed when
interpreting geographical maps including data of the tested population. The hidden popula-
tion at risk, those who never test for CT or NG, are not visualized and could also have high im-
pact on transmission. Maybe even more in non-urban areas compared to urban areas since
access to STl clinics could be a barrier. Likely unawareness of the importance of retesting may
also play a role. Furthermore, we included maps of the GP population who had repeat NG in-
fections and who were not retested after diagnoses. These unique geographical maps can be
used to inform GPs in high risk NG areas. This could increase the awareness and importance
of NG (repeat) testing among GPs, since we noticed that not all GPs test simultaneously for
CT and NG at the same consultation.

In our second study, we geographically mapped and analyzed all CT and NG consultations
ofall STl clinics in the Netherlands. The geographical cluster analyses showed various CT and
NG clusters throughout the country. As the Netherlands is divided in eight STl clinic regions,
the results are communicated to every STl clinic region.

Moreover, the study is communicated to the National Institute for Public Health and the
Environment (in Dutch: RIVM). However, geographical analyses including a large area (such
as a whole country) is less informative and difficult for practical use since relatively large
geographical clusters were produced. Therefore, an additional geographical analyses per ST
clinic region should be performed to obtain more detailed geographical clusters. For exam-
ple, the National Institute for Public Health and the Environment could perform geograph-
ical analyses per STl clinic region and could add the results to the yearly booklet “Sexually
transmitted infections in the Netherlands”. The results per STl clinic region could be used for
targeted testing and specific testing guidelines per STl clinic region. The geographical anal-
yses could be performed, evaluated and adjusted every year for optimizing CT and NG con-
trol. However, expert knowledge is needed to perform and interpret geographical analyses.
Furthermore, geographical cluster analyses can only be performed with a sufficient number
of cases to obtain reliable results, which can be a problem in smaller geographical areas with
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low number of cases. Lastly, and very important, our geographical analyses included only
national STl clinic data. Therefore, approximately half of the CT/NG tests and infections were
visualized since GP data were not used. Geographical analyses including GP data would lead
to different results and therefore different geographical clusters. However, a geographical
cluster analyses using GP data could still be very useful to inform local CT and NG control
where ideally public health services and GPs work together.
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Dankwoord

Na vier jaar lang aan dit proefschrift te hebben gewerkt, is het dan eindelijk klaar. Ik heb veel
geleerd over chlamydia, gonorroe en epidemiologie. Daarom wil ik iedereen, die op welke
wijze dan ook heeft bijgedragen aan dit proefschrift, hartelijk bedanken!

180



Dankwoord / List of publications

List of publications

e Wijers J,van Liere G, Hoebe C, et al. Test of cure, retesting and extragenital testing practices
for Chlamydia trachomatis and Neisseria gonorrhoeae among general practitioners in
different socioeconomic status areas: A retrospective cohort study, 2011-2016. PLoS One
2018;13(3):e0194351. doi: 10.1371/journal.pone.0194351

o Wijers J, Hoebe C, van Liere G, et al. Chlamydia trachomatis bacterial load, estimated by Cq
values, in urogenital samples from men and women visiting the general practice, hospital or STI
clinic. PLoS One 2019;14(4):0215606. doi: 10.1371/journal.pone.0215606

o Wijers J, Dukers-Muijrers N, van Liere G, et al. Men and women have an equal oropharyngeal and
anorectal Chlamydia trachomatis bacterial load: a comparison of three anatomic sites. J Infect Dis
2019 doi: 10.1093/infdis/jiz668

o Wijers J, Hoebe C, Dukers-Muijrers N, et al. The Characteristics of Patients Frequently Tested and
Repeatedly Infected with Neisseria gonorrhoeae. Int J Environ Res Public Health 2020;17(5) doi:
10.3390/ijerph17051495

«  Dukers-Muijrers N, Heijman T, Gotz HM, Zaandam P, Wijers J, et al. Participation, retention,
and associated factors of women in a prospective multicenter study on Chlamydia trachomatis
infections (FemCure). PLoS One 2020;15(3):e0230413. doi: 10.1371/journal.pone.0230413

o Wijers J,van Liere G, Dukers-Muijrers N, et al. Men and women repeatedly infected with
Chlamydia trachomatis have a lower urogenital bacterial load. Sex Transm Dis 2020 doi: 10.1097/
0OLQ.0000000000001219

o Wijers J, Dukers-Muijrers N, Hoebe C, et al. The characteristics of patients frequently tested
and repeatedly infected with Chlamydia trachomatis in Southwest Limburg, the Netherlands.
BMC Public Health 2020;20(1):1239. doi: 10.1186/512889-020-09334-9

181






	Contents
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	Chapter 8
	Chapter 9
	Chapter 10
	Summary
	Nederlandse samenvatting
	Valorization
	Dankwoord
	List of publications

