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Abstract

Background

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

Methods

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

Results

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

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

Introduction

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

Anorectal infections detected by a NAAT in MSM are generally assumed to be real infec-
tions and are given adequate treatment to halt transmission and reduce complications in indi-
viduals. Additionally, in recent years, several published studies have recommended anorectal
testing for women because of the substantial prevalence of anorectal chlamydia among them
(6-15%) [7-9]. The prevalence of anorectal chlamydia in women is strikingly similar to that in
MSM (7-14%) [10-12]. Women do frequently report anal sex (11-26%) as do MSM [9,13-15].
Nonetheless, recent studies using routine anorectal testing have found that over half to two-
thirds of anorectal chlamydia infections were observed in women and MSM who did not report
anal sex [9,16,17]. This finding fuels international debate about who to test for anorectal chla-
mydia infections.

Although the prevalence is similar between MSM and women, anorectal chlamydia infections
in women are mainly concurrent with urogenital infections, in contrast to MSM [8-10,12,18,19].
This may give rise to questioning whether anorectal infections in MSM and women detected by
NAAT are comparable in clinical impact and transmission potential. The clinical impact may be
considered in terms of symptoms. The majority of anorectal chlamydia infections in MSM and
women are asymptomatic. Transmission potential could be carefully considered in terms of bac-
terial load (e.g. high loads indicate a higher transmission potential for viral STIs) [20]. Therefore,
targeting individuals with high chlamydia loads could have an added value in practice.

To date, only a few studies have used a NAAT to report on anorectal load [15,21,22], and
none of these studies have compared anorectal loads between MSM and women. Yet, quantify-
ing bacterial load and knowing which determinants are associated with high bacterial load
could provide a unique insight into possible clinical (i.e. symptoms) and public health (i.e.
transmission) aspects of anorectal infections. Additionally, comparing bacterial load and asso-
ciated determinants between MSM and women could help to ascertain whether their anorectal
infections are equally severe in terms of symptoms and transmission. Moreover, anorectal load
could differ between women who report anal sex and women who do not report anal sex, due
to different transmission routes (i.e. autoinoculation from vaginal secretions in women who do
not report anal sex). This study quantified bacterial load in chlamydia positive anorectal sam-
ples from MSM who reported anal sex (tested as recommended in STI guidelines [5]) and from
women with concurrent urogenital chlamydia, and assessed determinants associated with bac-
terial load.

PLOS ONE | DOI:10.1371/journal.pone.0134991 August 11,2015 2/12



@’PLOS ‘ ONE

Anorectal Chlamydia Load

Methods
Study population and procedures

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

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

registry.

Study selection

Between November 2010 and September 2013, 796 anorectal chlamydia infections were diag-
nosed in MSM who reported anal sex and in women with concurrent urogenital chlamydia.
We selected a convenience sample of MSM who reported anal sex and women with concurrent
urogenital chlamydia who were 16 years or older and positive for non-LGV anorectal chla-
mydia for this study; this yielded 211 consults by 194 individuals for further analyses. The
study sample (26.5% from total sample) was selected based on availability and easy access. To
assess whether selection bias had occurred in the sample, we used a Chi-square test to compare
age, nationality and sex between persons who were included in the study and MSM reporting
anal sex and women who tested positive for anorectal chlamydia who were not included in

the study. Individuals in the study sample were on average younger than those not included
(mean 30 years (inter quartile range (IQR) 22-44) versus 34 years (IQR 21-41), P<0.001).

The proportion of individuals with a non-Western nationality was comparable between indi-
viduals included and not included (4.8% n = 10 versus 3.8% n = 19, P = 0.56). The proportion
MSM included was smaller compared to women (19.6% n = 96, versus 37.5% n = 116,
P<0.0001).

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

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

Quantitative PCR for CT used primers targeting the single-copy OmpA gene, coding for the
major outer membrane protein, as described by Jalal et al. [25]. For eukaryotic cell determina-
tion, primers targeting the MHC class II antigen (HLA-DQAL1) gene were used, as described by
van der Helm et al. [26], as a test for adequacy of the sampling. For absolute quantification, the
ompA and HLA-DQA1 PCR products were cloned separately into the pGEM-T easy vector
(Promega Corporation, Madison, WI, USA) according to the manufacturer’s protocol. Plas-
mids were isolated using alkaline lysis and purified using phenol/chloroform extraction, as
described previously [27]. Logarithmic dilutions covering a 5-log range were made (converted
to correspond with 10° to 10> copies/ml in clinical samples).

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

PCR amplification was performed in a total volume of 25 pl, consisting of a 10 pul template
and a 15 pl reaction mixture containing 12.5 pl Absolute gPCR Rox Mastermix (Thermo Scien-
tific, Waltham, USA) and a 2.5 pl primer/probe mix consisting of 840 nM forward and reverse
primer and 100 nM probe. The amplification reaction consisted of 15 minutes of initial activa-
tion at 95°C, followed by 42 cycles at 95°C for 15 seconds and 60°C for 60 seconds.

Load determination

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

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

Statistical analyses

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

Results
Characteristics of the study population

Anal sex was reported by 45.5% (51/112) of the women. The median age of the MSM (n = 90)
was 36 years (IQR 25-47). It was 25 years (IQR 19-27) for women who reported anal sex

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

Anorectal chlamydial load in women and MSM

MSM who reported anal sex had a similar mean log anorectal chlamydia load (3.50) as women
who reported anal sex (3.80; Fig 1, Table 1). In multivariable analyses adjusting for age, anal
symptoms, urogenital symptoms and number of sex partners, results remained similar (B 0.29,
CI-0.34-0.92, P = 0.37). Anorectal chlamydia load was significantly higher in women who
reported anal sex (3.80) than in women who did not report anal sex (2.8, P = 0.001). In multi-
variable analyses, results remained similar (B 1.01, CI 0.35-1.67, P = 0.003). When samples
with unquantifiable load were excluded from analyses, results comparing load values between
groups remained similar. The proportion of samples with an unquantifiable load was 8.9%

(n = 8) for MSM who reported anal sex, 9.8% (n = 5) for women who reported anal sex and
27.9% (n = 17) for women who did not report anal sex (P = 0.03). Detectable load values ran-
ged from 1.81-6.32 chlamydia/ml for MSM, 1.74-7.33 chlamydia/ml for women who reported
anal sex and 1.84-6.31 chlamydia/ml for women who did not report anal sex (Fig 1). Among
detectable load values, MSM who reported anal sex had a similar mean log anorectal chlamydia
load (3.74) as women who reported anal sex (4.13, P = 0.09). Women who did not report anal
sex (3.53) had lower mean log anorectal chlamydia load compared to women who did report
anal sex (4.14, P = 0.04) among detectable load values.

Determinants associated with anorectal load

None of the assessed determinants were significantly associated with anorectal load. Although
in multivariable analyses adjusted for proctitis and age, antibiotic use in the past month was
marginally significantly associated with anorectal chlamydia load. Individuals who used antibi-
otics in the past month had a 0.91 chlamydia/ml (95% CI -0.01-1.83, P = 0.05) higher anorectal
chlamydia load compared to individuals who did not use antibiotics in the past month. None
of the assessed determinants were associated with high load (i.e. the upper quartile versus the
other quartiles).
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Table 1. Mean log-transformed number of chlamydia copies per millilitre (Ct/ml) (anorectal load) and associated determinants in MSM, women
who reported anal sex and women who did not report anal sex by univariate linear regression analyses.

MSM who reported anal sex N =90 Women who reported anal sex N = 51 Women who did not report anal sex

N =61
% (N) Mean log A 95% CI % (N) Mean log A 95% ClI % (N) Mean log A 95% CI
load (SD) load$ load (SD) load} load (SD) load$

Anorectal load 3.5(1.4) -0.33 -0.85-0.19 3.8 (1.7) ref 2.8 (1.6) -1.04* -1.67—0.41
Adjusted anorectal load 0.29 -0.34-0.92 ref -1.01* -1.67—0.035
Age

16-21 11.1 (10) 3.9 (1.1) ref 471 (24) 4.1 (1.9) ref 52.2(32) 2.9 (1.5) ref

22-32 322 (29) 3.4(1.6) -0.42 -1.41-0.57 41.2(21) 36(1.7) -0.51 -1.55-0.53 31.1(19) 2.6 (1.8) -0.26 -1.22-0.70

33+ 56.7 (51) 3.4(1.2) -043 -1.37-0.50 11.8(6) 3.6(1.1) -0.44 -2.03-1.14 16.4(10) 2.7 (1.9) -0.18 -1.38-1.03
Nationality

Western 94.4 (84) 3.5(1.3) ref 98.0 (50) 3.7 (1.7) na na 95.0 (57) 2.8 (1.6) ref

Non Western 56(5) 31(1.4) -032 -155-09229(1) 6.4() na na 50(3) 2.0(1.3) -0.88 -2.82-1.06
Number of sex partners

1-2 16.2 (14) 3.6 (1.2) ref 53.1 (26) 3.5 (1.6) ref 62.7 (37) 2.8 (1.6) ref

3-5 35.6(31) 3.5(1.4) -0.04 -0.91-0.84 30.6 (15) 4.0(1.8) 0.53 -0.53-1.59 23.7 (14) 2.7 (1.8) -0.14  -1.19-0.91

6+ 483 (42) 3.3(1.4) -027 -1.11-057 16.3(8) 4.6(1.5) 1.14 -0.19-2.46 13.6(8) 2.7(1.9) -0.19 -1.50-1.11
Antibiotics

No 86.5 (77) 3.4 (1.4) ref 86.3 (44) 3.9 (1.7) ref 87.5(49) 2.9 (1.6) ref

Yes 6.7(6) 4.3(0.7) 043 -0.10-0.95 13.7(7) 32(1.5) -0.74 -2.14-0.66 125(7) 1.9(1.2) -0.07 -0.74-0.89
Urogenital symptoms

No 83.5 (71) 3.5 (1.3) ref 72.5(37) 3.7 (1.8) ref 81.0 (47) 2.8 (1.6) ref

Yes 16.5 (14) 3.3 (1.6) -0.20 -0.99-0.59 27.5 (14) 4.0 (1.6) 0.22 -0.87-1.31 19.0 (11) 2.3 (1.5) -0.50 -1.59-0.59
Anorectal symptoms

No 80.0 (68) 3.4 (1.3) ref 84.3 (43) 3.7 (1.7) ref 96.5 (55) 2.6 (1.6) ref

Yes 20.0 (17) 3.5(1.4) 0.04 -0.70-0.77 15.7(8) 42(1.7) 047 -0.87-1.80 35(2) 2.8(06) 0.19 -2.13-252
Concurrent urogenital chlamydia
infectiont

No 86.5 (77) 3.4 (1.4) ref

Yes 13.5(12) 40(1.3) 060 -0.23-1.43
TPHA positivet

Not tested 65.6 (59) 3.4 (1.3) -0.41 -0.99-0.16

No 26.7 (24) 3.7 (1.6) ref

Yes 78(7) 35(0.9) -0.16 -1.45-1.13
HIV positivet

No 72.2 (65) 3.4 (1.5) ref

Yes 26.7 (24) 3.7 (1.0) 0.37  -0.27-1.02
Anorectal gonorrhoeat

No 84.4 (76) 3.5 (1.4) ref

Yes 15.6 (14) 3.1 (1.2) -0.47 -1.25-0.31

T Concurrent STIs were only assessed as a determinant for MSM since all the women had concurrent urogenital chlamydia and tested negative for TPHA
and HIV; all but one woman were also negative for anorectal gonorrhoea.

* The regression coefficient is represented as A load, which represents the change in anorectal chlamydia load between the categories.

Sensitivity analyses were performed by excluding unquantifiable (0.75 log) load samples in analyses, but results remained the same.

Na = not assessed.

* P<0.05.

doi:10.1371/journal.pone.0134991.t001
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Fig 1. Log-transformed number of cycle threshold per millilitre (Ct/ml) (load) in MSM, women who
reported anal sex and women who did not report anal sex, including load detection threshold,
geometrical mean and mean difference between groups tested by univariate linear regression
analyses.

doi:10.1371/journal.pone.0134991.g001

Discussion

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

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

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

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

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

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

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

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

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

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

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

Some recommend standardisation of organism load measures by correcting for the number
of human cells present to account for sampling variability[16]. Counterarguments have put
forward that commonly used human targets such as HLA-, beta-globin- or beta-actin genes
are too broad a target for human cell quantification via PCR. They are present in all cells (e.g.
columnar, squamous and inflammatory cells), not just in columnar cells, which is the cell type
preferred by chlamydia[38]. It is to question whether normalisation of chlamydia by total
human cell count provides relevant information about the chlamydia per epithelial cell con-
centration[39]. Caution must be used in samples with high inflammatory cell counts, as nor-
malisation will result in low chlamydia/cell loads. This is important in studies correlating
clinical features to the chlamydia load, as any positive relation might be masked using such an
artificial low load. In this study we did not correct for human cells, i.e. HLA, as we cannot dif-
ferentiate between leukocytes and epithelial cells with our PCR-assay. It is unlikely that this is
a limitation to our study as results remained similar when we corrected for human cells (data
not shown).

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