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ORIGINAL RESEARCH

Assessment of rectal Chlamydia trachomatis viable
load in women by viability-PCR

Kevin J H Janssen
Christian J P A Hoebe'?

ABSTRACT

Objectives In recent years, studies have demonstrated
frequent rectal Chlamydia trachomatis (CT) detection

in women, irrespective of reported anal sex or rectal
symptoms. However, the clinical relevance and public
health implication of rectal CT detection in women
remain under debate. Therefore, evaluating CT viability
may provide more insight into the relevance of standard
routine nucleic acid amplification test (NAAT)—positive
results.

Methods In this cross-sectional explorative study, a
convenience sample of female patients at our STI clinic
aged 18 years or older, diagnosed with vaginal and/

or rectal CT, were invited to participate. On return for
treatment, rectal CT-diagnosed women were instructed
to self-collect rectal swab samples before being treated.
Standard COBAS 4800 CT/NG routine NAAT testing
was applied for CT diagnosis. Rectal viable CT load was
evaluated by using viability-PCR (V-PCR).

Results 53 women with rectal CT were included in
this study; 86.8% (46/53) had a quantifiable rectal total
CT load. Of women with quantifiable samples, 52.2%
(24/46) had viable CT detected from rectal swabs by
V-PCR, with a mean rectal viable CT load of 3.31 log,
CT/mL (range 1.16-6.22). No statistically significant
difference (p=0.73) was observed in the mean rectal
viable CT load of women with an indication for rectal
testing (n=9) and without (n=15), 3.20 log,, CT/

mL (range 2.06-4.36) and 3.38 log,, CT/mL (range
1.16-6.22), respectively. CT culture yielded positive test
results from rectal swabs in 22.6% (12/53) of rectal CT
NAAT-diagnosed women. Of women with viable rectal
CT by V-PCR (n=24), 50% (12/24) were positive by CT
culture.

Conclusions Overall, the detection of high rectal viable
CT loads in this study indicates that rectal CT in some
women might represent a currently ongoing infection
rather than just the presence of remnant DNA from dead
bacteria or only contamination from an active vaginal CT
infection.

INTRODUCTION

Chlamydia trachomatis (CT) is the most commonly
diagnosed bacterial STI worldwide.! In women,
vaginal CT infections may lead to serious compli-
cations such as pelvic inflammatory disease, ectopic
pregnancy and infertility.” Current testing guidelines
regarding CT in women mainly focus on genital
infections and recommend rectal testing only in
case of self-reported anal sex or rectal symptoms (ie,

! Petra Wolffs," Mayk Lucchesi,' Nicole HT M Dukers-Muijrers,

selective testing on indication).”” However, it has
become evident that the majority of women diag-
nosed with vaginal CT have a concurrent rectal CT
infection, irrespective of reported anal sex or rectal
symptoms.®” A part of the missed rectal CT infec-
tions might be coincidentally treated with azithro-
mycin, due to the high concurrency of rectal CT in
women diagnosed with a vaginal CT (summary esti-
mate in STI-clinic women 68.1%; 95% CI 56.6% to
79.6%).° 7 However, recent studies suggested that
azithromycin may be less effective than doxycy-
cline in clearing rectal CT infections (82.9% (95%
CI 76.0% to 89.8%) vs 99.6% (95% CI 98.6% to
100%)).”

In contrast to genital CT infections, the clin-
ical relevance (ie, capacity to cause infection and
morbidity) and public health implication (ie, trans-
mission potential) associated with rectal CT infec-
tions in women are debated.” ' One of the key
questions is whether rectal CT detection by nucleic
acid amplification tests (NAATSs) represents a true
(ie, viable) rectal infection. Therefore, assessment
of CT viability, an insight that has been lost with
the expanded use of NAAT assays, may be vital to
shed light on the current knowledge gaps regarding
rectal CT in women. "'

Recently, we validated the viability-PCR (V-PCR)
method for the assessment of CT viability in clin-
ical swab samples.'? This method combines the high
sensitivity and specificity of PCR with the ability
to distinguish between viable and dead bacteria
based on membrane integrity.”™" To our knowl-
edge, this is the first study to assess the viable CT
load in rectal swab samples from STI-clinic female
patients. Thereby, results in this study may provide
new insight into the clinical relevance of rectal CT
detection in women.

METHODS

Study population and procedures

Study participants were recruited at our outpa-
tient STI clinic of the South Limburg Public Health
Service (GGD Zuid-Limburg) between November
2015 and April 2016. All women presenting to
our STI clinic were tested for CT according to the
current European STI testing guidelines (ie, rectal
testing women only when reporting anal sex or
rectal symptoms).* Screening for CT in vaginal
and rectal swab samples was performed by using
the Cobas 4800 CT/NG NAAT assay (Roche Diag-
nostics, Basel, Switzerland). At the treatment visit,
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women aged 18 years or older, diagnosed with a symptomatic
or asymptomatic vaginal or rectal CT infection, were asked to
participate in this study (meaning a rectal swab at the treatment
visit). Exclusion criteria were being pregnant, recent use of anti-
biotics (<1 month) and having a concurrent infection with Neis-
seria gonorrhoeae.

At treatment visit, all consenting women were instructed by
a study nurse to self-take two rectal swab samples (ie, insert the
swab 2.5 cm into the anus, rotate it for 5 to 10 s, and place
the swab in a capped tube) before being treated with antibiotics
(doxycycline). The first self-taken swab was placed in a capped
tube containing CT transport buffer (2SP) and immediately
stored at 4°C. All samples for viability testing were transported
within 24 hours to the Medical Microbiology Laboratory of the
Maastricht University Medical Centre (MUMC+) by cooled
transport. The second swab was used to confirm CT positivity
at inclusion by using the routine diagnostic Cobas 4800 CT/NG
NAAT assay (Roche Diagnostics).

Viability testing by V-PCR

Assessment of CT viability was achieved by using the V-PCR
method as described previously with minor adaptions'?: in the
current study, propidium monoazide (PMA) photoactivation
was completed by using the PMA-Lite LED Photolysis Device
(Biotium, Hayward, California, USA) with an exposure time
of 10 min. Furthermore, CT quantification was conducted in a
total volume of 50 pL to achieve a higher sensitivity.

Rectal swabs for viability testing were stored in 4 mL 2SP
transport buffer. A total volume of 1 mL 2SP was used for V-PCR
testing. The 2SP V-PCR sample was split into two aliquots of 500
uL; one was used to evaluate the total CT load (untreated) and
the other for viable CT load (PMA treated). The resulting cycle
of quantification (Cq) values were entered into a master calibra-
tion curve and log transformed to calculate the corresponding
CT load (log,, CT/mL), as described previously.'? Samples
without a qPCR signal within 42 PCR cycles were defined as
unquantifiable (13.2% (n=7) of rectal samples).

Viability testing by culture

All rectal CT NAAT-positive samples were subjected to CT
culture, as previously described.'® In short, 500 uL 2SP sample
was inoculated on monolayers of cycloheximide-treated HeLa
cells (ACC 57; DSMZ, Braunschweig, Germany) in four-well
Nunc Cell Culture—treated plates (Thermo Fisher Scientific,
cat. no. 176740) and centrifuged at 900g for 1 hour at 37°C.
Cultures were stained with the primary mouse anti-CT major
outer membrane protein monoclonal antibody (Virostat, Port-
land, Maine, USA) and the secondary fluorescein isothiocya-
nate conjugated rabbit—anti-mouse antibody (DakoCytomation,
Glostrup, Denmark) 72 hours post-infection.

Statistical analysis

Load values acquired by qPCR were log transformed for anal-
yses. Total and viable rectal CT load values were compared
between women with and without indication for rectal testing by
using a Mann-Whitney U test. Distribution of CT culture—posi-
tive results were compared between women with and without
indication for rectal testing by % analyses. In this study, women
were categorised based on indication for rectal CT screening
at the initial STT clinic visit: (1) indication for rectal testing—
reporting anal sex (previous 6 months) or rectal symptoms, and
(2) no indication for rectal testing—reporting no anal sex or no
rectal symptoms.* All statistical analyses were performed using
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Figure 1 Total and viable rectal Chlamydia trachomatis (CT) load

in women. Total and viable CT load (log,, CT/mL) in rectal swabs from
women with quantifiable samples (n=46). Triangles indicate samples
with a viable CT load (24/46) and circles indicate samples without any
evidence of viable CT (22/46).

GraphPad Prism V.5.03 for Windows (GraphPad Software, San
Diego, California, USA), and a p value of <0.05 was considered
statistically significant.

RESULTS

Study population

In total, 54 rectal CT NAAT-positive women were included in
this study. The median age of women was 22 years (IQR, 20-24
years). Of these women, 94.4% (n=51) were diagnosed with a
concurrent vaginal CT infection and 5.6% (n=3) had a rectal-
only infection, according to routine systematic NAAT testing
of both anatomical sites. Of all rectal CT-diagnosed women
(n=54), 37.0% (n=20) reported anal sex or rectal symptoms
(ie, women having an indication for rectal testing according to
current testing guidelines).

Total and viable load of rectal CT in women

In total, 53 2SP samples from CT NAAT-positive women were
evaluated by V-PCR. One sample was not tested due to missing
2SP sample material. Quantification of total CT was achieved in
46 (86.8%) 2SP samples. The remaining NAAT-positive samples
(n=7; 13.2%) did not yield any quantification results, most
likely due to a lower sensitivity of our in-house V-PCR (single-
target) compared with the commercial NAAT (multi-target) for
the detection of CT.

The total and viable rectal CT load of quantifiable samples
(n=46) are plotted in figure 1. V-PCR showed that viable CT
were detected in 24/46 (52.2%) 2SP samples (indicated by
triangles), while for the remaining samples (22/46; 47.8%), no
evidence of viable CT was detected after PMA treatment (indi-
cated by circles). Overall, quantification of total CT in rectal
samples from women yielded a mean total CT load of 3.15 log,,
CT/mL (range 1.31-6.74) and for viable CT this was 3.31 log,,
CT/mL (range 1.16-6.22).

Total and viable CT load in women by indication for rectal
testing

The rectal mean total and viable CT load from NAAT-positive
women stratified by having an indication for rectal testing are
shown in figure 2. In women with quantifiable samples (46/53),
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Figure 2 Total and viable rectal Chlamydia trachomatis (CT) load in
women by indication for rectal testing. The mean total (A) and viable
(B) CT load (log,, CT/mL) in rectal swabs from women with (circles)
and without (squares) an indication for rectal testing. Bars indicate the
mean CT load value and whiskers represent the SD.

the rectal mean total CT load in women with indication for
rectal testing (16/46) was 3.14 log,, CT/mL (range 1.55-4.79)
and in women without indication (30/46) this was 3.15 log,,
CT/mL (range 1.31-6.74). In women with viable CT detected
by V-PCR (24/46), the mean viable CT load in women with indi-
cation (9/24) was 3.20 log,, CT/mL (range 2.06-4.36) and in
women without indication (15/24) this was 3.38 log,, CT/mL
(n=15; range 1.16-6.22). No statistically significant difference
was observed in both the mean rectal total (p=0.99) and viable
(p=0.73) CT load between women with and without an indica-
tion for rectal testing (figure 2A, B).

Furthermore, no statistically significant difference (p=0.69)
was found in the proportion of samples with no evidence of
viable CT (an absent qPCR signal after PMA treatment) and
samples containing viable CT (detectable CT load after PMA
treatment) between women with and without an indication for
rectal testing.

CT culture

Assessment of CT viability by traditional culture showed a
positive culture result in 22.6% (12/53) of rectal CT NAAT-
diagnosed women. Of women with viable rectal CT by V-PCR
(n=24), 50% (12/24) also tested positive in CT culture, while
all women without any evidence for viable rectal CT (n=22)
or with unquantifiable rectal samples (n=7) were negative by
CT culture. Furthermore, culture-positive rates were similar
(p=0.84) for rectal swab samples from women with indication
for rectal CT testing (21.1%; 4/19) and without (23.5%; 8/34).

DISCUSSION

This is the first study to report the viable CT load in rectal
samples from female patients at an STI clinic. We detected viable
CT in rectal samples from CT NAAT-positive women visiting
our STT clinic. Furthermore, this study showed that compa-
rable amounts of viable CT were detected in rectal samples
from women reporting anal sex or rectal symptoms and without
reporting such factors.

Based on previous studies assessing the prevalence of extra-
genital CT, it has become evident that rectal CT infections are
common in women, and notably, the majority of these women
did not report a plausible source of infection (eg, reporting anal
sex).®” Yet, it is unclear whether rectal CT detection in women
are true infections or not because routine diagnostic tests cannot
distinguish between DNA from viable (able to be transmitted
and cause complications) and non-viable (not transmissible) CT.
The current study showed that in about half (47.8%) of rectal
CT-diagnosed women, no viable CT were detected by V-PCR,
suggesting that there might be a possible overestimation of rectal

CT positivity in women by current routine diagnostic tests.
Furthermore, V-PCR showed that relevant amounts of viable
CT (mean viable CT load 3.31 log,, CT/mL, range 1.16-6.22)
could be observed in half of the rectal CT-diagnosed women,
suggesting that rectal CT detection in these women might repre-
sent true infection rather than just the presence of remnant DNA
from dead CT or only contamination from an active vaginal
infection. It has been previously hypothesised that rectal CT
infection in women (besides unprotected anal intercourse with
a CT-infected partner) might originate from autoinoculation
via vaginal CT-infected secretions or colonisation of the gastro-
intestinal tract after oropharyngeal infection.” '/ Although the
source of rectal CT infection in women remains unclear, if left
untreated, rectal CT infections may serve as a potential reservoir
for ongoing infection.

Within the small study population (n=53), no statistically
significant difference (p=0.73) was observed in the mean
rectal viable CT load of women with and without an indica-
tion for rectal testing. This is consistent with previous studies
reporting no association between rectal CT detection in women
and reported history of anal sex or rectal symptoms.®” In the
current study, only one-third of rectal CT diagnoses would have
been treated adequately (ie, doxycycline treatment for rectal
CT) based on current European guidelines.* Furthermore, the
majority of rectal CT diagnoses (64%; 34/53) would not have
been tested for. Because all missed rectal CT diagnoses were
observed in women with a concurrent vaginal CT, rectal CT
would have been coincidentally treated with azithromycin.
However, previous studies suggested that doxycycline may be
more effective than azithromycin in treating rectal CT. Still, the
complications (short and long term) and transmissibility associ-
ated with untreated or suboptimal treated rectal CT infections in
women are still unclear and warrant future research.

The evaluation of CT viability in rectal samples by V-PCR is
feasible and valid. Previously, we validated the V-PCR method
in vaginal samples from women.'* In the current study, CT
culture has been conducted as a validation approximation of CT
viability for V-PCR and showed that samples with no evidence
for viable CT or samples with an unquantifiable total load were
also negative for CT culture.

Nevertheless, this study had several limitations. The study
population was relatively small (n=53). However, in a currently
ongoing follow-up study (FemCure study), we are planning to
assess CT viability in a larger cohort of >500 women.'® Further-
more, as self-report of anal sex (and rectal symptoms) may be
subject to social desirability bias, we cannot rule out misclassi-
fication in some women (ie, women classified as no indication
for rectal testing while having a history of anal sex). However,
the questionnaire was anonymous and self-administered, thus
the effect of reporting bias was likely to be limited. Moreover,
the proportion of women reporting anal sex in the current study
(24%; n=13/54) is comparable with the prevalence of anal sex
in women found by previous studies (van Liere ef al (19%) and
Benson et al (13%)).° ¥ Furthermore, questionnaires were taken
at the time of initial screening, while the time interval between
screening and return for treatment may have an effect on the
(viable) CT load found at inclusion. The overall CT viability in
this study may have been underestimated. Patients were instructed
to insert the swab 2.5 c¢m into the anus, as recommended by
our standard routine CT NAAT sampling procedures. There-
fore, patient-collected rectal swabs in this study might contain
mostly squamous epithelial cells, while columnar epithelial cells
(located in the lower rectum) are suggested to be the preferred
cells for CT infection and replication. Furthermore, the overall
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CT viability could have been underestimated due to bacterial cell
death during transport, as discussed previously.'> As our outpa-
tient clinic does not facilitate the direct evaluation of CT viability,
samples were immediately stored in transport buffer at 4°C and
transported to the central laboratory on dry ice (—70°C) within
the same day. Although sample storage and transport conditions
were according to standard culture protocols, we cannot rule
out CT viability loss. Therefore, CT viability could have been
underestimated. A previous culture-based study showed that
compared with direct inoculation, samples stored for 24 hours
at 4°C or —70°C in 2SP buffer maintained an infectivity of 83%
and 86% after storage, respectively.”’ However, all samples were
collected, transported, and processed under identical conditions
and thus the observed difference in CT viability between samples
most likely represents true biological variation rather than only
variation due to study procedures. Finally, assessment of viability
by V-PCR is solely based on bacterial membrane integrity, leading
to a possible overestimation of bacterial viability, as the presence
of dead bacteria with intact membranes cannot be ruled out.

In conclusion, we demonstrated that in a substantial amount of
rectal samples (52%), viable CT could be detected, irrespective
of reported anal sex or rectal symptoms. These results suggest
that rectal CT in some women might represent a currently
ongoing infection rather than just the presence of remnant DNA
from dead bacteria or only contamination from an active vaginal
CT infection, providing new insight in the debate on the clinical
relevance of rectal CT detection in women.

» Viable Chlamydia trachomatis (CT) load was strongly
correlated to total CT load in rectal samples.

» Viable CT were detected by viability-PCR from rectal swabs in
52% of women with quantifiable samples, while in the other
half of samples (48%), no evidence of viable CT was found.
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