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ABSTRACT

Background Anorectal infections with Chlamydia
trachomatis (CT) are common in women visiting ST
outpatient clinics. We here evaluated the risk posed

by sexual exposure and by alternate anatomical site
infection for incident anorectal and urogenital CT.
Methods Prospective multicentre cohort study,
FemCure. Participants were treated for CT, and after
4,6,8, 10 and 12 weeks, they self-collected anorectal
and urogenital samples (swabs) for CT-DNA testing.
We calculated the proportion with incident CT, that is,
CT incidence (at weeks 6-12) by 2-week time-periods.
Compared with no exposure (A), we estimated the risk
of incident CT for (B) sexual exposure, (C) alternate

site anatomic site infection and (D) both, adjusted for
confounders and expressed as adjusted ORs with 95%
Cls.

Results We analysed data of 385 participants
contributing 1540 2-week periods. The anorectal CT
incidence was 2.9% (39/1343) (95 Cl 1.8t0 3.6); 1.3%
(A), 1.3% (B), 27.8% (C) and 36.7% (D). The ORs were:
0.91(95% (1 0.32 to 2.60) (B), 26.0 (95% CI 7.16 to
94.34) (C), 44.26 (95% Cl 14.38 to 136.21) (D).

The urogenital CT incidence was 3.3% (47/1428) (95%
Cl2.4t04.4);0.7% (A), 1.9% (B), 13.9% (C) and
25.4% (D). The ORs were: 2.73 (95% Cl 0.87 t0 8.61)
(B), 21.77 (95% Cl1 6.70 to 70 71) (C) and 49.66 (95%
C115.37 to 160.41) (D).

Conclusions After initial treatment, an alternate
anatomical site CT infection increased the risk for an
incident CT in women, especially when also sex was
reported. This may suggest a key role for autoinoculation
in the re-establishment or persistence of urogenital and
anorectal chlamydia infections.

BACKGROUND

Chlamydia trachomatis (CT) infections continue to
pose a significant public health problem. There is
an ongoing debate on the importance of anorectal
CT in women, regarding its capacity to cause clinical
disease and onward CT transmission.?®> Anorectal
CT infections are common, with 8% positivity in
women overall,* and 68% in women who have
urogenital CT.°> or with doxycycline 100 mg twice
daily for 7 days is recommended as first-line treat-
ment regardless anatomic site in UK and US, and

for anorectal CT in Europe and Australia,” while
the alternative is a single dose of azithromycin 1000
mg. Both treatments are highly effective in urogen-
ital CT." Two randomised controlled trials in
Men who have sex with men (MSM) demonstrate
substantial lower effectiveness of azithromycin in
anorectal CT."' ' An observational study in women
(FemCure spin-off) showed similar findings'® and
moreover demonstrated that CT treatment fail-
ures frequently (in 75%) represented viable CT.* In
women, two-thirds of anorectal CT are missed in
clinical practice as anorectal testing is not routinely
recommended.'*"'® Most untested anorectal CT are
in women who also have urogenital CT and who
are (usually azithromycin) treated for their urogen-
ital CT.» 2 Anorectal CT may indirectly contribute
to adverse reproductive outcomes if anorectal CT,
by autoinoculation, leads to reinfection of the
vagina.'”" Data are lacking that provide insight
into the role of anorectal CT in urogenital CT (re-)
infection risk and vice versa. We studied this in the
FemCure study, following women for 12 weeks
after initial CT treatment.”’

METHODS

Study design

A prospective  multicentre  cohort  study,
FemCure.?” 2! We analysed data collected between
week 4 and 12 after treatment (figure 1).

Regular STI clinic care

This study was conducted at three Centres for
Sexual Health (STI clinics) in the Netherlands.*
At the routine diagnostic clinic visit, women were
tested for urogenital CT, and by clinic protocol,
some women (based on report of unprotected anal
sex with a (casual) sex partner, in case of sex work
or when having rectal symptoms) were also tested
for anorectal CT.® %

Study enrolment

Women were enrolled between April 2016 and
December 2017 at the treatment visit.”* Eligible
were non-pregnant adult women, 18 years or older
and who had a urogenital or anorectal CT diag-
nosis.”" Participation started after written informed
consent.

BM)

Dukers-Muijrers NHTM, et al. Sex Transm Infect 2022;98:427-437. doi:10.1136/sextrans-2021-055032 427

"1ybuAdoo Ag paroarold
"eIlosU0D 1ydLisee Jo AlsIBAiuN 18 $20Z ‘2 Iudy uo /wod [wg is//:dny woly papeojumoq "gz0z Arenuer /T U0 ZE0SS0-TZ0Z-SURIXSS/9ETT 0T Sk paysiignd 1s1y 11084u| Wsuel | XS


http://sti.bmj.com
http://orcid.org/0000-0003-4896-758X
http://orcid.org/0000-0002-4903-7002
http://orcid.org/0000-0003-4897-4261
http://orcid.org/0000-0002-1236-6224
http://dx.doi.org/10.1136/sextrans-2021-055032
http://dx.doi.org/10.1136/sextrans-2021-055032
http://dx.doi.org/10.1136/sextrans-2021-055032
http://dx.doi.org/10.1136/sextrans-2021-sti.8
http://dx.doi.org/10.1136/sextrans-2021-sti.8
http://crossmark.crossref.org/dialog/?doi=10.1136/sextrans-2021-055032&domain=pdf&date_stamp=2022-08-12
http://sti.bmj.com/

Original research

Patients in the study
|

Included (n=560 patient
ncluded (m , pafients) Excluded: n=36

I vaginal and rectal negative
Chlamydia patients (n=524)
* Anorectal & urogenital n=411
* Single anorectal n=25 Excluded: n=108
*  Single urogenital n=88 Lost to follow-up (week 0-4),
‘ missed sample (week 0-4), or
‘ missed questionnaire (week 0-4)

n=416 patients at week 4
‘ Exchided: n=31

‘ Lost to follow-up (week 6-12),
missed sample (week 4-12). or
missed questionnaire (week 6-12)

n=385 patients with complete data
\

Analyses

Unit: 2-week periods
(total: n=1540)
T ]

Outcome: incident chlamydia (positive
sample preceded by a negative sample)

Anorectal Urogenital
chan:ydm chlan‘lydla Excluded:
¥ T Week 6-12 samples preceded by
Time at risk Time at risk chlamydia positive sample
(2-week (2-week
periods) periods)
n=1343 n=1428
Figure 1  Flow chart of the number of patients in the study and 2-

week periods in analyses.

Measurements

Women self-collected anorectal and urogenital swabs at enrol-
ment at the clinic (week 0), immediately prior to treatment, and
thereafter at weeks 4, 8 and 12 at the clinic, and at weeks 1,
2, 6 and 10 at home (figure 2). A nurse collected oropharyn-
geal swabs at clinic visits. Clinical and demographic data were
collected at enrolment. Around each sample collection moment,
patients completed a structured online questionnaire regarding
their sexual practices in the preceding 2 weeks.?’ Study samples
were tested batchwise afterwards; results were neither provided
to clinicians nor to participants. At week 12, all participants
received standard STI testing and, if indicated, treatment.

Laboratory analyses

Swabs were placed in COBAS buffer for testing with quantita-
tive PCR (qPCR) testing detecting total CT-DNA (Roche Cobas
4800, Roche Diagnostics, Basel, Switzerland), according to
manufacturers’ guidelines. The qPCR cycle quantification (Cq)
threshold values were taken as a proxy for bacterial load. Lower
Cq values represents higher loads and vice versa.”” At clinic
visits, an additional self-taken swab (taken first) was immediately
frozen at —80°C and later tested, using V-PCR, to detect ‘viable
CT’, that is, CT-DNA from intact CT organisms.* **

Ct sequence typing and semen biomarker testing

We performed multilocus sequence typing (MLST) on incident
samples and the previous/current alternate anatomical site sample
in the same woman; we only typed samples with a low Cq value
(<32) because of many test fails with higher Cq values.'* >
Samples of women with incident CT without reported sexual expo-
sure risk were tested for y-chromosomal DNA with real-time PCR
directed at amplification of a region of the Y chromosome targeting
SRY at the sex determining region Y.*” This semen biomarker can
be detected for up to 14 days after condomless intercourse with a
male partner.”’

Outcome

The primary outcome was incident anorectal or urogenital CT.
This was defined as a CT positive sample at week 6, 8, 10 or
12, which was preceded by a CT negative sample from the same
anatomical site, that is, at week 4, 6, 8 or 10.

Main determinant

The main exposure determinant was constructed with four mutu-
ally exclusive categories: (A) no exposure, (B) sexual exposure,
(C) exposure by alternate anatomical site infection and (D) both
(online supplemental table 1).

Sexual exposure at the anorectal site was defined by sexual prac-
tices in past 2 weeks (collected at week 6-12) that we considered
as potentially transmitting CT from a male partner to the anorectal
site of the woman. This included:

1. Receptive anal intercourse or the woman being rimmed.

2. Vaginal intercourse or receiving cunnilingus as these sex
practices occur close to the anorectal site.

3. Anogenital use of fingers or toys.

We included these sex practices irrespective of condom use,
as condom use may not fully protect against CT transmission
in case of condom slippage/breaking or when the penis touches
anatomical sites of a woman during sex.

Sexual exposure at the urogenital site was defined by the same
practices as mentioned above for the anorectal site.

Exposure by the alternate anatomical site infection for incident
anorectal CT was defined as a urogenital CT at the current or
previous 2 week visit, and for incident urogenital CT as a anorectal
CT at the current or previous 2 week visit.

Secondary determinants

We varied the main determinant by restricting sexual expo-
sure to condomless intercourse at the specific anatomical site.
We also adapted the definitions of exposure by the alternate
anatomical site infection by: (A) requiring presence of CT at
the preceding visit and (B) stratifying the alternate anatom-
ical site CT by Cq values (dichotomised by the median value

Diagnosis Enrolment T, T T, Ta Te Ts T T1z
Visit Week O Week 1 Week 2 Week 4 Week 6 Week 8 Week 10 Week 12
clinic clinic home home clinic home clinic home clinic

* > # > * > * > * —l * "'—""** —'-""}* ———p '
Treatment

Week 6-12: included as outcome moments

Figure 2 Study design of the FemCure study and at-risk 2-week periods for incident CT included in the analyses. T =time point at week n.
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Table 1 Incidence of anorectal Chlamydia trachomatis (CT) by exposure category and cofactors for incident CT

Incident CT, n  Time (2 weeks) periods at risk, n Incidence, % OR (95% Cl) aoR (95% CI)
All periods at risk in analyses 39 1343 2.9
Main determinant
Exposure group p<0.001 p<0.001
(A) No sexual exposure and no urogenital 7 559 13 1 1
cT*
(B) Sexual exposure only* 9 717 1.3 1.00 (0.35 t0 2.89) 0.91 (0.32 to 2.60)
(C) Urogenital CT only 5 18 27.8 30.33(7.72t0 119.10)  26.00 (7.16 to 94.34)
(D) Sexual exposure and urogenital CT* 18 49 36.7 45.79 (16.42 to 127.71) 44.26 (14.38 to 136.21)
Secondary determinants
Main determinant with diverse exposure definitions
Exposure group (sex exposure=condomless anal intercourse)
No condomless anal intercourse and no 16 1245 13 Na
urogenital CT
Condomless anal intercourse only 0 31 0
Urogenital CT only 22 66 333
Condomless anal intercourse and urogenital 1 1 100
T
Exposure group: urogenital CT stratified by Cq value (load)
No sexual exposure and no urogenital CT 7 559 13 Na
Sexual exposure only 9 n7 1.3
Urogenital CT Cq-value >32 onlyt 2 15 13.3
Urogenital CT Cg-value <32 onlyt 3 3 100.0
Sexual exposure and urogenital CT Cg- 7 37 18.9
value >32t
Sexual exposure and urogenital CT Cg-value 11 12 91.7
<32t
Exposure group: urogenital CT stratified by viability
No sexual exposure and no urogenital CT 7 559 13 Na
Sexual exposure only 9 ni 1.3
Urogenital CT non-viable only+ 2 12 16.7
Urogenital CT viable only 3 6 50.0
Sexual exposure and urogenital CT non- 1 39 28.2
viable$
Sexual exposure and urogenital CT viable 7 10 70.0
Exposure group (urogenital CT at least atT ) p<0.001 p<0.001
No sexual exposure and no previous 10 571 1.8 1 1
urogenital CT
Sexual exposure only 17 734 2.3 1.33(0.58 to 3.04) 1.20 (0.52 t0 2.77)
Previous urogenital CT only 2 1 18.2 12.47 (2.27 to 68.41) 10.73 (2.36 to 48.74)
Sexual exposure and previous urogenital CT 10 27 37.3 33.00 (12.44 to 87.52)  29.50 (9.97 to 87.22)
Recent urogenital CT (indicative of autoinoculation)
Urogenital CT (atT orT ) p<0.001 p<0.001
No 16 1276 13 1 1
Yes 23 67 343 41.17 (18.95 t0 89.43)  40.50 (18.24 to 89.88)
Urogenital CT (at least atT ) p<0.001 p<0.001
No 27 1305 2.1 1 1
Yes 12 38 31.6 21.85(10.06 to 47.50)  20.17 (9.00 to 45.24)
Urogenital CT (atT_orT ) p<0.001 p<0.001
No 16 1276 13 1 1
Yes, Cg-value >321 9 52 17.3 16.48 (6.74 to 40.32) 16.44 (6.02 to 44.90)
Yes, Cg-value <321t 14 15 933 1102.50 (151.08 to 1663.49 (274.50 to
8045.27) 10080.78)
Urogenital CT (atT orT ) p<0.001 p<0.001
No 16 1276 13 1 1
Yes, non-viablet 13 51 25.5 26.94 (11.42 t0 63.56)  25.94 (10.31 to 65.29)
Yes, viable 10 16 62.5 131.25 (31.86 to 149.64 (33.03 to 677.98)

Urogenital CT (atT_orT )

540.71)

Continued
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Table 1 Continued
Incident CT, n  Time (2 weeks) periods at risk, n Incidence, % OR (95% Cl) aoR (95% Cl)
No 16 1276 1.3 1 1
Yes, Cg-value >32 and non-viablet# 5 6 83.3 393.75 (42.52 to 467.00 (55.92 to
3646.68) 3913.83)
Yes, Cg-value <32 or viablet 18 61 29.5 32.97 (14.93t0 72.79)  31.88(13.94 to 72.92)
CT at week 0 and week 4: urogenital, anorectal or oral CT
Urogenital CT at week 0 (enrolment) and 4 p<0.001 p<0.001
(treatment failure)
No 0 83 0 - -
Yes, at week 0 but not at week 4 31 1207 2.6 1 1
Yes, at week 0 and at week 4 (treatment 8 53 15.1 6.74 (2.93 to 15.50) 6.44 (2.34 to 17.74)
failure)
Anorectal CT at week 0 (enrolment) and 4 p<0.001 p<0.001
(treatment failure)
No 4 270 1.5 0.53(0.18 t0 1.53) 0.47 (0.16 to 1.35)
Yes, at week 0 but not at week 4 29 1041 2.8 1 1
Yes, at week 0 and at week 4 (treatment 6 32 15.4 8.05 (2.45 to 26.48) 8.45 (2.70 to 26.40)
failure)
Oral CT at week 0 (enrolment) p=0.760
No 36 1221 2.9 1
Yes 3 122 25 0.83 (0.25 to 2.75)
Sex practices (past 2 weeks) (indicative of sexual route)
Total number of sex partners p=0.481
0 12 578 2.1 1
1 23 672 34 1.67 (0.82 to 3.43)
2 3 70 43 2.11(0.55 to 8.06)
3-5 1 23 43 2.14(0.29 to 15.61)
New sex partners p=0.176
No new sex partners 29 1087 2.7 1
1 new sex partner 7 219 3.2 1.21 (0.51 to 2.85)
2-5 new sex partners 3 37 8.1 3.22(0.94 to 11.05)
Anal intercourse p=0.952
No 38 1293 29 1
Yes, protected by condoms 1 32 3.1 1.07 (0.14 t0 8.29)
Yes, unprotected by condoms (condomless) 0 18 0 -
Total number of times anal intercourse (anal p=0.832
sex acts)
0 38 1293 2.9 18§
1 1 42 24 0.81 (0.11 t0 6.01)
2-4 0 8 0 -
Anogenital use toys/fingers p=0.838
No 35 1218 29 1
Yes 4 125 3.2 1.12 (0.39 t0 3.24)
Being rimmed (oro-anal sex) p=0.151
No 36 1297 2.8 1
Yes 3 46 6.5 2.44 (0.72 to 8.27)
Vaginal intercourse p=0.324
No 13 584 2.2 1
Yes, protected by condoms 21 565 3.7 1.16 (0.40 to 3.37)
Yes, unprotected by condoms (condomless) 5 194 2.6 1.70 (0.83 to 3.46)
Vaginal intercourse p=0.010 p=0.018
No vaginal intercourse or protected with 14 606 23 1 1
treated partner
Protected with untreated partner or 7 404 1.7 0.75(0.29t0 1.91) 0.69 (0.27 to 1.80)
condomless with treated partner
Condomless with untreated (or unknown 18 333 5.4 2.42 (1.18 to 4.94) 2.21 (1.07 to 4.58)
treated) partner
Total times vaginal intercourse (vaginal sex acts) p=0.426
0 13 584 22 1

Continued
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Table 1 Continued
Incident CT, n  Time (2 weeks) periods at risk, n Incidence, % OR (95% Cl) aoR (95% Cl)
1-2 8 204 39 1.79 (0.75 to 4.27)
3-5 4 191 2.1 0.94 (0.32 t0 2.80)
6-9 5 172 29 1.32 (0.45 to 3.85)
>=10 9 192 4.7 2.16 (0.88 t0 5.31)
Practice fellatio (oro-penile sex) p=0.347
No 21 825 25 1
Yes 18 518 3.5 1.38 (0.71 t0 2.69)
Receiving cunningulus (oro-vaginal sex) p=0.403
No 24 912 2.6 1
Yes 15 431 35 1.33(0.68 t0 2.62)
Current clinical factors
Urogenital symptoms p=0.035 p=0.118
No 27 1103 2.4 1 1
Yes 12 240 5.0 2.10 (1.05 to 4.18) 1.82 (0.86 to 3.84)
Anorectal symptoms
No 39 1338 2.9 Na
Yes 0 5 0
Currently having menses p=0.219
No 36 1151 3.1 1
Yes 3 192 1.6 0.49 (0.16 to 1.52)

Results of univariable and multivariable logistic regression analyses (with Odds Ratio (OR) and 95% Cl).
*Sexual exposure (anal exposure): vaginal intercourse with or without condoms, anal intercourse with or without condoms, being rimmed, anogenital fingers/toys and receiving

cunningulus.
Cq value was averaged over T and T _, in case both time-points were CT positive.

$Non-viable category also includes samples for which viability assessment could not be performed (this was only performed on subset of time-points).

§Not corrected for repeated measures due to problems with model convergence.
qlin Bold: statistically significant (p<0.05)

aOR, OR from the multivariable model that includes either the main determinant or any of the secondary determinants, and all potential confounders (treatment at week 0, study
site, age, background and education); Cq, cycle quantification; Na, not applicable/not assessed.

of 32) and by viability test results. Other secondary determi-
nants included a range of laboratory results, sexual practices
and clinical factors, outlined in tables 1 and 2.%°

Statistical analyses
The aim was to assess the risk of incident CT detection for cate-
gories A-D in the main determinant.

Data were analysed on the level of 2 week periods, and
we used risk periods as unit of analysis. This means that
for each sample taken at week 6, 8, 10 or 12, the sexual
behaviour collected at the same time points (concerning the
preceding 2-week interval), and CT at the alternate anatom-
ical site (assessed at the same time or at the visit 2 weeks
previously), were analysed (online supplemental table 1). We
only analysed time at risk; for 2 weeks after a CT infection,
people were not considered to be at risk.

We calculated proportions of incident CT by dividing the
number of incident detections by the number of time at-risk
periods, separately for each anatomical site.

To assess risks, we used multivariable logistic regression
analyses controlling for repeated measurements in a person,
using generalised estimating equations, expressing the odds
of infection for each exposure category, relative to the refer-
ence category as ORs and 95% CI.

The main determinant and secondary determinants were
evaluated.

The multivariable models included the main determinant and
all potential confounders, that is, treatment type at week 0, study
site, age, background and education.

We defined determinants as statistically significant, when the
determinants’ overall p was <0.05, or p was <0.10 when the
determinant had more than two categories and p was <0.05 for
at least one of the categories.

For patients with incident CT, we described and compared
(using KrusKall-Wallis test) their median Cq values for
various exposure categories. We also described the propor-
tion of incident CT followed by positive samples and order
of incident CT by anatomical site.

All analyses were performed using SPSS (IBM Corp. IBM
SPSS Statistics for Windows, Version 24. Armonk, NY, USA).

RESULTS

Main population

In total, 1763 women were invited to participate, 560 (31.8%)
were enrolled, and 416 women still participated at week 4.'* Of
those, 385 completed the study through samples and through
questionnaires collected at weeks 6, 8, 10 and 12 (online supple-
mental table 2 for characteristics). They contributed 1343 at-risk
periods to evaluate incident anorectal CT and 1428 risk periods
to evaluate urogenital CT (figure 1).

Women with incident CT

There were 19 women who had incident anorectal CT only, of
whom four had two incident CT, thus who in total had 23 inci-
dent anorectal CT (online supplemental figure 1). There were 29
women who had incident urogenital CT only, of whom four had
two incident CT, thus who in total contributed 31 incident urogen-
ital CT. There were 16 women who had both incident anorectal and
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Table 2 Incidence of urogenital Chlamydia trachomatis (CT) by exposure category and cofactors for incident CT)
Time (2 weeks)
Total Incident CT, n periods at risk, n Incidence % OR (95% CI) aoR (95% CI)
All periods at risk in analyses 47 1428 33
Main determinant
(A) No sexual exposure and no anorectal CT* 4 556 0.7 1 1
(B) Sexual exposure only* 14 722 1.9 2.73 (0.89 to 8.36) 2.73 (0.87 to 8.61)
(C) Anorectal CT onlyt 1" 79 13.9 22.32 (6.79 to 73.44) 21.77 (6.70 to 70.71)
(D) Sexual exposure and anorectal CT~ 18 7 25.4 46.87 (14.69 to 149.49) 49.66 (15.37 to 160.41)
Secondary determinants
Main determinant with adapted exposure definitions
Exposure group (sex exposure=condomless vaginal intercourse) p<0.001 p<0.001
No condomless vaginal intercourse and no anorectal CT 8 744 1.1 1 1
Condomless vaginal intercourse only 10 534 1.9 1.76 (0.69 to 4.48) 1.72 (0.65 to 4.51)
Anorectal CT only 13 95 13.7 14.59 (5.94 to 38.03) 14.15 (5.06 to 39.55)
Condomless vaginal intercourse and anorectal CT 16 55 29.1 37.00 (14.25 to 99.97) 38.61(13.84 to 107.68)
Exposure group: anorectal CT stratified by Cq value (load)
No sexual exposure and no anorectal CT 556 0.7 Na
Sexual exposure only 14 722 1.9
Anorectal CT Cg-value >32 only 27 222
Anorectal CT Cg-value <32 only 5 52 9.6
Sexual exposure and anorectal CT Cq-value >32 7 23 30.4
Sexual exposure and anorectal CT Cg-value <32 " 48 229
Exposure group: anorectal CT stratified by viability
No sexual exposure and no anorectal CT 556 0.7 Na
Sexual exposure only 14 722 1.9
Anorectal CT non-viable only 34 11.8
Anorectal CT viable only 7 45 15.6
Sexual exposure and anorectal CT non-viablet " 43 256
Sexual exposure and anorectal CT viable 7 28 25.0
Exposure group (anorectal CT at least at T ) p<0.001 p<0.001
No sexual exposure and no previous anorectal CT 8 571 1.8 1 1
Sexual exposure only 21 734 2.3 2.07 (0.91 to 4.73) 2.06 (0.87 to 4.89)
Previous anorectal CT only 8 69 18.2 9.23 (3.30 to 25.79) 7.72 (2.98 to 20.04)
Sexual exposure and previous anorectal CT 10 54 37.3 15.99 (5.99 to 46.05) 14.25 (5.03 to 40.35)
Recent anorectal CT (indicative of autoinoculation)
Anorectal CT (atT orT ) p<0.001 p<0.001
No 18 1278 14 1 1
Yes 29 150 193 41.17 (18.95 to 89.43) 40.50 (18.24 to 89.88)
Anorectal CT (at least at T ) p<0.001 p<0.001
No 29 1305 2.2 1 1
Yes 18 123 14.6 21.85 (10.06 to 47.50) 20.17 (9.00 to 45.24)
Anorectal CT (atT_orT ) p<0.001 p<0.001
No 18 1278 14 1 1
Yes, Cg-value >32 13 50 26.0 24.60 (10.34 to 58.48) 26.10 (9.94 to 68.58)
Yes, Cg-value <32 16 100 16.0 13.33 (6.27 to 28.36) 14.18 (5.81 to 34.65)
Anorectal CT (atT orT ,) p<0.001 p<0.001
No 18 1278 14 1 1
Yes, non-viablet 15 77 19.5 16.94 (7.76 to 36.94) 17.85 (7.32 to 43.54)
Yes, viable 14 73 19.2 16.61 (7.20 to 38.31) 16.81 (6.59 to 42.90)
Anorectal CT (atT_orT ) p<0.001 p<0.001
No 18 1278 14 1 1
Yes, Cg-value >32 and non-viablet 13 66 19.7 17.17 (7.56 to 39.01) 18.51(7.27 to 47.15)
Yes, Cg-value <32 or viable 16 84 19.0 16.47 (7.50 to 36.17) 16.33 (6.61 to 40.34)
CT at week 0 and week 4: urogenital, anorectal or oral CT
Urogenital CT at week 0 (enrolment) and 4 (treatment failure) p=0.716
No 0 84 0 =
Yes, at week 0 but not at week 4 46 1303 3.5 1
Yes, at week 0 and at week 4 (treatment failure) 1 41 2.4 0.68 (0.09 to 5.33)
Anorectal CT at week 0 (enrolment) and 4 (treatment failure) p<0.001 p<0.001
No 4 266 1.5 0.53(0.18 t0 1.53) 0.47 (0.16 to 1.35)

Continued
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Table 2 Continued

Total

Incident CT, n

Time (2 weeks)
periods at risk, n

Incidence %

OR (95% Cl)

aOR (95% Cl)

Yes, at week 0 but not at week 4

Yes, at week 0 and at week 4 (treatment failure)
Oral CT at week 0 (enrolment)

No

Yes

24
19

41
6

Sex practices (past 2 weeks) (indicative of sexual transmission)

Total number of sex partners
0
1
2
3-5
New sex partners
No new sex partners
1 new sex partner
2-5 new sex partners
Anal intercourse
No
Yes, protected by condoms
Yes, unprotected by condoms (condomless)
Total number of times anal intercourse (anal sex acts)
0
1
2-4
Anogenital use toys/fingers
No
Yes
Being rimmed (oro-anal sex)
No
Yes
Vaginal intercourse
No
Yes, protected by condoms
Yes, unprotected by condoms (condomless)
Vaginal intercourse

No vaginal intercourse or protected with treated partner
Protected with untreated partner or condomless with treated

partner

Condomless with untreated (or unknown treated) partner

Total times vaginal intercourse (vaginal sex acts)
0
1-2
3-5
6-9
=10
Practice fellatio (oro-penile sex)
No
Yes
Receiving cunningulus (oro-vaginal sex)
No
Yes
Current clinical factors
Urogenital symptoms
No
Yes
Anorectal symptoms
No
Yes

Current having menses

15
23
7
2
32
10

47

43

47

16

26

16
12

19

16
10

23
24

24

23

38

43

1030
132

1296
132

639
688
75
26

1159
228
4

1379
18
31

1379
40

1298
130

1383
45

642
197
589

665
411

352

642
217
203
174
192

888
540

981

447

1181

247

1423

23
14.4

32
4.5

23
33
9.3
7.1

2.8
4.4
12.2

33
3.1

25
25
4.4

24
2.9

5.4

25
46
44
40
26

26
4.4

24

5.1

32
3.6

1
8.05 (2.45 to 26.48)
p=0.398

1

1.46 (0.61 to 3.49)

p=0.027
1

1.44 (0.72 t0 2.86)
4.28 (1.65 to 11.14)
3.47 (0.73 0 16.54)
p=0.019

1

1,62 (0.78 10 3.33)
4.89 (1.53 to 15.64)

Na

Na

p=0.883
1
0.92 (0.34 to 2.56)

Na

p=0.171
1

1.02 (0.36 to 2.89)
1.81(0.93 t0 3.52)
p=0.056

1

1.22 (0.56 to 2.67)

231 (1.13 to 4.75)
p=0.452

1

1.89 (0.83 10 3.31
1.82 (0.78 0 4.25
1.64 (0.65 0 4.14)
1.05 (0.37 t0 2.95
p=0.074

1

1.75 (0.95 t0 3.23)
p=0.013

1

2.16 (1.78 t0 3.97)

)
)
)
)

p=0.737
1
1.14 (0.54 to 2.41)

Na

p=0.127

1
8.45 (2.70 to 26.40)

p=0.013
1

1.42 (0.70 to 2.87)
4.81 (1.78 to 13.02)
5.18 (1.07 to 25.15)
p=0.011

1

1.72 (0.84 to 3.55)
5.50 (1.70 to 17.80)

p=0.081
1
1.30 (0.58 to 2.88)

2.32(1.09 to 4.92)

p=0.006
1
2.46 (1.29 to 4.69)

Continued
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Table 2 Continued

Time (2 weeks)

Total Incident CT, n periods at risk, n Incidence % OR (95% ClI) aOoR (95% Cl)
No 44 1233 3.6 1
Yes 3 205 1.5 0.40 (0.12 to 1.30)

Results of univariable and multivariable logistic regression analyses (with Odds Ratio (OR) and 95% Cl).

*Sexual exposure (anal exposure): vaginal intercourse with or without condoms, anal intercourse with or without condoms, being rimmed, anogenital fingers/toys and receiving cunningulus.
t0ne incident CT showed a different strain than observed at the vagina at week 0, which may point to sexual exposure; thus, one case might have been misclassified from group D.
$Non-viable category also includes samples for which viability assessment could not be performed (this was only performed on subset of time-points).

§Cq value was averaged over T and T, in case both time-points were CT positive.

9lin Bold: statistically significant (p<0.05)

aOR, OR from the multivariable model that includes the main determinant or any of the secondary determinants, and all potential confounders (treatment at week 0, study site, age, background
and education); Cq, cycle quantification; Na, not applicable/not assessed.

urogenital CT (none had more than one incident CT at an anatom- Evaluating secondary determinants, adjusting for poten-
ical site). In total, 64 women contributed incident CT; 35 women tial confounders, incidence of anorectal CT was higher in
contributed 39 incident anorectal CT and 45 women contributed women who had a previous/current urogenital CT, espe-
47 incident urogenital CT. cially with a low urogenital CT Cq value (proxy for higher

CT load) or with viable urogenital CT present. Moreover,
Incident anorectal CT and associated factors incident anorectal CT was associated with a longer period
The proportion of 2-week risk periods with incident anorectal with the previous CT result, that is, anorectal or urogen-
CT was 2.9% (39/1343) (95% CI: 2.1 to 3.9). The odds for inci- ital CT as measured at week 4. Finally, incident anorectal
dent anorectal CT were higher with a previous/current urogen- CT was associated with having condomless vaginal inter-
ital CT (exposure category C) and when having both a previous/ course with an untreated (or unknown treatment status) sex
current urogenital CT and sexual exposure (D) (table 1). partner.

Table 3 Number and proportion of incident Chlamydia trachomatis (CT) infections at week 6-12 after treatment, by initial treatment type (at
week 0), by test result at enrolment (week 0) and result at week 4 (je, likely treatment failure in case positive at week 4), in 385 women, FemCure,
2016-2017

Incident anorectal CT at 6-12 weeks after  Incident urogenital CT at 6-12 weeks after

treatment treatment
Incident Time (2 weeks) Time (2 weeks)
CcT periods at risk Incidence Incident CT  periods at risk Incidence

By week 0 and 4 result, and initial treatment (N= number of patients) n N % n N %

Azithromycin treated at week 0 (n=245)

Patients with anorectal and urogenital CT at week 0 (n=192) 24 601 4.0 34 696 49
And anorectal CT positive at week 4 (n=40) 6 17 35.3 19 113 16.8
And anorectal negative at week 4 (n=152) 18 584 3.1 15 583 2.6
And urogenital CT positive at week 4 (n=14) 3 31 9.7 0 30 0
And urogenital CT negative at week 4 (n=178) 21 570 3.7 34 666 5.1

Patients with single anorectal CT at week 0 (n=1) 0 0 0 4 0
And anorectal CT positive at week 4 (n=0) 0 0 0 0 0
And anorectal CT negative at week 4 (n=1) 0 0 0 0

Patients with single urogenital CT at week 0 (n=52) 4 202 2.0 2 198 0.5
And urogenital CT positive at week 4 (n=2) 2 5 40.0 0 1 0
And urogenital CT negative at week 4 (n=50) 2 197 1.0 2 197 1.0

Doxycycline treated at week 0 (n=140)

Patients with anorectal and urogenital CT at week 0 (n=102) 1 389 2.8 9 382 2.4
And anorectal CT positive at week 4 (n=4) 0 12 0 0 15 0
And anorectal negative at week 4 (n=98) 1" 377 2.9 9 367 2.5
And urogenital CT positive at week 4 (n=5) 3 16 18.8 0 9 0
And urogenital CT negative at week 4 (n=97) 8 373 2.1 9 373 2.4

Patients with single anorectal CT at week 0 (n=20) 0 79 0 0 80 0
And anorectal CT positive at week 4 (n=1) 0 3 0 0 4 0
And anorectal CT negative at week 4 (n=19) 0 76 0 0 76 0

Patients with single urogenital CT at week 0 (n=18) 0 68 0 2 68 29
And urogenital CT positive at week 4 (n=1) 0 1 0 1 1 100.0
And urogenital CT negative at week 4 (n=17) 0 67 0 1 67 1.5

bold indicates the totals (numbers and proportions)
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Table 4 Number of incident anorectal and urogenital Chlamydia trachomatis (CT) infections, test result of subsequent samples and cycle
quantification (CQ) threshold of CT positive samples, in women at 6-12 weeks after treatment

Incident Incident Incident
Incident CT with  Incident CT with Incident CT with  Incident anorectal  urogenital both at Incident
subsequent subsequent subsequent anorectal  firstthen  firstthen  the same urogenital
Incident CT sample(s) sample negative sample positive only urogenital anorectal visit only
Anorectal CT
N N n n/N (%) n/N n/N n/N n/N n/N
Total 39 33 10 23/33 (69.7) 23/39 1/39 4/39 11/39 0
By rectal exposure*
A. No sexual exposure 7 5 2 3/9 (60.0) 77 0/7 0/7 017
B. Sexual exposure only 9 8 5 3/4 (37.5) 8/9 119 0/9 0/9
C. Urogenital CT only 5 4 1 3/8 (75.0) 2/5 0/5 0/5 3/5
D. Sexual exposure and urogenital CT 18 16 2 14/12 (87.5) 6/18 0/18 418 6/18
Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Cq value 37.9(35.9-39.1)  37.9(35.9-39.3) 38.7(37.9-39.6)  37.2(34.7-38.7)t
Vaginal CT
N N n n/N (%) n/N n/N n/N n/N
Total 47 40 18 22/40 (55.0) 0 1/47 4/47 11/47 31/47
By vaginal exposure
A. No sexual exposure 4 3 2 1(33.3) 0/4 1/4 0/4 3/4
B. Sexual exposure only 14 12 6 6 (50.0) 014 314 0/14 1114
C. Anorectal CT only " 9 6 3(333) 0/11 0/11 311 8/11
D. Sexual exposure and anorectal CT 18 16 4 12 (75.0) 1mnm8 0/18 8/18 9/18
Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Cq value 36.2 (30.3-38.9)  36.7 (31.2-38.8) 38.7(37.0-39.2)  31.6(28.8-36.1)f

*Sexual exposure: vaginal intercourse, anal intercourse, receptive oro-anal sex, anogenital fingers/toys and cunningulus.
1P=0.042 compared with incident CT with subsequent sample negative; lower Cq value represents higher bacterial load.
$P<0.001 compared with incident CT with subsequent sample negative; lower Cq value represents higher bacterial load.

Incident urogenital CT and associated factors
The proportion of 2-week risk periods with incident urogen-
ital CT between week 6-12 post-treatment was 3.3% (47/1428)
(95% CI 2.4 to 4.4).

The odds for having incident urogenital CT were higher with
a previous/current anorectal CT (C) and when having both a
previous/current anorectal CT and sexual exposure (D) (table 2).

Evaluating secondary determinants, adjusting for poten-
tial confounders, incidence of urogenital CT was higher with a
previous/current anorectal CT and when having both a previous/
current anorectal CT and condomless vaginal intercourse. Inci-
dence was higher in women who had a previous/current anorectal
CT regardless of anorectal CT Cq-value or viability. Moreover,
incident urogenital CT was associated with a anorectal CT at
week 4, representing possible anorectal treatment failure. Other
sexual exposure factors found to be associated were two or more
recent sex partners, having condomless vaginal intercourse with an
untreated (or unknown treatment status) sex partner and receiving
cunnilingus.

See table 3 for anorectal and urogenital CT incidence by
moment of previous test result and initial treatment.

y-DNA assessment and sequence typing

All 12 incident anorectal CT samples and 15 incident urogenital
CT samples that had no sexual exposure reported (groups A and
C), as well as their same-week collected alternate anatomical site
sample, were assessed for y-DNA. None contained y-DNA. We
could evaluate by MLST: 6/23 patients with incident anorectal
CT who also had urogenital CT, and 5/29 patients with incident
urogenital CT who also had anorectal site CT both sites. In all,
the strain was the same at the two anatomical sites. In 32 women
with a typed incident CT, we could also type the week 0 samples;
of these, eight had a different strain at follow-up (of whom seven

reported recent sex) (see online supplemental table 3 and online
supplemental figure 1).

Chlamydia and load in incident and subsequent positive
samples

No women with incident anorectal CT reported anal symptoms.
Nine (19.1%) women with incident urogenital CT reported urogen-
ital symptoms. Of women with incident anorectal CT, 69.7%, and
of women with incident urogenital CT, 55.0% (p=0.007) had
subsequent positive samples (table 4). Incident samples with subse-
quent positive samples showed a lower median Cq value compared
with incident samples with subsequent negative samples.

DISCUSSION

This prospective observational multicentre study in female outpa-
tient STI clinic attendees assessed the incidence of anorectal and
urogenital CT between 6 and 12 weeks after regular treatment and
assessed the risk of sexual exposure, of an alternate site CT infec-
tion in a woman, and the combination of both.

For each 2-week period (at risk), anorectal CT incidence was
2.9% and urogenital CT incidence was 3.3%. The risk for inci-
dent CT was increased in women who did not report sex but had
a previous/current CT at the alternate anatomical site. This may
suggest autoinoculation, from the anorectal to the urogenital site
and vice versa, in which factors as hygiene practices may also play
a role. The risk for incident CT further increased when a woman
had CT at the alternate site and also reported sex. This may reflect
sexual transmission, autoinoculation, or both, for example, sex
enhanced autoinoculation. Notably, a high vaginal CT load (or
when viable) increased the risk for incident rectal CT even further.
This study is the first study in human data to provide evidence
for an autoinoculation process and in line with previous estimated
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probabilities (1% per day) in a mathematical model.”® We also
evaluated various sexual practices, and several (unprotected sex
with an untreated partner, cunnilingus and =2 recent sex partners)
were associated with incident anorectal or vaginal CT. Unfortu-
nately, we could not assess the contributions of the sexual practices
independently of each other and independently of the alternate
anatomical site CT.

Alternate anatomical site CT may have been caused by sexual
transmission but also by failed initial treatment, as indicated by
CT at week 4. Indeed, having an anorectal CT at week 4 (indi-
cating treatment failure) was associated with an incident vaginal
CT. Of incident urogenital CT who had anorectal CT exposure,
8/11 (group C) and 9/18 (group D) had anorectal CT at week 4.
Of incident anorectal CT who had urogenital CT exposure, 2/5
(group C) and 6/18 (group D) had urogenital CT at week 4.

Strengths of this study include the study population, that is,
women, for whom scarce anorectal CT data are available and
the multicentre design involving three large STI clinics. Also, the
rigorous and detailed prospective data collection, including two
alternate anatomical sites within one study, exploring sexual trans-
mission and autoinoculation simultaneously and adjustment for
putative confounders are strengths. We studied a range of possible
exposures, including sexual practices, and CT at various anatom-
ical sites, CT load and viability.

We also recognise limitations. Confounding could not be ruled
out but minimised by adjusting for various factors in analyses.
Misclassification of exposures could have occurred. While under-
reporting of anal sex is possible, this should not lead to major bias
since women who practice anal sex usually also practice vaginal
sex,” and in the sexual exposure, we also included women who
had vaginal sex. In incident CT without reported sexual exposure,
no y-DNA was detected. Still, there were few incident CT without
any exposure (group A), that is, 18%), 7/39 of anorectal incident CT
and 9%, 4/47 of urogenital incident CT. These might represent a
possible persistent infection with on—off effects in the qPCR around
the detection limit. Another explanation is transmission by unre-
ported sex where y-DNA could no longer be detected (eg, cunnin-
gulus at 14 days ago) or when the y-DNA was cleared within 14
days. Exposure misclassification could also have occurred by our
definition of exposure by the alternate anatomical site infection,
that is, previous/current alternate site CT. However, exclusion of the

= In women, azithromycin treatment in anorectal chlamydia is
unsuccessful in about 20%, with the potential of subsequent
reinfection of the vagina through autoinoculation.

= In women followed 2-weekly between week 4-12 after initial
treatment, anorectal CT incidence was 2.9% (39/1343), and
urogenital CT incidence was 3.3% (47/1428).

= Incident anorectal and urogenital CT were associated with a
previous Chlamydia trachomatis at the alternate anatomical
site, suggesting autoinoculation, as well as with sexual
exposure.

= We found that 55% of incident urogenital and 70% of
incident anorectal infections subsequently persisted for at
least 2 weeks.

= Autoinoculation of chlamydia from the rectum to the vagina
and vice versa may play a key role in the re-establishment
or persistence of chlamydia infection in women, in case of
suboptimal treatment or lack of anorectal testing, or in case
of sexual (re-)exposure.

current alternate site CT still revealed strong associations. To further
exclude potential bias, we performed sequence typing and, though
incomplete, MLST revealed the same strains in both incident and
alternate anatomic site CT in a woman; of note, a same strain does
not rule out a possible reinfection from the same partner. Outcome
misclassification may also be present. As our NAAT did not have
an internal human cell detection control, we could not rule out
that negative NAAT results were due to inadequate self-sampling.
Possibly, we may have had false negative/positive results in samples
with a low bacterial load around the detection limit. We acknowl-
edge that, by using self-collection methods to assess CT, we theoreti-
cally might have missed infections higher in the columnal cells. Also,
we acknowledge that NAAT detects CT-DNA, thus viable or non-
viable CT. Finally, participants originated from STI clinic practice
and likely are not fully representative for the general population.”
Compared with all CT diagnosed STI clinic women, in FemCure,
women with either high or low educational level (compare to
middle), women without a history of STI and non-Western migrant
women were under-represented.?!

What are clinical implications? Call is to focus CT management
on preventing sequelae.' Repeat urogenital infections may increase
the risk for sequelae.'® *® Persisting undetected anorectal CT may, in
initially urogenital CT treated women, lead to subsequent reinfec-
tion of the urogenital site. Autoinoculation might be mechanically
enhanced by sex, suboptimal hygiene practices or represent a ping-
pong effect though an intermediate host, that is, a sexual partner.
Moreover, it is possible that urogenital reinfections are acquired
via a CT infected or transient positive sexual partner. Any CT
management strategy in women should include partner treatment
and advise condom use with new partners and untreated partners.
In women themselves, we may need to extend CT management to
treating untested anorectal CT, using a treatment that is optimal for
both urogenital and anorectal CT. This would mean abandoning
azithromycin and moving to universal doxycycline as now recom-
mended by UK and US guidelines.®> When such a universal treat-
ment strategy is accompanied by selective anorectal testing to detect
and treat (at least part of the) single anorectal CT, this would leave
only a very small part of all anorectal CT untreated. The importance
of single anorectal CT infections in women is not straightforward.
Single anorectal CT is not common and may clear spontaneously
(28%) in women.’® Whether universal doxycycline use, potentially
in combination with selective anorectal testing, in women is cost-
effective is unknown. Furthermore, even though anorectal CT is
prevalent, often untested, untreated or suboptimally treated, we
acknowledge that the absolute numbers of anorectal CT that will
lead to an incident and persisting urogenital CT and, most impor-
tant, sequelae, is unknown. Finally, universal doxycycline use in
women should be carefully evaluated, given some limitations, as
described before.'

In conclusion, in the context of current routine STI clinic care,
CT re-exposure by a treated woman’s own alternate anatomical
site, alone or in combination with sexual practices may play a key
role in the persistence of chlamydia infection in women.
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