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Abstract

Objectives: Papua New Guinea has among the highest prevalences of sexually transmissible
infections (STIs) globally with no services able to accurately test for anorectal Chlamydia
trachomatis (CT) and Neisseria gonorrhoeae (NG) infections. Here we prospectively evaluated
the diagnostic performance of a molecular CT/NG assay used at the point-of-care (POC) with the
aim of enhancing anorectal ST screening and same-day treatment.

Methods: Men who have sex with men, transgender women and female sex workers taking part
in Papua New Guinea’s first large-scale biobehavioural study were enrolled and asked to provide a
self-collected anorectal swab for POC GeneXpert CT/NG testing. Same-day treatment was offered
if positive. A convenience sample of 396 unique and randomly selected samples were transported
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to Australia for comparison using the Cobas 4800 CT/NG test (Roche Molecular Diagnostics,
Pleasanton, CA, USA).

Results: A total of 326 samples provided valid results by Cobas whereas 70 samples provided
invalid results suggesting inhibition. The positive, negative and overall percentage agreements

of GeneXpert CT/NG for the detection of C. trachomatis were 96.7% (95% CI 92.3%—-98.9%),
95.5% (95% CI 91.3%-98.0%) and 96.0% (95% CI 93.3%-97.8%), and for N. gonorrhoeae were
93.0% (95% CI 86.1%-97.1%), 100.0% (95% CI 98.3%-100.0%) and 97.8% (95% CI 95.6%—
99.1%), respectively.

Conclusions: The overall rate of agreement between the GeneXpert and Cobas CT/NG assays
was high with 96.0% for C. trachomatis and 97.8% for N. gonorrhoeae. Results from this study
data suggest that the GeneXpert CT/NG assay is suitable for testing self-collected anorectal
specimens at the POC and that same-day treatment was feasible.
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Introduction

Sexually transmissible infections (STIs) continue to cause a substantial burden of disease,
particularly among disadvantaged populations [1,2]. Globally, there were 357 million new
cases of curable STIs in 2012, of which 142 million were in the Asia Pacific Region [3].

The STIs Chlamydia trachomatis and Nefsseria gonorrhioeae make up the most substantial
proportion of new cases and are known to infect both the urogenital tract and anorectal
canal. Anorectal infections are usually asymptomatic [4] and are considered a well-known
risk factor for human immunodeficiency virus (HIV) transmission and acquisition associated
with both ulcerative and non-ulcerative STIs [5].

Papua New Guinea is the largest and most populous Pacific island nation and has some

of the highest prevalence of curable STIs in the world [6]. Among pregnant women, the
prevalence of urogenital C. trachomatis ranges from 11.1% in Madang Province, to 23.6%
in the Eastern Highlands Province [7,8]. Among women and girls engaged in the selling and
exchanging of sex in the nation’s capital of Port Moresby, HIV and syphilis prevalence has
been estimated to be 10.0% and 24.2% [9]. In all men, a large cross-sectional study showed
the prevalence of C. trachomatis was 12.8% and that of N. gonorrhoeae was 14.2% from
urogenital samples [10].

The prevalence of anorectal C. trachomatis/ N. gonorrhoeae in women and men has not
been determined in Papua New Guinea, but it is likely to be high based on bio-behavioural
surveys. Papua New Guinea does not conduct routine STI screening because of a lack

of laboratory infrastructure and relies on syndromic treatment algorithms instead [11,12].
Numerous studies have demonstrated the value of testing extra-genital sites. Testing only
urogenital samples in the USA is likely to miss most C. trachomatis and N. gonorrhoeae
infections in men who have sex with men (MSM) and up to 15% of women who report
receptive anal intercourse [13].
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Nucleic acid amplification tests (NAAT) are recommended by the US CDC for the
detection of C. trachomatisand N. gonorrhoeae and have become the standard diagnostic
method when testing genital and extra-genital samples [14]. The GeneXpert (Xpert) C.
trachomatisi N. gonorrhoeae (CT/ING) Test (Cepheid, Sunnyvale, CA, USA) is a real-time
PCR assay that is portable, easy to use and has demonstrated comparable sensitivity and
specificity to established laboratory-based NAAT systems for urogenital C. frachomatis and
N. gonorrhoeae detection [15].

In the context of Papua New Guinea’s first large-scale bio-behavioural study, here we report
on the diagnostic performance characteristics of the Xpert CT/NG Test for the detection of
anorectal infection in MSM, transgender women (TGW) and female sex workers (FSW) at
point-of-care (POC), compared with the laboratory-based Cobas CT/NG 4800 assay [16]
and the feasibility of providing same-day treatment based on Xpert results.

Materials and methods

Overview

This prospective study was conducted as part of a broader bio-behavioural survey, known
locally as Kauntim mi tu, using the Xpert CT/NG method for POC diagnosis. Anorectal
samples available from two study locations were subjected to additional testing using the
Roche Cobas CT/NG 4800 platform to assess the diagnostic performance of the Xpert
CT/NG assay (Roche Molecular Diagnostics, Pleasanton, CA, USA).

Biobehavioural survey study procedures

Using respondent-driven sampling, the Kauntim mi tubio-behavioural survey and sample
collection were undertaken among FSW, MSM and TGW in Port Moresby, National Capital
District (June—-November 2016) and Lae, Morobe Province (January—June 2017), Papua
New Guinea [17]. To take part in this study, FSW had to be born a biological female, be

12 years of age or older, have sold or exchanged sex in the past 6 months, speak English

or Tok Pisin (a form of Melanesian Pidgin English and one of three national languages in
Papua New Guinea [18]). MSM and TGW had to be born a biological male, be 12 years of
age or older, have had anal or oral sex with a male in the past 6 months and speak English or
Tok Pisin. The age of consent was in accordance with Papua New Guinea law and staff were
trained to identify sexually exploited children. If required, referral and a peer support escort
were offered to partner organizations experienced in providing counselling, social and other
protective services to this population.

Following informed verbal consent, and after instruction from a trained healthcare worker,
each participant self-collected an anorectal swab using the privacy of a bathroom attached to
the clinician’s office.

Participants were also asked to avoid cleaning the anal verge to limit a potential reduction in
organism load and to insert the anorectal swab 2—-3 cm inside the rectum. The swab was then
to be rotated three times, removed and placed inside its packaging before being returned to
the clinician.
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Following collection, each swab was placed into an Xpert sample collection tube containing
2.3 mL of universal transport medium (UTM) by the clinician as per the manufacturer’s
instructions (see Fig. 1).

Samples were immediately transferred to the adjacent study field laboratory room and
agitated by hand to ensure that the UTM in each tube was thoroughly mixed with the swab
sample. A 1-mL aliquot of UTM was transferred by a laboratory technician into an Xpert
CT/NG cartridge with a specific sample identification barcode label and tested onsite using
Xpert.

If repeat sample testing was not required, the remaining 1.3 mL of UTM was placed in a
2-mL archive tube, labelled with a sample identification bar code and a unique study code
number and frozen at —80°C.

Individuals with a positive anorectal Xpert CT/NG test result were provided with
information to prevent further infection and given same-day treatment using national STI
guidelines [19]. Drug therapy for men and women consisted of oral amoxil (2 g), pro-
benecid (1 g), augmentin (1 g) and zithromax (1 g); although these recommendations are
under review given that they do not comply with WHO guidelines.

A convenience sample of 396 unique samples was then selected for laboratory reference
testing, as this was approximately 20% of all samples drawn, and as such, a proportion
thought to be sufficiently representative of all Xpert CT/NG tests conducted at the POC.

Ethics approval for this diagnostic accuracy study was received from the Papua New Guinea
IRB (#1508), MRAC (# 15.12), RAC (# RES14004) and UNSW Sydney HREC (# HC/
15355).

Diagnostic evaluation study procedures

A total of 175 positive C. trachomatis or N. gonorrhoeae samples and 221 negative samples
from 101 MSM and TGW, and 295 FSW were chosen for comparative NAAT testing and

by selecting every second sample with a minimum volume of 1 mL. All 396 samples were
transported by air to the New South Wales State Reference Laboratory for HIV & Molecular
Diagnostic Medicine (SydPath) in Sydney, Australia.

Transportation involved dry vapour liquid nitrogen to prevent thawing in transit. On arrival,
all samples were reviewed to ensure that there had been no leakage in transit and were
prepared for blind testing by laboratory staff using the Cobas 4800 CT/NG assay. This
widely used method is approved for use with endocervical swabs, clinician-collected vaginal
swabs, self-collected vaginal swabs, and male and female urine [20].The assay is not cleared
for use with rectal specimens.

Following data quality checks; the entire data set was imported into Stata V14.0 (College
Station, TX, USA) for comparative analysis. The positive percentage agreement (PPA),
negative percentage agreement (NPA) and overall rate of agreement (ORA) were calculated
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using standard US Food and Drug Administration methods for diagnostic tests [21].
Confidence intervals were calculated using exact Clopper—Pearson methods. A comparison
of Xpert C; values was also conducted to determine if there was any difference in the mean
point of C. trachomatis and N. gonorrhoeae organism detection between MSM, TGW and
FSW.

A total of 2135 people consented and participated in this study across two study sites. All
but one participant agreed to undergo Xpert CT/NG anorectal testing. Of those who tested
(n=2134), 144 samples (6.7%) were invalid at the first Xpert test, of which 105 (72.9%)
generated a valid result on repeat testing, leaving 2095 (98%) valid results. Of the 1362
valid C. trachomatis and N. gonorrhoeae anorectal results in FSW, 427 (31.4%) were C.
trachomatis positive, and 292 (21.4%) were N. gonorrhoeae positive. Among 733 valid test
results in MSM and TGW, 61 were C. trachomatis positive (8.3%), and 43 (5.9%) were N.
gonorrhoeae positive. All participants with a positive C. trachomatisl N. gonorrhoeae result
received same-day treatment.

Of the 396 unique samples selected for the comparative NAAT testing, 326 (82.3%)
produced a valid result on the Cobas CT/NG assay. A total of 70 samples (17.7%) generated
invalid results. Repeat testing of those invalid tests was not possible because of insufficient
sample volume. Test operators were blind to clinical information when conducting both the
index and reference tests.

The PPA, NPA and ORA for the combined detection of the Xpert CT assay (Table 1)
compared with Cobas CT were 96.7% (95% Cl 92.3%-98.9%), 95.5% (95% CI 91.3%—
98.0%) and 96.0% (95% CI 93.3%-97.8%), respectively; and for N. gonorrhoeae were
93.0% (95% CI 86.1%-97.1%), 100.0% (95% CI 98.3%~-100.0%) and 97.8% (95% ClI
95.6%-99.1%), respectively.

Table 2 provides a break down of test performance for FSW, MSM and TGW by assay
types. In brief, the PPA by Xpert for C. trachomatis among anorectal samples for FWS
was 96.6% (95% CI 91.7%-99.1%), NPA was 97.7% (95% CI 93.4%-99.5%) and ORA
was 97.2% (95% CI1 94.3%-98.9%). From MSM and TGW the PPA was 96.6% (95% ClI
82.2%-99.9%), NPA was 89.4% (95% CI 76.9%-96.5%) and ORA was 92.1% (95% ClI
83.6%—-97.0%), respectively.

For N. gonorrhoeae among FSWSs, the PPA was 92.3% (95% CI1 84.0%-97.1%), NPA was
100.0% (95% C1 97.9%-100.0%) and ORA was 97.6% (95% CI 94.8%-99.1%). For MSM
and TGW the PPA for N. gonorrhoeae was 100.0% (95% CI 84.6%-100.0%), NPA was
100.0% (95% CI 93.4%-100.0%) and ORA was 100.0% (95% CI 95.3%-100.0%).

Cobas detected five positive C. trachomatis results (1.5%) for which Xpert provided negative
results and Xpert detected eight (2.4%) samples that were negative by Cobas. A review

of the C; values (a semi-quantitative measure of DNA load) for each assay, revealed that

the Cobas-only C. trachomatis-positive samples (n7=5) had high C; values ranging from
34.6 to 38.0 cycles (indicating low chlamydia organism loads in these samples). For the
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Badman et al.

Page 6

Xpert-only C. trachomatis-positive samples (7= 8), the C; value range was slightly higher at
36.8 to 39.3 cycles. For N. gonorrhioeae, Cobas detected seven positive cases (2.1%), which
Xpert did not, with C; values ranging from 34.2 to 37.2 cycles. Xpert did not identify any
additional N. gonorrhoeae cases over the Cobas test.

Low DNA loads also probably accounted for the seven N. gonorrhoeae-positive samples
missed by Xpert, with the Cobas C; results observed for these samples sitting in among the
highest observed values and towards the outer limit of DNA detection (mean cycles 35.5).

A total of 64 dual infections (both C. trachomatis and N. gonorrhoeag) were detected by
GeneXpert and 62 by Cobas 4800. Chlamydia trachomatis was not detected by Cobas in
both cases.

The mean Xpert C; value or point of C. trachomatis DNA detection between all positive
FSW results (28.69 cycles) was significantly lower, indicating higher bacterial loads (p
0.009) present in samples compared with all positive C. frachomatis results for MSM and
TGW (31.28 cycles). No significant difference in C; values was observed for N. gonorrhoeae
between the key population groups (p 0.086). Further comparison of Xpert positive results
against matching Cobas results was not possible given differences in how the two platforms
measure and report C; values.

Discussion

To our knowledge, this is the first study evaluating the diagnostic performance of Xpert
CT/NG where used for POC test and same-day treatment of anorectal specimens among
FSW, MSM and TGW. The combined results for FSW, MSM and TGW show the Xpert
assay had an overall rate of agreement of 96.0% for the detection of C. trachomatis and
97.8% for N. gonorrhoeae compared with established NAAT methods, indicating that few
anorectal C. trachomatisand N. gonorrhoeae infections would be missed by this testing
approach.

Furthermore, the combined negative percentage agreement for C. trachomatis was 95.5%
and for . gonorrhioeae it was 100%, minimizing the potential for misdiagnosis or adverse
relationship events associated with false-positives [22].

The POC testing pathway enabled all 489 individuals with a C. trachomatis infection (23%)
and 336 with an A. gonorrhoeae infection (16.1%) to be provided with information about
the prevention of future STIs and treatment on the same day. A notable difference in C.
trachomatis positivity was seen between MSM and TGW (8.3%), and FSW (31.4%).

Analysis of C; value results suggests that FSWSs also had higher C. trachomatis bacterial
loads than anorectal samples from MSM and TGW. Reasons for this difference may include
self-infection from vaginal fluids, transfer during sex or infection via the intestinal canal
[23,24]. One other study has quantified anorectal bacterial loads in C. trachomatis samples
from both MSM and women and found there was a similar mean log load between the two
groups. This study noted that anorectal C. frachomatis infections among women were often

Clin Microbiol Infect. Author manuscript; available in PMC 2024 April 10.
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concurrent with a urogenital infection and rectal bacterial loads were usually higher than
vaginal loads [25].

A limitation of this study was that 70 samples (17.7%) tested on the Cobas 4800 assay
returned invalid results. Also, there was insufficient transport medium to conduct repeat
tests or to further investigate the basis of the problem. We do not, however, believe this

was due to sample transport or storage given the samples were stored at —80°C before
shipping and transferred by air freight to the reference laboratory using liquid nitrogen,

so the potential for a freeze—thaw effect does not seem likely to be an influencing factor.

We also conducted pilot testing by diluting 36 separate positive and negative samples in
Xpert transport medium and testing these in the Cobas 4800 instrument. A total of 19
anorectal clinical samples were included and no obvious compatibility issue between the
Xpert medium and the Cobas 4800 test was identified despite the latter not being approved
for C. trachomatis and N. gonorrhoeae testing of rectal samples. Results from this study
indicate that is feasible to offer molecular anorectal C. trachomatis and N. gonorrhoeae
testing at the POC in low-middle-income settings if test operator training is stringent and
alternative power methods are used to prevent the loss of results due to fluctuating electricity
supply. Frequent and dedicated molecular instrument maintenance is also required to prevent
impact from dust and humidity. Finally, the C. trachomatis and N. gonorrhoeae positivity
results among MSM, TGW and FSW in this study are based on unweighted data, and should
not be interpreted as prevalence estimates, which need to be calculated factoring in the
response-driven sampling design.

In summary, the overall rate of agreement between the Xpert and Cobas CT/NG assays was
high with 96.0% detection for C. trachomatisand 97.8% for N. gonorrhoeae. Results from
this study data suggest the Xpert CT/NG assay is suitable for testing self-collected anorectal
specimens at the POC and that same-day treatment was feasible.
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Potentially eligible survey
participants

(n=2235)

A 4
Eligible participants
(n=2134)
Excluded patients
—_—— (n=1)
Reason - did not consent

v

GeneXpert CT/NG anorectal POC test for men who have sex
with men, transgender women and female sex workers

(n=2134)
v \ 4
GeneXpert CT/NG GeneXpert CT/NG anorectal POC Test inconclusive
anorectal POC test test positive (n=39)
negative (n = 823; all treated on same day Reason—failed on repeat testing
(n=1272) of test) 98% test success rate overall
\ 4

Cobas CT/NG 4800 reference test

. Test inconclusive
(n = 396; convenience sample—randomly selected)

(n=70)
Reason: failed due to faecal
inhibition?
Unable to repeat due to lack of
sample volume

See Tables 1 and 2 for a
comparative analysis of Cobas
versus GeneXpert results.

Fig. 1.
Flow of participants through the study.
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Table 1

Combined test performance by assay type and pathogen

Page 11

Men who have sex with men, transgender women and female sex
workers

Xpert CT (new test) Positive

Negative

Men who have sex with men, transgender women and female sex
workers

Xpert NG (new test) Positive

Negative

Cobas CT
Positive
144

5

Cobas NG

Positive

93

Negative
8
169

Negative

0
226

Xpert Test Performance % (95% CI)

PPA 96.7% (92.3%-98.9%)
NPA 95.5% (91.3%-98.0%)
ORA 96.0% (93.3%-97.8%)

PPA 93.0% (86.1%-97.1%)
NPA 100.0% (98.3%-100.0%)
ORA 97.8% (95.6%-99.1%)

CT, Chlamydia trachomatis, NG, Neisseria gonorrhoeae, NPA, negative percentage agreement; ORA, overall rate of agreement; PPA, positive

percentage agreement.
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Table 2

Test performance by assay type, pathogen and risk group

Female sex workers Cobas CT
Positive
Xpert CT (new test) Positive 116
Negative 4
Female sex workers Cobas NG
Positive
Xpert NG (new test) Positive 72
Negative 6
Men who have sex with men and transgender women Cobas CT
Positive
Xpert CT (new test) Positive 28
Negative 1
Men who have sex with men and transgender women Cobas NG
Positive
Xpert NG (new test) Positive 22
Negative 0

Negative
3
127

Negative
0
172

Negative

42

Negative

0
54

Xpert Test Performance % (95% CI)

PPA 96.6% (91.7%-99.1%)
NPA 97.7% (93.4%—-99.5%)
ORA 97.2% (94.3%-98.9%)

PPA 92.3% (84.0%-97.1%)
NPA 100.0% (97.9%-100.0%)
ORA 97.6% (94.8%-99.1%)

Xpert Test Performance %

PPA 96.6% (82.2%6-99.9%)
NPA 89.4% (76.9%-96.5%)
ORA 92.1% (83.6%-97.0%)

PPA 100.0% (84.6%-100.0%)
NPA 100.0% (93.4%-100.0%)
ORA 100.0% (95.3%-100.0%)

Page 12

CT, Chlamydia trachomatis, NG, Neisseria gonorrhoeae; NPA, negative percentage agreement; ORA, overall rate of agreement; PPA = positive

percentage agreement.
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