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Abstract. Background: The aim of this study was to compare the performance of pooled self-collected
urogenital, pharyngeal and anorectal specimens to that of individual specimen results for the molecular detection of
Chlamydia trachomatis (CT) and Neisseria gonorrhoeae (NG) near the point of care (POC) for diagnostic sensitivity.
Methods: Clients (mostly men who have sex with men) attending an urban community testing service and three sex-on-
premises venues in Brisbane, Australia, were offered CT and NG testing by trained lay providers. Participants provided
three self-collected specimens (urine, pharyngeal and rectal) for testing by GeneXpert (Cepheid, Sunnyvale, CA, USA). If
any of the individual specimens from a participant were positive, all three specimens were pooled and retested.
Results: Of the 388 participants who provided three individual anatomical specimens, 76 (19.6%) were found to be
positive for CT and/or NG at one or more sites. The pooling approach failed to detect five CT rectal and four NG
pharyngeal infections. The overall performance (sensitivity) of the pooling approach compared with individual
specimen testing and Cohen’s k were 90.0% and 0.86 respectively for CT and 89.7% and 0.89 respectively for NG.
Conclusions: Reduced sensitivity was observed when using pooled specimens for the detection of CT and NG using
GeneXpert near the POC, similar to results reported in laboratory-based CT and NG pooling studies. These data suggest
specimen pooling is feasible near to the POC, potentially saving time and costs when screening at-risk populations for
CT and NG. Our data also suggest a reduction in pooled urine could improve overall test sensitivity.

Additional keywords: community, diagnostics, GeneXpert, men who have sex with men (MSM), peer,
sexually transmissible infection (STI).
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Introduction

Globally, it is estimated there are 131 million incident cases of
Chlamydia trachomatis (CT) and 78 million incident cases of
Neisseria gonorrhoeae (NG) infection each year.1 Both CT and
NG can infect multiple anatomical sites, including urogenital,

pharyngeal and anorectal sites in males and females.2–7

Infections are transmissible and often asymptomatic,8 so
early detection and treatment of CT and NG rely on regular,
comprehensive and effective testing of multiple anatomical
sites for those at risk.4 For men who have sex with men
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(MSM), it is recognised that individuals may present with
rectal and pharyngeal infections in the absence of genital
infection.5,9 The Australian sexually transmissible infection
(STI) management guidelines8 recommend that urethral,
anorectal and pharyngeal testing is conducted up to four
times a year for asymptomatic MSM depending on sexual
practices. More recently, several studies have indicated the
need to screen for rectal CT and NG among women,3,4,10–12

even in the absence of specific risk factors.7,13

However, testing multiple anatomical sites from the same
person can increase costs and workload, and can be particularly
onerous if trying to implement screening at or near the point of
care (POC). To minimise testing costs and workload, three
studies (n = 1064,14 n = 10015 and n = 10716) have investigated
whether individual specimens from multiple anatomical sites
can be pooled into one combined specimen for molecular
testing. Two of these laboratory-based studies, conducted by
experienced laboratory scientists and using the Aptima Combo
2 assay (Hologic, San Diego, CA, USA) and Abbott Real-time
CT/NG test (Abbott, Chicago, IL, USA), identified a reduced
sensitivity in the detection of both CT (92% and 90%
respectively) and NG (90% and 91.7% respectively) using
pooled urine, pharyngeal and rectal specimens.14,15 However,
a third study using the GeneXpert (Xpert) CT/NG assay
(Cepheid, Sunnyvale, CA, USA) observed 94% sensitivity
for CT and 100% sensitivity for NG.16

TheXpert CT/NG assay is US Food andDrugAdministration
(FDA) approved for use in detecting urogenital CT and NG
infections. Notably, the Xpert system is regarded as being
suitable for POC testing,17 and studies conducted in Australia
indicate it is well accepted as a POC method by clinical staff.18

Previous studies found the performance of the Xpert CT/NG
assay also compares favourably with established laboratory-
based assays,16–18 including for use in testing anorectal
specimens at the POC.19 The Xpert CT/NG assay uses internal
quality controls (sample adequacy and sample processing
controls) in conjunction with predefined specimen cycling
(maximum of 45) to determine the presence of DNA and
establish specified test cut-off points and result types.

In this study, the performance of pooled urine, pharyngeal
and rectal specimens compared with individual anatomical
specimens in the Xpert CT/NG assay was further evaluated.
Here, testing was conducted near the POC by trained lay
providers who identify with the key population being
targeted. These trained lay providers were existing service
staff who identify as MSM and had already been trained in
the provision of rapid HIV and syphilis POC testing for clients.
Further training was provided in the use of the Xpert CT/NG
assay, and standard operating procedures were established to
ensure continuity and quality of testing. Day-to-day results and
referral for treatment were supervised by a clinic physician.

Methods
Study design
This study was conducted in an established urban community
clinic in Brisbane, Australia, providing free STI testing
services. The clinic commenced trained lay provider-
facilitated HIV and syphilis rapid POC testing predominately

for MSM in August 2014. Acknowledging a gap in service,
molecular POC testing using the Xpert CT/NG assay was
introduced in March 2017.

This study undertook prospective consecutive sampling
and recruitment of participants presenting at four testing
locations (a community clinic and three sex-on-premises
venues) from March 2017 to March 2018. Individuals aged
�16 years were offered CT and NG testing in addition to
HIV and/or syphilis rapid tests. Written consent was
obtained before specimen collection.

Trained lay providers assisted each participant in making
informed choices regarding anatomical sites to be tested based
on individual risk factors. Participants who provided three
individual specimens (urine, pharyngeal and rectal swabs)
were included in the pooling comparison.

Participants at the four testing locations were guided
through a self-collection instruction sheet (RAPID standard
operating procedure; Queensland Positive People, Brisbane,
Qld, Australia, pers. comm.) and asked to provide a first-
pass urine specimen in a sterile container and further
pharyngeal and rectal specimens using a different flocked
swab for each collection. Participants were directed to the
bathroom and, after collection, each swab was placed in a
specimen transport tube by the participant with 2.3 mL
Cepheid-manufactured universal transport medium (UTM).
All three specimens were immediately returned to the trained
lay providers, and neat urine was added to the specimen
collection tube within 2 h to preserve DNA, in accordance
with the manufacturer’s instructions.20

All specimens collected at the sex-on-premises venues
were transferred back to the main clinic at the end of each
period of testing in insulated containers for CT and NG POC
testing. Because individual pharyngeal and rectal specimen
testing occurred using an off-label method, the technique
for specimen preparation and processing followed the
manufacturer’s instructions for vaginal specimens.21

Specimen processing and pooling methods
For individual specimen testing on Xpert, 1 mL of UTM from
the swab tubes or urine container was transferred by disposable
pipette into an Xpert CT/NG assay cartridge specimen chamber
before being tested in a 16-module Xpert instrument at the
clinic. Time to result for all specimen types was approximately
90 min. If one or more anatomical specimens per participant
provided a ‘detected’ result, then all three individual specimens
were pooled and retested. The pooling method used in the
present study has been described previously.16 Briefly, 1 mL of
UTM from each of the pharyngeal and rectal swab specimen
tubes was placed into an empty Cepheid urine collection tube. A
further 7 mL of urine was added, providing a total volume of
9 mL for the pooled specimen. The pooled specimen was then
inverted 10 times before a 1-mL aliquot of the pooled specimen
was tested as described above.

Where possible, pooled specimens were tested on the
same day as the individual specimens. However, this was not
always possible due to clinic operating hours. Consequently, 51
of 76 of pooled specimens (67.1%) were tested on the same day
as the individual specimens, 22 of 76 (28.9%) were tested the
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following day and three (3.9%) were tested within 3 days. Neat
urine specimens were stored at room temperature for up to
3 days and in accordance with the manufacturer’s instructions.22

All samples were subjected to a predefined 45 cycles of
testing for the detection of DNA, and samples produced
either a ‘detected’ or ‘not detected’ result. Quality control
was managed by internal sample adequacy and sample
processing measures, plus monthly external CT and NG
controls. All test results were recorded by a barcode number
on a laptop computer connected to the Xpert system and
transferred manually by trained lay providers to the clinic
database.

We also conducted a laboratory experiment to determine if a
reduction in urine volume from 7 to 1 mL (to minimise dilution
of the swab samples) may improve detection in specimens.
This experiment was conducted using a CT-positive clinical
specimen and diluted in Cepheid UTM to provide a
‘base dilution’ sample with a Ct value of ~37.5 cycles
(i.e. equivalent to the median Ct value observed for the five
CT-positive rectal specimens not detected by pooling).

The base dilution sample was prepared and tested in three
different ways (15 replicates for each): (1) 2 mL base dilution
was added to 15 empty Cepheid transport tubes to emulate the
same volume as 1 mL from an individual pharyngeal sample
and 1 mL from a rectal sample before the addition of urine
(Approach A); (2) 2 mL base dilution and 1 mL neat urine
(known to be negative for both CT and NG) were added to a
further 15 tubes (Approach B); and (3) 2 mL base dilution and
7 mL of neat urine were added to another 15 tubes
(Approach C). All 45 specimens were tested on the Xpert
system as outlined above, on the same day and in batches of 15.

Ethical considerations
The study was granted ethics approval by The University of
Queensland Human Ethics Research Committee (UQHREC
2016001764, Therapeutic Goods Administration Clinical
Trial Notification (CTN) Scheme Clinical Trial Number
00812-1).

Statistical analysis
Individual anatomical site results were compared with the
corresponding pooled specimen results to determine relative
sensitivity, by infection type and anatomical site, in conjunction
with 95% confidence intervals (CI) using standard methods.23

Test result agreement was assessed using Cohen’s k statistic.23

Cycle threshold (Ct) values (a semiquantitative marker of DNA
concentration) of individual and pooled specimens were
compared using paired-sample t-tests,23 Mann–Whitney
tests23 and Wilcoxon signed-rank tests.23 Statistical analyses
were performed using IBM SPSS Statistics for Windows,
version 24.0. (IBM Corp., Armonk, NY, USA). An estimated
percentage of pooled sensitivity was used to inform sample size
calculation.

Data access
As per the approved study protocol, access to these data is
limited to named investigators and trained lay providers and
remains the property of the participating service providers.

Access to these data may be considered by contacting the
corresponding author. Access to the full study protocol is
available on request.

Results

In all, 388 participants provided three individual anatomical
specimens. On initial individual testing, 1.5% (6/388) of
specimens returned an invalid result (one urine, one rectal,
four pharyngeal). Of these, 83.3% (5/6) produced a valid result
on retesting. Only one pharyngeal specimen returned a second
invalid result, and this participant’s result was excluded from
the analyses. Fig. 1 provides a summary of the study flow,
with results of individual and pooled tests included in the
concordance analysis.

CT and/or NG was detected in one or more individual
anatomical specimens for 79 participants (20.4%). In all, 76
of the 79 participants with infection detected (96.2%) were
eligible for inclusion in the pooling evaluation study; three
(3.8%) participants were excluded due to specimen processing
errors. Of the 76 eligible participants, 37 (48.7%), 26 (34.2%)
and 13 (17.1%) had CT, NG or both CT and NG respectively.
The median age of the 76 participants was 29 years
(interquartile range (IQR) 24.0–37.75 years). Seventy-four
participants (97.4%) identified as a male, with 67 of 74
(90.5%) reporting sex exclusively with men, and a further
five (6.8%) reporting both male and female sexual partners.
Of the remaining 2 of 76 participants (2.6%), one identified as
female and one identified as transgender. Participants from sex-
on-premises venues accounted for 38 of the 76 eligible for the
pooling study (50.0%).

Performance of pooled testing

The agreement (k) between individual and pooled results
was 0.860 (95% CI 0.742–0.979) for CT and 0.895 (95% CI
0.795–0.995) for NG. Sensitivity and negative predictive value
data are provided in Tables 1 and 2. Of note are the sensitivities
of the pooling method for CT and NG (90.0% and 89.7%
respectively). Eight of 76 specimens with CT and/or NG
present were not detected using the pooling method. These
comprised five rectal swabs by individual CT testing processed
on Day 0 (n = 1) and Day 1 (n = 4) after individual specimen
processing, and four pharyngeal swabs that detected NG tested
on Day 0 (n = 1), Day 1 (n = 2) and Day 2 (n = 1) after individual
specimen processing.

The Ct values for these specimens are provided in Tables S1
and S2, available as Supplementary Material to this paper. The
Ct values for individual specimens (median 37.5 cycles for CT;
32.9 and 34.1 cycles for NG, given Xpert has two targets for
gonorrhoea, NG2 and NG4) were significantly higher for rectal
CT (P = 0.001) and pharyngeal NG (NG2, P = 0.003; NG4,
P = 0.002) than those observed for specimens providing
‘detected’ results by pooling (Table S3). This suggests low
bacterial loads are more likely to lead to false-negative results
when specimens are pooled.

Eight swab specimens with relatively late Ct values (i.e. low
bacterial loads) provided nine false-negative results via the
pooling strategy (one individual specimen was positive for
both CT and NG and negative for both on pooling).
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The results of the additional laboratory experiment are
summarised in Table S4. Nine, four and one of 15 replicates
from Approaches A, B and C respectively provided ‘detected’
results for CT. The detection of replicates using Approach A
was not significantly greater than that using Approach B
(P = 0.14). Approach C detected significantly fewer
replicates than Approach A (P = 0.0067), and although
Approach B detected more replicates than Approach C, the
difference was not statistically significant (P = 0.330).

Discussion

Overall, the results of the present study indicate that the pooling
of specimens to increase the throughput of CT and NG testing at
or near to the POC is feasible, but comes at a cost to assay

Participants providing urine, pharyngeal and rectal specimens for testing (n = 388)

Initial invalid result (n = 6) Initial valid result (n = 382)

Valid repeat test result (n = 5)Invalid repeat test result (n = 1)

Total valid results (n = 387)

CT/NG not detected on
individual specimens (n = 308)

CT/NG detected on one or more
individual specimens (n = 79)

Pooling

Cases excluded due to
pooling procedural error (n = 3)

Matched individual and pooled test results
included in analysis (n = 76)

CT (n = 50) NG (n = 39)

Concordant individual
and pooled CT result

(n = 45)

Concordant individual
and pooled NG result

(n = 35)

Discordant individual
and pooled CT result

(n = 5)

Discordant individual
and pooled NG result

(n = 4)

Fig. 1. Summary of GeneXpert CT/NG assay (Cepheid, Sunnyvale, CA, USA) point-of-care testing and results included in concordance
analysis for individual and pooled specimens. CT, Chlamydia trachomatis; NG, Neisseria gonorrhoeae.

Table 1. Performance (sensitivity) of pooled specimen testing for
Chlamydia trachomatis (CT) and Neisseria gonorrhoeae (NG) using
the GeneXpert CT/NG (Xpert) assay (Cepheid, Sunnyvale, CA, USA)

CI, confidence interval

Xpert individual test Test performance
(%; 95% CI)

Detected Not detected

Xpert pooled test
CT 90.0 (77.4–96.3)

Detected 45 0
Not detected 5 26

NG 89.7 (74.8–96.7)
Detected 35 0
Not detected 4 37
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sensitivity. Notably, the use of pooling resulted in Xpert
sensitivity decreasing to approximately 90% for both CT and
NG. These sensitivity data are similar to sensitivities reported
by previous laboratory-based studies examining the use of
pooling on both the Aptima Combo 2 and Abbott Real-time
CT/NG assays (90–92%),14,15 suggesting there may be inherent
limitations to the pooling approach that may affect all CT and
NG molecular assays. Results from the present study appear to
suggest overdilution of swab specimens containing low CT and
NG DNA loads is a key problem. This is particularly relevant
when people only have an extragenital infection, especially
asymptomatic pharyngeal or rectal infections, both of which
may harbour lower organism loads than urogenital infections,24

and when relatively large volumes of CT- and NG-negative
urine are pooled with the rectal and pharyngeal swab specimens.
The role of urea and organic acid inhibitors contained in neat
urine, and their potential effects on test sensitivity, cannot be
excluded when 7 mL is combined with the two swabs from
different anatomical sites.

The issue of lower organism loads impeding detection by the
pooling approach was further demonstrated by our additional
pooling experiment. Of note, significantly more replicates were
detected by Approach A (which was representative of testing
individual swab specimens) than with Approach C (which used
the same pooling volumes as per our clinical specimen testing).
Although decreasing the volume of urine in Approach B (1 mL
instead of 7 mL) did show some improvement compared with
Approach C, the results were not statistically significant.
Nevertheless, the results obtained using Approach B are
encouraging and suggest further research around pooling
volumes is warranted. We will be using Approach B in
parallel with individual testing in our ongoing POC studies.
Future studies may also want to consider the value of pooling
only two specimens, such as urine and a rectal swab, as a means
of improving CT and NG detection, especially if resources are
limited and the need for separate treatment modalities for
urogenital and anorectal CT and NG infections are to be
maintained.

Notwithstanding the results described above, POC testing
(as opposed to laboratory-based methods) can still achieve
unquestionable benefits in terms of screening and the of
number of people subsequently treated, even if test
sensitivity is lower than clinically preferred. In fact, previous
mathematical modelling has indicated POC tests of moderate

sensitivity (as low as 50%) can still be of value, particularly in
populations where people are unlikely to return for treatment or
where the delay in treatment would result in significant STI
transmission.25 Thus, the 90% sensitivity achieved here could
still be quite advantageous, especially for individuals who
have an asymptomatic STI, and ongoing transmission can be
interrupted. The potential cost savings for low-resource settings
using a pooling methodology would also be significant. Results
from the additional laboratory-based experiment suggest the
sensitivity for CT and NG detection could be improved using a
reduction in urine volume from 7 to 1 mL in the preparation of
the pooled specimen. A refined pooling method will be
implemented in Phase 2 of this study to determine whether
test sensitivity increases as a result of this volume reduction.

Of further interest in this study is the overall k agreement
between the individual and pooled sampling results which was
high when testing was conducted by trained peer lay providers
near the POC. Initially we were concerned that asking
lay providers to implement a pooling approach could
unnecessarily complicate POC testing methods and lead to
sample handling errors. Overall, study results and testing in
the hands of lay providers are promising and further highlight
the feasibility of using pooled specimens near to the POC. The
study results also highlight the importance of offering testing
services that cover both urogenital and extragenital infections.
If only urine specimens from these 76 participants had been
tested, then 82.0% (41/50) of CT infections and 84.6% (33/39)
of NG infections would have been missed.

We were also intrigued by the fact that two individual
pharyngeal specimens that provided NG ‘detected’ results
and were negative by pooling actually delivered Ct values
for one NG target each in the pooled specimen (see
Table S2; note, the Xpert NG test has two NG detection
targets and both need to react to report a ‘detected’ NG result).

These results suggest the false-negative pooled specimens
were on the edge of the detection limit of the Xpert assay and
DNA could not be reliably detected for both NG targets.

This study has several limitations. First, due to a lack of
funding, the specimens were not forwarded to a laboratory for
comparative CT and NG testing. Therefore, we were unable to
assess the performance of the trained lay providers or Xpert
results against laboratory-based nucleic acid amplification
(NAAT) testing. Similarly, only participants’ specimens with
infection detected in any one of their individual specimens

Table 2. Performance of the pooled specimen testing for Chlamydia trachomatis (CT) and Neisseria
gonorrhoeae (NG) by anatomical site

CI, confidence interval; N/A, not applicable

Anatomical site/s
of infection

Chlamydia trachomatis Neisseria gonorrhoeae
Individual

(n)
Pooled
(n)

Pooled sensitivity
(%; 95% CI)

Individual
(n)

Pooled
(n)

Pooled sensitivity
(%; 95% CI)

Urine only 7 7 100.0 0 0 N/A
Pharynx only 3 3 100.0 20 16 80.0 (55.7–93.4)
Rectum only 33 28 84.8 (67.3–94.3) 7 7 100.0
Urine + pharynx 0 0 N/A 1 1 100.0
Urine + rectum 2 2 100.0 3 3 100.0
Pharynx + rectum 5 5 100.0 6 6 100.0
Urine + pharynx + rectum 0 0 N/A 2 2 100.0
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progressed to the pooling strategy. For this reason we were
unable to perform any assessment of the specificity or negative
predictive value of pooled samples (i.e. by testing of negative
specimens) and our future studies need to take this into account.
Similarly, the risk of sample contamination, environmental or
otherwise, during the pooling process could not be investigated,
but this risk was mitigated by participation in and satisfactory
results from quality assurance testing.

The sensitivity of pooled CT and NG testing compared with
the testing of individual anatomical specimens when using
Xpert in the hands of trained lay providers was 90.0%
(95% CI 77.4–96.3) for CT and 89.7% (95% CI 74.8–96.7)
for NG. Overall, these pilot data suggest specimen pooling is
feasible near to the POC when clinical testing guidelines are
followed, and that significant time and costs could potentially be
saved when screening at-risk populations for CT and NG, plus
asymptomatic individuals and those living in low-resource
settings. A second study will be conducted to determine if a
reduction in the pooled urine volume improves test sensitivity
for CT and NG detection near the POC.
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