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ORIGINAL ARTICLE

Detection of Neisseria gonorrhoeae and Chlamydia
trachomatis from pooled rectal, pharyngeal and urine
specimens in men who have sex with men

David John Speers,"? I-Ly Joanna Chua,' Justin Manuel,? Lewis Marshal

ABSTRACT

Objectives Screening of men who have sex with men
(MSM) for Chlamydia trachomatis (CT) and Neisseria
gonorrhoeae (NG) requires sampling from anorectal

and pharyngeal sites in addition to urogenital sampling.
Due to the cost of testing multiple anatomical sites
individually testing of pooled specimens has potential
merit. The Cepheid GeneXpert CT/NG assay (GeneXpert),
which also has potential for point-of-care nucleic acid
testing in the sexual health clinic, has not been assessed
for pooled specimen testing.

Methods We prospectively compared GeneXpert
testing of pooled pharyngeal and rectal swabs with
urine samples to standard of care testing of individual
specimens from 107 participants using the Roche cobas
4800 CT/NG assay (cobas) for CT and NG in high-risk
MSM attending an inner city sexual health clinic.
Results We found testing of pooled pharyngeal, rectal
and urine samples by the GeneXpert to have 100%
agreement for NG and 94% overall agreement for CT
when compared with individual specimen testing by
cobas. For CT testing, 14 cases were detected for both
tests, 4for cobas only, 2 for GeneXpert only and 89
participants were negative for both tests.

Conclusions Pooled specimen CT and NG testing by
the GeneXpert was accurate when compared with single
specimen testing and has potential for screening MSM
for CT and NG. The role of pooled specimen testing with
the GeneXpert as a point-of-care nucleic acid test in
MSM requires further investigation.

INTRODUCTION

Chlamydia trachomatis (CT) and Neisseria gonor-
rhoeae (NG) are the most common STIs in men
who have sex with men (MSM) with rates that
continue to rise." Since these infections are often
asymptomatic, accurate diagnosis in MSM is critical
to limit the transmission of CT and NG by ensuring
early and appropriate treatment and to help reduce
the risk of acquiring HIV infection.”* Nucleic acid
amplification tests (NAAT) are now recommended
by international guidelines to screen MSM for
extragenital CT and NG infections.*’

The Centers for Disease Control and Preven-
tion has reported rectal prevalence in MSM for
chlamydia of 8.9% and 5.4% for gonorrhoea, with
a pharyngeal prevalence of 1.6% and 5.3%, respec-
tively.” Due to this high prevalence, it is recom-
mended that rectal and pharyngeal specimens are
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collected in addition to urethral or urine speci-
mens to avoid missed infections.” While there are
no NAATs licensed for use with extragenital spec-
imens, these platforms reliably detect pharyngeal
and rectal CT and NG in MSM.*'* However,
testing both genital and extragenital sites to deter-
mine the infection status is costly and requires more
laboratory resources.'!

Testing of pooled pharyngeal, urethral and rectal
specimens is one potential cost-effective solution
for diagnosing chlamydia and gonorrhoea in MSM,
but only if there is no compromise in sensitivity and
specificity. This is of particular concern for pooling
specimens from extragenital sites due to the recog-
nised lower CT and NG organism burden at these
sites and the risk of false NG positives when using
NAAT platforms due to the presence of non-gono-
coccal Neisseria spp.'” There are limited data on
the use of NAATs for the detection of CT and
NG using pooled specimens. Sultan ef al'' studied
pharyngeal, rectal and urine specimens in MSM
by comparing single sample analysis with pooled
remaining samples using the Aptima Combo 2
TMA assay (AC2) (Hologic, San Diego, CA, USA).
For their cohort of 164 CT and 288 NG detections
from single sample testing they found the sensitivity
of pooled sampling to be slightly lower but not
significantly different (p=0.167) for CT (92% vs
96%); however, pooled sampling was significantly
lower (p<0.001) for NG (90% vs 99%), resulting
in 13 missed CT infections and 31 missed NG infec-
tions. Interestingly, pooled testing detected six CT
and four NG infections that were missed by single
sample testing.

The GeneXpert CT/NG PCR assay (GeneX-
pert) (Cepheid, Sunnyvale, CA), which detects two
chromosomal NG targets, NG2 and NG4, and one
chromosomal CT target, CT1, is Food and Drug
Administration approved for the detection of CT
and NG from urogenital sites. This assay has poten-
tial application as a point-of-care (POC) NAAT™" as
it can be used with minimal operator training, has
a small bench space footprint and provides results
in a much shorter time frame than conventional
testing (90 min). The GeneXpert was found to have
a sensitivity of 10NG genome copies per reaction
and no false-positive results when 236 non-gono-
coccal Neisseria spp and closely related species were
tested.'® However, there are limited data on the use
of the GeneXpert for extragenital specimens.” °
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When compared with the AC2, this test had lower sensitivity
for the detection of pharyngeal and rectal CT and NG but the
number of AC2 detections was relatively small.

The aim of this study was to evaluate the GeneXpert for
testing of pooled rectal, throat and urine specimens from MSM
attending an inner city sexual health clinic. The performance of
the GeneXpert using pooled urogenital and extragenital speci-
mens was compared with standard-of-care individual specimen
testing using a second PCR assay, the cobas 4800 CT/NG assay
(cobas) (Roche Molecular Diagnostics, Indianapolis, IN), in
MSM at higher risk of chlamydia and gonorrhoea.

MATERIALS AND METHODS

Participants

The participant cohort was recruited from an inner city sexual
health clinic managed by the Western Australia AIDS Council.
Presentations of high-risk MSM, including contacts of partners
diagnosed with NG and/or CT infection and symptomatic MSM,
were invited to participate between January 2016 and December
2016 and consent obtained. Those who had recently received
antibiotics within 1 month of presentation were excluded.

Specimen collection

Dual head swabs (Medical Wire & Equipment, Wiltshire,
England) were employed for pharyngeal and rectal sampling to
facilitate the prospective pooled specimen and the single spec-
imen processing from a single collection and without the need to
re-elute the swabs. After consent, one rectal swab and first void
urine specimen were self-collected following verbal and written
instruction by the trained clinic staff, and one throat swab was
obtained by clinic staff from each participant. The dual head
swabs were divided on receipt in the laboratory with one swab
head used for pooled testing and the second for standard-of-care
NG and CT laboratory single specimen testing. A 7 mL aliquot of
urine was separated for pooled testing from the primary collec-
tion container prior to standard-of-care urine testing. The 7 mL
volume was chosen as this was the manufacturer’s recommended
volume for urine processing using the GeneXpert Urine Collec-
tion Kit.

Pooling of specimens

The throat and rectal swab heads and 7 mL of urine were added
into the GeneXpert Urine Specimen Collection Kit, vortexed
for 30s and then inoculated into the GeneXpert CT/NG test
cartridge.

Laboratory methods

The GeneXpert was chosen for pooled specimen testing as this
platform is a viable POC NAAT option for sexual health clinics
and readily amenable to pooling of swab and urine specimens in
the one cartridge, thus avoiding the reagent cost of testing three
specimens from each client. To provide a more direct compar-
ison of the GeneXpert as a pooled specimen NAAT to our stan-
dard laboratory platform (cobas) without the potential biases of
POC testing, we compared pooled testing with the GeneXpert to
single specimen testing using the cobas in a controlled laboratory
environment.

All specimens were stored according to manufacturer’s instruc-
tions. Single specimens were processed by the cobas method for
NG and CT detection according to the manufacturer’s instruc-
tions. Extragenital specimens that were positive on the cobas
were confirmed using a validated in-house PCR assay. This assay
employs real-time multiplex PCR detection of three targets for

both CT and NG which has equivalent sensitivity and specificity
to the previously published tandem PCR assay.'* Pooled speci-
mens inoculated into the GeneXpert Urine Collection Kit were
tested according to manufacturer’s instruction for urine testing.
For the interpretation as positive for NG, both the NG2 and
NG4 targets must be detected.

Interpretation of test results

Specimens positive or negative by both pooled and individual
specimen testing were considered concordant. The in-house
PCR assay was performed on all discrepant specimens. In addi-
tion, GeneXpert negative pooled specimens with a positive cobas
result underwent repeat GeneXpert testing using the remaining
unprocessed pooled primary specimen stored at 4°C. Retesting
of GeneXpert positive but cobas negative swabs was not possible
due to the processing of the swabs for primary testing.

Statistical methods
Statistical analysis was performed using GraphPad Prism soft-
ware (GraphPad Software, San Diego, California, USA).

RESULTS

Participant clinical characteristics

The average age of the 107 participants was 32 years (range
17-71 years), of which 3 were confirmed and 1 self-reported to
be living with HIV. There were 55 symptomatic presentations,
23 asymptomatic NG contacts, 16 asymptomatic CT contacts, 1
each of an asymptomatic contact of an HIV case and a syphilis
case, and 13 asymptomatic screens. Two participants presented
twice at least 3 months apart. There were 20 (19%) participants
positive for CT by one (6) or both (14) methods, and 34 (31.8%)
positive for NG by both methods. Five participants who had a
throat and urine specimen but no rectal swab collected were

included.

Performance of pooled testing

The comparative results of the pooled testing by the GeneX-
pert and the single specimen testing by the cobas are shown in
table 1. There was complete agreement for the NG results. When
comparing the CT results between the two methods the overall
agreement was good at 94% (kappa coefficient 0.791, 95% CI
0.631 to 0.952) and not significantly different (p=0.683) by
the McNemar’s test. To further differentiate the discrepant
CT results and to control for agreement by chance the posi-
tive percent agreement (PPA), the proportion of positive cobas
results that were GeneXpert positive, and the negative percent
agreement (NPA), the proportion of negative cobas results that
were GeneXpert negative were compared. This showed a lower

Table 1 Comparison between GeneXpert pooled sample and cobas
individual sample testing for detection of NG and CT

Organism Assay comparison
cobas
Detected Not detected  Total
Chlamydia GeneXpert  Detected 14 2 16
trachomatis Not detected 4 89 93
Total 18 91 93
Neisseria GeneXpert  Detected 34 0 34
gonorrhoeae Not detected 0 75 75
Total 34 75 109

CT, Chlamydia trachomatis; NG, Neisseria gonorrhoeae.
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PPA (14/18=78%) for the CT results when compared with the
NPA (89/91=98%).

Anatomical sites of infection
Opverall, there were 51NG and 19 CT specimen detections in 34
and 18 presentations, respectively, by cobas. Detection of NG
was most common from throat swab (19 detections) compared
with urine (17 detections) or rectal swab (14 detections). In
contrast, CT was more commonly detected from rectal swab
(nine detections) and urine (eight detections) compared with
throat swab (two detections). There were 17 single site positives
for NG, 12 dual site positives and 3 triple site positives by cobas.
Of the 16 presentations with a single positive specimen for CT
by cobas, 13 (81%) were detected by GeneXpert and 3 were
negative. Of the eight presentations with only a positive rectal
swab by cobas, there were six detections by GeneXpert. There
were two presentations with two sites positive by cobas, both of
which were detected by GeneXpert, and no presentations with
all three sites positive for CT. There were 16 NG detections and
10 CT detections from rectal and/or throat swabs only by cobas.
The mean cycling threshold (Ct) value, which is inversely
proportional to the genome copy number, for CT detections
was 29.4 for positive GeneXpert pooled specimen testing and
33.3 (throat swab 30.2, urine 32.6, rectal swab 33.7) for positive
cobas single specimen testing. The mean Ct for NG detections
was also lower for positive pooled specimen testing (21.2 and
20.5 for target NG2 and NG4, respectively) than for positive
single specimen testing (30.0). Urine detections for NG had the
lowest mean Ct (25.7) compared with rectal swab (31.4) and
throat swab (31.9) detections, despite the fact that throat swabs
were more commonly positive.

Discrepant chlamydia result analysis

Of the 20 CT detections by either method, there were 6
discrepant results, 2 were detected by pooled specimen GeneX-
pert testing but not single specimen cobas testing, and 4 were
detected by single specimen cobas testing but not pooled GeneX-
pert specimen testing. Samples from these participants were
further analysed by in-house PCR testing and repeating the

Table 2 Analysis of the six discrepant CT participant results

Participant GeneXpert Specimen cobas In-house PCR
1 Detected Urine ND Pooled
Throat swab  ND specimen
Rectal swab  ND Detected
2 Detected Urine ND ND
Throat swab ~ ND ND
Rectal swab  ND Detected
3 ND (detected on repeat) Urine ND ND
Throat swab  ND ND
Rectal swab  Detected  Detected
4 ND (ND on repeat) Urine ND ND
Throat swab  ND ND
Rectal swab  Detected  Detected
5 ND (ND on repeat) Urine ND ND
Throat swab  ND ND
Rectal swab  Detected  Detected
6 ND (ND on repeat) Urine ND ND
Throat swab  Detected ~ ND
Rectal swab  ND ND

CT, Chlamydia trachomatis; ND, not detected.

pooled specimen testing (table 2). For participant 1, the single
specimens could not be retrieved for in-house PCR testing, such
that only the remaining pooled specimen could be tested. This
confirmed the detection of CT in the pooled specimen. Of the
remaining five participants with discrepant CT results, four were
positive only in the rectal swab specimen, three of which were
detected in single specimen testing only and one was detected in
pooled specimen testing only. One of the three single specimen
detections was positive on repeat testing of the pooled specimen.
The pooled specimen mean Ct for missed single specimen detec-
tion was higher than for overall CT detection (35.4 vs 29.4) and
the single specimen mean Ct for missed pooled testing was also
higher (38.0 vs 33.3). The remaining participant’s throat swab
was positive for chlamydia with a high Ct (40.4 vs 33.3) which
could not be confirmed by in-house PCR testing.

DISCUSSION

Pooling of urine specimens from multiple individuals has been
shown to be sensitive and specific for CT testing®® ** and the
effectiveness of pooling specimens from different anatomical
sites within an individual for CT and NG detection has been
demonstrated previously.!! These workers tested throat and
rectal swabs and urine samples in MSM using the AC2 assay and
demonstrated high negative predictive values for pooled sample
testing.

This study has further explored the possibility of testing for
CT and NG using pooled specimens from MSM by comparing
pooled samples tested by the GeneXpert with testing of single
specimens using another commonly employed NAAT, the cobas.
The GeneXpert has been evaluated against well-characterised
bacterial strains and found to have high analytical sensitivity
and specificity.”> Moreover, in clinical studies it has demon-
strated good performance in comparison to the AC2 and to the
ProbeTec ET C. trachomatis and N. gonorrhoeae amplified DNA
assay (Becton, Dickinson, Sparks, MD)'” and to the cobas.'® **
However, to our knowledge, there is no prospective analysis
comparing the GeneXpert and cobas for urogenital specimens
and extragenital specimens or pooled specimens in MSM.

In our inner city sexual health clinic setting, we found the
performance of the GeneXpert for the detection of NG in
pooled specimens to be equivalent to individual specimen testing
by cobas. This agreement was unaffected by the actual site of
infection or the number of anatomical sites infected. Fifteen of
the 34 gonorrhoea infections involved multiple sites of infec-
tion; however, restricting testing to urine testing only would
have missed 16 of these. Only 2 of the CT infections involved
multiple sites, with 8 of the 18 participants having a positive
urine specimen by cobas. There were fewer symptomatic CT
infections than for those with NG, demonstrating the value in
screening contacts without symptoms for CT infection. There
were more NG detections than CT detections and the GeneX-
pert and cobas average Ct was lower for NG than for CT detec-
tion. This may represent either a higher NG organism burden at
these sites or that the tests were more sensitive for NG.

The pooled specimen method for NG was in complete agree-
ment with the single specimen testing, whereas for CT there
was good overall agreement (94%) and no significant difference
between pooled and single specimen testing results (p=0.683),
but with better negative agreement (98%) than positive agree-
ment (78%). There were six discrepant CT presentations,
including four negative pooled testing results and two negative
single specimen results. One specimen was CT positive by cobas
in a throat swab which could not be confirmed by in-house
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Clinical

PCR testing. The Ct value for this sample was very high (40.4),
suggesting the CT organism burden was close to the lowest limit
of detection for all assays. Four of the remaining discrepant
results occurred in participants with rectal CT infection only.
Of interest, the average Ct for rectal CT positive specimens in
the cobas assay was higher than for urine or throat swabs, indi-
cating either a lower CT organism burden in these specimens
or the presence of PCR inhibitors. However, this Ct differen-
tial was not seen between rectal and throat NG positive spec-
imens suggesting rectal PCR inhibitors were not responsible.
Previous studies using single rectal specimen testing have shown
the GeneXpert missed 6 of 46° and 2 of 15! rectal CT when
compared with AC2. Of note, in the former study, the AC2 also
missed three rectal CT, likely reflecting a similar problem with
sampling specimens with organism numbers at the lower limits
of detection. Also, the residual AC2 buffer was diluted 1:15 into
the GeneXpert buffer for GeneXpert testing which may have
reduced its sensitivity.”

The added advantage of using the GeneXpert is its suita-
bility as a POC NAAT for use in sexual health clinics. This
would have the benefit of cost-effectiveness and could
improve the management of chlamydia and gonorrhoea in
MSM. Syndromic management of chlamydia and gonor-
rhoea can result in many infections going untreated, as well
as overtreating others.”’ By providing an earlier diagnosis,
more appropriate antimicrobial prescribing and more efficient
contact tracing could be performed, potentially interrupting
the transmission of CT and NG. This concept has been applied
with success to CT and NG testing using the GeneXpert in
several remote Australian indigenous communities.”’ In this
setting of reduced access to timely pathology testing, POC
testing has distinct advantages and the POC GeneXpert testing
was found to be highly concordant with laboratory-based
testing. Likewise, in MSM, POC testing could be of particular
benefit due to the high rate of asymptomatic infections and
the increased rates of chlamydia and gonorrhoea in MSM
compared with other populations.

This study has several limitations. The relatively small sample
size and testing of MSM with a high prevalence for both CT and
NG means the performance of pooled testing would need to be
further assessed in lower risk MSM and heterosexuals before it
could be recommended. In addition, further work on optimising
the pooled specimen testing would be worthwhile. It is possible
that the dilutional effect of the urine in the pooled specimens was
responsible for the apparent reduced sensitivity for the solitary
rectal CT infections. Sultan et al'' also found single site infections
accounted for almost all of their missed CT and NG infections
with pooled specimen testing, but found the throat swabs were
less sensitive than the rectal swabs. Direct comparison of pooled
testing and individual specimen testing using the GeneXpert would
help address this. Not knowing the anatomical site of infection
from pooled testing may have treatment implications for rectal CT
infections. This could be mitigated by either immediately repeating
the rectal swab in those that have a positive pooled specimen POC
test result prior to treatment, or by the routine use of dual head
swabs. Retesting the original swab would not be recommended as
the previous elution of the swab would reduce the sensitivity on
retesting. The assessment for lymphogranuloma venereum (LGV)
in rectal swabs collected from MSM is of particular relevance due
to the worldwide emergence of the LGV 2b strain.**

Laboratories are under increasing financial pressure and CT and
NG testing contributes significantly to the laboratory’s workload.
Our findings suggest that pooled specimen testing of rectal, throat
and urine samples from MSM with a high prevalence of CT and/

or NG is accurate and has potential merit as a POC test method. If
these results are confirmed, pooled specimen testing of such large
volume tests may offer significant cost and labour savings.

» Rectal and pharyngeal specimens should be collected
in addition to urethral or urine specimens to avoid
missed Neisseria gonorrhoeae (NG) and Chlamydia trachomatis (CT)
infections in men who have sex with men (MSM).

» Testing of pooled specimens using the GeneXpert CT/NG
assay was found reliable in high-risk MSM when compared
with single specimen nucleic acid testing by cobas.

» Point-of-care nucleic acid testing of pooled specimens in
sexual health clinics may provide a cost-effective option to
improve early treatment rates and contact tracing.

Handling editor Catherine A Ison
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