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Abstract

Background Sexually transmitted infections caused by Chlamydia trachomatis (CT), Neisseria gonorrhoeae (NG)
and Trichomonas vaginalis (TV) remain significant global health problems. The World Health Organization (WHO)
has recently conducted a multi-faceted, multi-country validation study (ProSPeRo), which included an evaluation
of the Xpert CT/NG and Xpert TV assays on the GeneXpert system (Cepheid, Sunnyvale, Ca., USA) in clinic-based
settings across eight countries. To support the study, a training and quality management system was implemented
and evaluated.

Methods A comprehensive training program for the study was developed. Quality control (QC) and external quality
assessment (EQA) samples were provided by an accredited quality assurance provider. QC testing was conducted

at 14 point-of-care testing (POCT) clinics, while EQA samples were tested by the POCT sites and a reference laboratory
supporting each clinic.

Results For QC testing, concordance with the expected results for CT and NG was >99% and rates of unsuccess-
ful tests were <4%. For TV testing, concordance was similar (97%), but rates of unsuccessful tests were high (18%),
particularly in the TV negative’sample. For EQA testing initially conducted in 2018, concordance was 100% for CT
and NG, and 90% for TV for the reference laboratory group (which used non-GeneXpert systems). Concordance

for the POCT group was also high (>94%) for all analytes, but this cohort (which used GeneXpert systems) exhibited
a high rate of unsuccessful TV tests. All but one of these unsuccessful tests was subcategorised as ‘invalid’

Conclusions The high level of concordance for QC and EQA testing confirm that the trained operators at the POC
clinical sites were competent to conduct POC testing and that the training and quality systems implemented
for the ProSPeRo study were effective. The quality materials used were satisfactory for CT and NG but exhibited poor
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performance for TV testing on the GeneXpert system. The WHO should continue to work with industry and EQA
providers to provide improved materials that are reliable, stable and cost effective for quality management, as it seeks
to rollout molecular-based STI POCT in non-laboratory-based settings.

Trial registration Ethics approval to conduct the ProSPeRo study was granted by the WHO Ethics Review

Keywords Point-of-care testing, Sexually transmitted infections, GeneXpert, Training, Quality, Concordance, Test

Background

In 2021, the World Health Organization (WHO) esti-
mated that over 367 million people aged 15 to 49 globally
were infected each year with one of three curable sexu-
ally transmitted infections (STIs): Chlamydia trachomatis
(CT), 128 miillion; Neisseria gonorrhoeae (NG), 82 million;
and Trichomonas vaginalis (TV) 156 million [1]. These
concerning figures were similar to those reported by the
WHO in 2016, indicating that these STIs remain a signifi-
cant contemporary health problem [2].

All three STIs are treatable but, if left inappropriately
treated or undetected, they can result in long-term com-
plications such as pelvic inflammatory disease, tubal
infertility and ectopic pregnancy in women [3]. Fur-
thermore, antimicrobial resistance in NG has increased
worldwide and concerns that gonorrhoea may become
untreatable in certain circumstances have been raised [4].

Early detection of these STIs with resultant rapid
treatment is crucial, particularly where the prevalence
of disease is greatest, such as in low-and-middle income
countries (LMIC) and in young people, sex workers, men
who have sex with men, First Nations communities and
people living in rural and remote settings inter alia [5].

The use of point-of-care testing (POCT) for STIs, where
testing is conducted on-site during the patient consulta-
tion, has the potential to deliver rapid test results followed
by timely initiation of appropriate treatment, thereby
enhancing the opportunity to interrupt the cycle of trans-
mission in a community setting. The advent of molecu-
lar-based POCT platforms with laboratory-equivalent
analytical performance is revolutionising the field of STI
diagnosis, particularly in primary care settings [5].

The WHO has recently updated and published target
product profiles, which highlight the attributes and desir-
able operational and analytical performance characteris-
tics of the ‘ideal’ POCT assay for selected STIs [6].

From 2013 to 2015, a world-first randomised controlled
trial of the GeneXpert system (known as Test Treat ANd
GO [TTANGO]) was conducted in a primary care setting
in Australia (among remote First Nations communities);
this landmark study demonstrated that the molecular-
based technology, in this setting, was accurate when
compared to parallel laboratory testing, reduced time

to treatment, increased treatment uptake and was well
accepted by health professionals (mainly remote area
nurses) conducting the test [7-10].

Since 2017, the WHO has undertaken a multi-
country validation study known as ProSPeRo (the
Project on Sexually Transmitted Infection Point-of-Care
Testing established by the Sexual and Reproductive
Health and Research Department of WHO). The study
involved several discrete arms (reported elsewhere in
this Supplement), including the present study which
evaluated the Xpert CT/NG and Xpert TV assays on
GeneXpert systems (Cepheid, Sunnydale, California,
USA) in three different patient populations at clinic-
based POCT sites across eight countries — Australia,
China, Italy, Guatemala, Malta, Morocco, Peru and South
Africa. The study had two major aims: (i) to determine
the performance characteristics of the Xpert CT, NG and
TV POCT on the GeneXpert systems compared to that of
the best available nucleic acid amplification tests (NAAT)
conducted at an in-country reference laboratory or, if
not available in-country, at an international reference
laboratory and (ii) to assess the minimal operational
characteristics and acceptability of the GeneXpert test
system for Xpert CT, NG and TV POCT to health users
and health professionals.

To support the CT, NG and TV arms of the ProSPeRo
study, a training program and a quality management
system were developed and integrated into the broader
study framework [11, 12]. For the quality testing
component, samples for quality control (QC) and
external quality assessment (EQA) were provided to each
clinic-based POCT site. EQA samples were also provided
to the reference laboratories supporting the clinics in
the study. This article describes the establishment of the
training and quality systems used in this arm of the study
and provides commentary on their implementation and
lessons learned for future integration into the primary
care sector.

Methods

Ethics approval and consent to participate

Ethics approval for the core protocols of the CT, NG
and TV arms of the ProSPeRo study was obtained by the
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WHO Ethics Review Committee (ERC). Locally adapted
site-specific protocols were approved by the respective
local ethics committees and by ERC.

Countries and sites involved

Eight countries participated in the study: Australia,
China, Guatemala, Italy, Malta, Morocco, Peru and
South Africa (randomly reported hereafter as countries
A-H). The STI tests performed in the study were at
the discretion of each participating country and were
dependent on the populations tested. In Australia,
Morocco and South Africa, STI testing was conducted
on vaginal swab specimens from asymptomatic women
‘at risk’ of contracting STIs; in China and Guatemala,
on swabs from women with vaginal discharge; and, in
Italy, Malta and Peru, on urine and extragenital samples
(anorectal and pharyngeal swabs) from men who have
sex with men (MSM). Four countries tested for all three
analytes, three countries performed CT and NG but not
TV, and one country performed TV only. The number of
participating POCT clinics in each country is also shown
in Table 1. In Australia, three remote POCT clinics
were initially engaged, but two withdrew early due to
significant unplanned staffing issues. One remote clinic
from Northern Australia completed the study.

Molecular-based STI diagnostic systems used in ProSPeRo

The POCT clinics performed STI testing for CT, NG
and/or TV on the GeneXpert system using a dual test
cartridge for simultaneous qualitative detection of CT/
NG and a single test cartridge for the qualitative detec-
tion of TV. The reference laboratories used either the
Aptima Combo 2 assay (for CT and NG) and Aptima TV
assay on the Panther system or Tigris DTS 400 system
(Hologic, Massachusetts, USA) or the Cobas assay on the
Cobas 4800 system for CT/NG and Cobas 6800 system
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for TV (Roche, Switzerland) (Table 1) [13]. The refer-
ence laboratory in Australia changed its test system for
TV during the study from the Panther to the Cobas. For
Guatemala, Malta and Morocco, samples were tested by
an international STI reference laboratory in Sweden (the
WHO Collaborating Centre for Gonorrhoea and other
STIs) using the Panther system.

Training system

A comprehensive training program for the study,
consistent with the most recent National Pathology
Accreditation Advisory Council (NPAAC) Requirements
for Point-of-Care Testing in Australia 2021 [14] was
developed by the Flinders University International
Centre for Point-of-Care Testing (ICPOCT).

The training package included information on the Gen-
eXpert system, such as basic operation, method princi-
ple, the testing cartridge, how to conduct a patient, QC
and EQA test, and interpretation of test results. A series
of step-by-step posters and short YouTube videos visually
summarised the performance and reporting of patient,
QC and EQA tests (Fig. 1). (https://www.youtube.com/
watch?v=V4wBkS80peY and https://www.youtube.com/
watch?v=1qKvDlY_GMKk).

Operator training was delivered through face-to-face
sessions conducted on-site in participating countries. In
Australia, training was presented by an ICPOCT scien-
tist, and in other countries by a Cepheid representative
(general operation of the GeneXpert system) and by
WHO study team members (QC and EQA components).
In Guatemala and China, the YouTube videos prepared
by ICPOCT were translated live during the delivery of
training. Local research teams also organised refresher
and practical QC and/or EQA testing at initiation of
the studies. In Australia, operators completed a written

Table 1 Sexually transmitted infection tests performed by reference laboratories and POCT clinics in participating countries

Country Tests performed  System used by Reference Laboratory Tests performed  Systemused by  Number of
by Reference by POCT clinics POCT clinics participating
Laboratory POCT clinics
CT/NG TV CT/NG TV

Australia NA N Hologic Panther NA N GeneXpert 3

China N V Roche Cobas 4800 (CT/NG); Local test (TV) N \J GeneXpert 3

Italy N, NA Roche Cobas 4800 (CT/NG) N, NA GeneXpert 1

Guatemala J \V Hologic Panther N \J GeneXpert 2

Malta \J NA Hologic Panther J NA GeneXpert 1

Morocco \J \V Hologic Panther \J \V GeneXpert 1

Peru J NA Hologic DTS 400 \V NA GeneXpert 2

South Africa \J N Hologic Panther \J \V GeneXpert 1

*NA not applicable, test not performed by that country, POCT point-of-care testing, CT Chlamydia trachomatis, NG Neisseria gonorrhoeae, TV Trichomonas vaginalis
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QC Sample Preparation
for CT/NG & TV Testing
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1

e For CT/NG test, you need:
o Paper towel on bench

o GeneXpert specimen
collection kit

o 1mL CT/NG pipette
o CT/NG test cartridge
o QCswab

o Check expiry date on test
3 peiceas cartridge and collection kit
Y -} N
v P o Label cartridge with
! QC and date

3

o Label pink top tube
with QC and date

e Wearing clean gloves,
remove cap from tube

o Swirl QC swab in liquid
in bottom of tube

e Dispose of swab

e Change gloves

4

e Open cartridge lid

e Open pipette

e Use pipette to transfer
1mL sample from tube
into large hole in front
right corner of cartridge

o Dispose of pipette

5

o Close cartridge lid

e Remove gloves

e CT/NG cartridge is
ready for testing

® Keep pink top tube
for TV QC test

6

e For TV test, you need:
o Paper towel on bench
o 0.5mLTV pipette
o TV test cartridge

o Pre-prepared pink top
tube from step 5

7

o Check expiry date on
cartridge and label with
QC and date

e Open cartridge lid

e Use pipette to transfer
0.5mL sample from tube
into large hole in front
right corner of cartridge

8

o Dispose of pipette
o Close cartridge lid

_if_j/

® Remove gloves

e TV cartridge is
ready for testing

o Keep pink top tube until
GeneXpert gives valid
result for CT/NG & TV tests

Poster designed by Flinders University International Centre for Point-of-Care Testing, for Project A65909: WHO STI POCT Initiative, April 2018

Fig. 1 Poster on testing quality control samples provided to participants in this study (Used with permission. Copyright®© Flinders University
International Centre for Point-of-Care Testing, 2018)
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competency assessment and practical assessment using
QC and/or EQA materials.

Quality management system

The National Serology Reference Laboratory, Australia
[NRL], was contracted by the WHO to provide QC and
EQA samples for the ProSPeRo study. NRL is accredited
to ISO 17043 as a proficiency testing scheme provider
that produces quality assurance programs to support the
quality of infectious disease testing both in Australia and
internationally. The NRL had previously provided EQA
materials for the CT/NG component of the TTANGO
program [8].

Production of QC and EQA samples by NRL
NRL produced positive and negative QC and EQA
materials for the ProSPeRo study, using procedures
previously validated for CT and NG [15].

The positive quality samples for CT, NG or TV were
prepared by initially suspending known positive materials
(at defined concentrations or reactivity) into molecular-
grade phosphate buffered saline (PBS). Individual swab
samples were then inoculated with 50uL of selected
material (see Table 2) and left to dry for 4 hours in a Class
2 biosafety cabinet. All swabs contained baseline human
cells (Huh-7) at a concentration of 2x10° cells/mL. The
negative quality samples contained PBS only. All swabs
were transported to all participating sites at ambient
temperature (25-35°C) and the materials stored between
2 and 8°C prior to testing.

Testing of QC samples

For QC testing, participating POCT clinics were each
provided with a set of 15 swabs that were ‘CT positive, NG
positive and TV negative’ (QC 1) and 15 swabs that were
‘CT negative, NG negative and TV positive’ (QC 2). The
testing of a negative QC using molecular-based methods is
important in instances where environmental or amplicon
contamination may be an issue.
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QC swabs were prepared for testing by inoculation
into a GeneXpert swab transport reagent tube. Using a
transfer pipette, an aliquot of this medium (1 mL for CT/
NG and 0.5ml for TV) was loaded into a GeneXpert test
cartridge, as per manufacturer’s instructions. QC swabs
were tested during operator training (positive and nega-
tive) and thereafter once monthly (positive and negative)
for the duration of patient testing. This frequency of test-
ing aligned with the minimum requirements for QC test-
ing promulgated in national recommendations for POC
testing in Australia and used in the TTANGO POC test-
ing network [14, 16].

Reporting of QC results and feedback provided

Participant operators recorded the site and date of
testing and the GeneXpert result for each QC sample on
the QC form provided. Four options were provided for
result entry — ‘not detected; ‘detected; ‘unsuccessful’ or
‘not applicable’ If an ‘unsuccessful’ result was reported,
operators were encouraged to repeat the test and
complete a ‘comments’ box documenting additional
information on error code. The GeneXpert does allow for
further categorisation of ‘unsuccessful tests as ‘invalid,
‘error’ or ‘no result’ (see next section). The ‘not applicable’
box was ticked if the site did not perform either the CT/
NG or TV test (according to Table 1).

Completed QC result sheets were emailed to ICPOCT
and/or the ProSPeRo study organisers. A QC action
flowchart was provided as an interpretive aid for
operators. A QC feedback report also summarised the
results submitted by each individual site for the past 3
months and highlighted whether returned results were
‘consistent’ (concordant) or ‘inconsistent’ (discordant)
with the expected results. The results of individual sites
were also peer-reviewed against other participating sites.

Testing of EQA samples
For EQA testing, each participating clinic and refer-
ence laboratory were provided with two sets of five swab

Table 2 Composition of the swabs prepared by NRL for quality control (QC) and external quality assessment (EQA) testing®

Composition CTonly NG only

CT/NG Duo

TV only Negative

Concentration

Internal control Uninfected Huh-7 cells, 2x 10° cells/mL

(baseline)

4x10% DNA copies/mL  4x 10% DNA copies/mL 4x 10° DNA copies/mL
of both CT and NG

1/500 dilution of liquid
culture?

PBS only, no organisms

The QC samples consisted of the CT/NG Duo and the TV only swab samples. The EQA samples consisted of any combination of the five manufactured samples

CT Chlamydia trachomatis, NG Neisseria gonorrhoeae, TV Trichomonas vaginalis
? designed to provide a target cycle threshold of between 30 and 35

b Previous studies showed that (i) the concentrations provided in these samples showed an insignificant variation in Ct value when stored at -20°C or 23-25°C and
(ii) the material was stable for at least 2 years when stored at 2-8°C [15, 16]. According to the manufacturer, the TV material provided for this study was produced
following the same process as described for CT/NG, however no validation data was provided

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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samples at the start of the study (2018). Set A samples
were tested at the commencement of the study and Set
B samples were tested at least 6 months post the start of
the study. The two EQA sets contained random within
and between combinations of both positive and negative
swab samples for CT, NG and TV.

EQA swabs were prepared and tested using the same
process as described for the QC samples. The expected
results for the EQA swabs were unknown to the operator
at the time of testing.

Reporting of EQA results and feedback provided
Each site was provided with an EQA result sheet for
Set A and B. Again, four options for result entry were
provided — ‘not detected, ‘detected, ‘unsuccessful’ or
‘not applicable’ — with a comments box for further
information on error code. An EQA feedback report
also summarised the results submitted for the five
samples tested in each set, noted whether they were
‘consistent’ or ‘not consistent’ with expected results,
and provided peer review feedback on the site’s perfor-
mance compared to other participants.

Due to a manufacturing issue with the TV compo-
nent of the EQA material (see Results section), a sec-
ond set of EQA materials (with different combinations
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of positive and negative samples) were made by NRL
in 2019 and distributed to all countries (except China).

In-built quality checks on the GeneXpert system

In addition to QC and EQA testing, the GeneXpert
system has in-built quality checks. These internal
quality checks include a) a sample processing control
(SPC) to verify adequate processing of the target
bacteria (for CT and NG) or protozoan parasite
(TV), b) a sample adequacy control (SAC) to confirm
whether the sample contains human DNA and
c) a probe check control (PCC) to verify reagent
rehydration, PCR tube filling, probe integrity and dye
stability. An ‘invalid’ result indicates that the SPC and/
or the SAC failed. An ‘error’ result indicates that the
PCC failed, and the assay was aborted. A ‘no result’
flag indicates that insufficient data were collected,
most likely due to the operator stopping a test that was
in progress or a power failure occurring.

Results

Staggered implementation of the ProSPeRo study

The patient testing phase for different countries was
scheduled to be 12-months’ duration but, owing to the

Table 3 Number of valid QC tests performed for CT, NG and TV by POC testing sites

Country Site QC 1: Expected result QC 2: Expected result
cT NG TV cT NG TV
Pos Pos Neg Neg Neg Pos

A 1 5 5 - 5 5 -

B 2 - - 1 - - 1

B 3 1 1

B 4 - - - - - -

C 5 7 7 - 3 3 -

C 6 8 8 - 8 8 -

D 7 12 12 - 12 12 -

E 8 7 7 4 6 6 6

F 9 1 1 - - - 1

F 10 1 1 - - - 1

G 11 5 5 4 4 4 5

H 12 8 8 7 7 7 8

H 13 9 9 4 7 7 9

H 14 5 5 4 4 4 5

Total results 68 68 25 56 56 37

Number (%) discordant 0 1 (1.5%) 0 0 0 2 (5.5%)

‘~'means country /POC site did not test for this analyte

QC quality control, CT Chlamydia trachomatis, NG Neisseria gonorrhoeae, TV Trichomonas vaginalis, POC point of care, ‘Pos’ expected result: detected, ‘Neg’ expected

result: not detected
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global COVID-19 pandemic, the program implemen-
tation was staggered across an almost three-year time
frame from mid-2018 to 2021.

Training

Across the participating countries, 15 operators from
the POCT clinics were trained as primary GeneXpert
operators, while 10 operators were trained from
associated reference laboratories (range one to five
operators per country).

QCresults

A summary of the valid QC tests and results performed
on the GeneXpert at the 14 POCT sites across the
participating countries is provided in Table 3.

Combining the data for CT and NG testing on the
two QC samples provided, overall concordance with the
expected results was 100% for CT and 99% (135/136)
for NG, with just 3.7% (5/136) of tests performed by the
POCT sites reported as ‘unsuccessful: For TV, overall
concordance with the expected result was 96.8% (60/62).
However, 18% of TV tests (13/72) attempted for QC
1 and QC 2 were initially ‘unsuccessful; the majority of
which (10/13) were recorded for QC 1 (TV negative).
Nine of the 13 ‘unsuccessful’ tests were categorised as
‘invalid’

Table 4 Summary of number of valid results from EQA testing
for Set A, 2018

Sample Expected Result Reference POC

Laboratories Testing

Clinics
Sample 1 CT Neg 4 7
NG Pos 4 7
TV Pos 2 3
Sample 2 CT Pos 4 7
NG Pos 4 7
TV Neg 2 4
Sample 3 CT Neg 4 7
NG Neg 4 7
TV Neg 2 2
Sample 4 CT Pos 4 8
NG Neg 4 8
TV Neg 2 4
Sample 5 CT Neg 4 8
NG Neg 4 8
TV Pos 2 4
Total 50 91

EQA External Quality Assessment, CT Chlamydia trachomatis, NG Neisseria
gonorrhoeae, TV Trichomonas vaginalis, POC Point of care, ‘Pos’ expected result:
detected, ‘Neg' expected result: not detected
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EQA results

EQA samples from Set A (2018) were tested by reference
laboratories from four countries (A, C, D and E). POCT
sites from seven countries (A, B, C, D, E, F and G) tested
the EQA samples for CT and NG, but only four countries
(B, E, G and F) tested these for TV. Country H used an
in-house EQA material rather than that provided by NRL
(and their results were not included in the data analysis).
The international STT reference laboratory in Sweden did
not participate in the NRL EQA testing program.

The combinations of expected test results for Set A
(2018) samples are shown in Table 4, together with the
number of valid EQA results reported for each sample.

A total of 50 valid EQA results for Set A (2018) were
reported for the three analytes by the reference labora-
tory group. The laboratories achieved 100% concordance
(40/40) for both CT and NG results and no ‘unsuccess-
ful’ tests were reported for these analytes. For TV test-
ing, concordance was 90% (9/10), with one ‘not detected’
EQA result being reported as TV ‘positive’ by country
D’s reference laboratory. No ‘unsuccessful’ TV tests were
reported by the reference laboratory group (all of which
used non-GeneXpert systems).

A total of 91 valid EQA results were reported for the three
analytes by the POCT clinics. The clinics achieved 97%
(36/37) concordance for CT and 100% concordance (37/37)
for NG results. Three ‘unsuccessful’ tests were reported for
both CT and NG, but these were not repeated or catego-
rised further. On initial testing of the TV EQA samples by
the four participating countries, there were 10 valid and 20
‘unsuccessful’ tests reported (66% [20/30] fail rate). Repeat
analysis of seven of these 20 initial ‘unsuccessful’ tests pro-
duced a further seven valid test results. Concordance for
the 17 valid TV EQA test results was 94% (16/17), with one
site reporting a TV ‘not detected’ result on ‘positive’ sample
5. Twelve (60%) of the 20 ‘unsuccessful’ tests reported for
set A were categorised as ‘invalid, while no further informa-
tion was provided for the remaining unsuccessful tests.

Due to participant concerns relating to the TV compo-
nent of the initial EQA material from Set A (2018), only
one POCT site (country A) and two reference laborato-
ries (country A and C) submitted results for Set B (2018).
All three sites achieved 100% concordance with the
expected results for CT and NG, but none of these sites
tested Set B samples for TV.

Discussion

There is now an irrefutable body of evidence that POCT,
with the support of governments and political will, can be a
life changing tool in improving access to pathology testing
and providing clinical, cultural, operational and economic
benefits for patients with chronic, acute and infectious
disease living in rural and remote communities globally
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[17-20]. The WHO has recognised the value of POCT and,
in complementing the present multi-country validation
study and the broader ProSPeRo study, the WHO has also
made a ‘call to action’ for the use of (molecular-based)
STI POCT to be integrated into health systems as a viable
means of addressing the ongoing global STI epidemic [21].

Operator training and quality management are two
core elements that underpin the success and sustain-
ability of such effective POCT networks [11, 12]. Ongo-
ing training provides a practical solution to reducing the
impact of staff turnover in a POCT network, while the
provision of bespoke options for training delivery and a
flexible range of training resources for health profession-
als are essential components of contemporary POCT net-
works. In this study, adaptable delivery formats including
face-to-face sessions involving participating scientists as
well as an industry representative, and YouTube videos
that were translated live during training were used effec-
tively and led to GeneXpert operator competency, while
training resources included hard copy and on-line mate-
rials, posters and interpretive aids.

A sound quality management system is needed to
ensure the analytical quality of POCT can be continu-
ously monitored and patient safety is not compromised.
Without sound analytical quality, equivalent to that
expected of a laboratory, a POCT network will not be
sustainable. There are now many examples in the lit-
erature to show that POCT can meet current laboratory
benchmarks/analytical goals for quality [22, 23]. A key
component of quality surveillance is the provision of sta-
ble and reliable materials for QC and EQA testing.

In this study, a globally recognised and accredited qual-
ity assurance provider and WHO Collaborating Centre,
(NRL), was commissioned to provide the materials for
QC and EQA testing for molecular-based STI testing
on GeneXpert systems. For the CT and NG component
of QC testing, concordance with the expected results at
the POCT clinical sites was very high (>99%) and rates
of ‘unsuccessful’ tests were very low (<4%), indicating
the QC material provided performed well for these ana-
lytes. For TV testing, concordance at these sites was high
(>96%), but rates of ‘unsuccessful’ tests in the GeneXpert
were unacceptably high (18%), particularly in the “TV
negative’ sample.

For EQA testing on Set A 2018 samples, concordance
with expected results was 100% for CT, 100% for NG, and
90% for TV for the reference laboratory group (which used
non-GeneXpert systems) and there were no ‘unsuccess-
ful’ EQA tests reported. Concordance for the POC testing
group was similarly high (>94% for all analytes), but this
cohort (which exclusively used GeneXpert systems) exhib-
ited a high rate of ‘unsuccessful’ tests of 60% (20/30) for Set
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A (2018). Where these ‘unsuccessful’ TV tests were able to
be subcategorised, all but one of these tests were ‘invalid,
indicating that the SPC and/or the SAC failed.

The high level of concordance observed for QC and
EQA testing for both CT/NG and TV (all >94%) confirm
that the trained operators at the POCT clinical sites were
competent to conduct POCT for these analytes. The high
rates of unsuccessful tests observed for TV QC and EQA
testing were specific to the GeneXpert test system used
by the POCT clinical sites and were most likely due to a
manufacturing issue.

While there are a range of quality testing products
commercially available for CT and NG, at the
commencement of this study there were no viable options
available for TV QC and EQA. Therefore, a new source
material was prepared by NRL for this study and used to
manufacture both the QC and EQA components of this
study. Unfortunately, the high rates of ‘unsuccessful’ TV
tests on the GeneXpert system used at POCT clinical
sites impacted the study negatively, as competent POCT
operators at these sites lost trust in the material and in
their ability to confidently perform quality testing.

There are several plausible reasons for the poor
performance exhibited by the QC and EQA materials
for TV, even though the swabs were manufactured in
the same way as CT and NG, following NRL’s validated
methods. The difference in organism type (ie. CT
and NG are both bacteria and TV is a protozoan) may
have contributed to the increased rate of unsuccessful
TV tests. Protozoal trichomonas has a more complex
structure (such as presence of organelles) which may
contain enzymes that can further degrade (any) nucleic
acids. Other alternative explanations to account for the
high rate of invalid TV results could potentially include
(i) the concentration of human cells provided as baseline
for all swabs was approaching the limit of detection for
the SAC check when tested in the TV assay only (noting
a SAC fail can only occur in a TV negative sample), or
(ii) additional stabilisers needed to be added to the
prepared material to prevent any degradation of human
cells. Further investigations by NRL to resolve the rate
of unsuccessful TV results in the GeneXpert system are
on-going.

Consideration should be given to a training program
for national and regional STI reference laboratories to
enable them to produce QC/EQA materials at affordable
prices for POCT sites in their proximity. Ideally, POCT
sites particularly in LMICs, should not be dependent on
EQA/QC materials produced and transported at high
cost from HICs. The WHO needs to continue to work
with industry and quality assurance providers to provide
materials with such specifications, as it seeks to rollout
molecular-based STI POCT to the developing world.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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Conclusion

The GeneXpert system is a sophisticated molecular-based
testing platform for STI testing and has proven robust
and accurate for CT and NG POCT in the hands of non-
laboratory trained operators in the primary care setting
in Australia [7]. However, the present study reinforces
that, for a sustainable and scalable POCT network in a
multi-country setting, it is crucial that reliable, stable and
cost-effective materials for quality testing are available to
support the widespread use of this test system.

Acknowledgements

Brooke Spaeth and Janet Richards (ICPOCT) and Anne Davis (Sexual Health
Co-ordinator, Tiwi Islands) are thanked for their help with the Australian
component of the study.

Anna Erbogasto, Lorenzo Biasioli, Lucrezia Calandrino, Beatrice Salvetti and all
the healthcare staff of the Centro MISTRA (Infectious Diseases Section, AOUI
Verona) are thanked for their help in the Italian arm of the study.

Zukiswa Mithani (Site Supervisor), Nosipho Bonanto and Nocwaka Siko (Opera-
tional Managers, Site C Youth Clinic, Khayelitsha, Cape Town, South Africa)
made valuable contributions to the South African component of the study.
All healthcare workers who participated in QC and EQA testing at POCT sites
are also thanked.

About this supplement

This article has been published as part of BMC Infectious Diseases Volume 24
Supplement 1, 2024 Point-of-care Testing for Sexually Transmitted Infections:
results of an independent multi-country clinic-based and clinic-utility
evaluation of STl diagnostics (PRoSPeRo project). The full contents of the
supplement are available online at https://bmcinfectdis.biomedcentral.com/
articles/supplements/volume-24-supplement-1.

Authors’ contributions

MS analysed the QC and EQA data and wrote the manuscript. S Matthews

and KA collated the QC and EQA data and provided detailed commentary on
the manuscript. WD and LC prepared the QC and EQA material and provided
intellectual content on the production and stability of quality materials. MU,
KB and IT provided intellectual content and offered valuable suggestions to
improve the manuscript. Authors CB, X-S C, MC, AH, T-TJ, RK, S Meli, EM, HO, VP,
AS, SV and GZ commented on the manuscript and approved the final version.

Funding

This work was also funded by the UNDP-UNFPA-UNICEF-WHO-World Bank
Special Programme of Research, Development and Research Training in
Human Reproduction (HRP), a cosponsored programme executed by the
World Health Organization (WHO) and the Government of Canada. The
funding body had no role in the conceptualization, design, data collection,
analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
The data set analysed during the current study is available from the ProSPeRo
study co-ordinators (KB and IT) upon reasonable request.

Declarations

Ethics approval

Ethics approval for the core protocols of the CT, NG and TV arms of the
ProSPeRo study was obtained by the WHO Ethics Review Committee (ERC).
Locally adapted site-specific protocols were approved by the respective local
ethics committees and by ERC.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests. Some authors
are current or former staff members of the World Health Organization. The

Page 9 of 10

authors alone are responsible for the views expressed in this publication and
they do not necessarily represent the views, decisions or policies of the World
Health Organization.

Author details

!International Centre for Point-of-Care Testing, Flinders University, Bedford Park,
South Australia, Australia. National Serology Reference Laboratory, Australia,
Fitzroy, Victoria, Australia. *Pathology Department, Mater Dei Hospital, Msida,
Malta. “Chinese Academy of Medical Sciences and Peking Union Medical
College Institute of Dermatology, National Center for STD Control, Nanjing,
China. *Infectious Diseases Section, Department of Diagnostics and Public
Health, University of Verona, Verona, Italy. °STls Laboratory, Department

of Bacteriology, Institut National d'Hygiene, Ministry of Health- Morocco, Rabat,
Morocco. ’Centre for HIV & STI, National Institute for Communicable Diseases,
Sandringham, South Africa. ®Point-of-Care Testing Committee, Department

of Pathology, Mater Dei Hospital, Msida, Malta. °Pedagogy and Research Unit
of Microbiology, Faculty of Medicine and Pharmacy, Mohammed V Univer-

sity —Rabat, Virology Department, Institut National d’Hygiéne MoH, Rabat,
Morocco. '°Genito-Urinary Clinic, Department of Dermatology and Venereol-
ogy, Mater Dei Hospital, Msida, Malta. ' Department of Diagnosis and Public
Health, Section of Microbiology, University of Verona, Verona, Italy. '?Centro

de Investigacion Interdisciplinaria en Sexualidad SIDA y Sociedad, Universidad
Peruana Cayetano Heredia, Lima, Peru. '*Molecular Diagnostics Infectious
Diseases, Department of Pathology, Mater Dei Hospital, Msida, Malta. "“WHO
Collaborating Centre for Gonorrhoea and Other STls, Department of Laboratory
Medicine, Faculty of Medicine and Health, Orebro University, Orebro, Sweden.
>Department of Sexual and Reproductive Health and Research, World Health
Organization, Geneva, Switzerland. '®Faculty of Medicine and Health Sciences,
Ghent University, Ghent, Belgium.

Received: 27 September 2022 Accepted: 24 January 2024
Published online: 29 February 2024

References

1. Web Annex Key data at a glance. In: Global progress report on HIV, viral
hepatitis and sexually transmitted infections, 2021. Accountability for the
global health sector strategies 2016-2021: actions for impact. Geneva:
World Health Organization; 2021. Licence: CC BY-NC-SA 3.0 IGO. http://apps.
who.int/iris/bitstream/handle/10665/342808/9789240030985-eng.pdf.

2. Rowley J,Vander Hoorn S, Korenromp E, Low N, Unemo M, Abu-Raddad
LJ, et al. Chlamydia, gonorrhoea, trichomoniasis and syphilis: global
prevalence and incidence estimates, 2016. Bull World Health Organ.
2019;97:548-562P. https://doi.org/10.2471/BLT.18.228486.

3. US Preventive Services Task Force. Screening for gonorrhea: recommen-
dation statement. Ann Fam Med. 2005;3:263-7.

4. Unemo M, Lahra MM, Escher M, Eremin S, Cole MJ, Galarza P, et al.

WHO global antimicrobial resistance surveillance for Neisseria gonor-
rhoeae 2017-18: a retrospective observational study. Lancet Microbe.
2021;2(11):627-36. https://doi.org/10.1016/52666-5247(21)00171-3.

5. Shephard M. A practical guide to global point-of-care testing. Melbourne:
CSIRO Publishing; 2016. p. 207-19.

6. Point-of-care tests for sexually transmitted infections: target product
profiles. Geneva: World Health Organization; 2023. Licence: CC BY-NC-SA
3.01GO.

7. Causer LM, Guy RJ, Tabrizi SN, Whiley DM, Speers DJ, Ward J, et al. Molecu-
lar test for chlamydia and gonorrhoea used at point of care in remote
primary healthcare settings: a diagnostic test evaluation. Sex Transm
Infect. 2018,94:340-5. https://doi.org/10.1136/sextrans-2017-053443.

8. Guy R, Natoli L, Ward J, Causer L, Hengel B, Whiley D, et al. A randomised
trial of point-of-care tests for chlamydia and gonorrhoea infections in
remote communities: test, treat and GO- the TTANGO'trial protocol. BMC
Infect Dis. 2013;13:485. https://doi.org/10.1186/1471-2334-13-485.

9. Natoli L, Guy RJ, Shephard M, Causer LM, Badman SG, Hengel B, et al.”|
do feel like a scientist at times”: a qualitative study of the acceptability
of molecular point-of-care testing for chlamydia and gonorrhoea to
primary care professionals in a remote high STI burden setting. PLoS One.
2015;10:e0145993.

10. Laferty L, Smith K, Causer L, Andrewartha K, Whiley D, Badman S, et al.
Scaling up sexually transmissible infections point-of-care testing in

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Shephard et al. BMC Infectious Diseases (2024) 24:203

20.

21.

22.

23.

remote Aboriginal and Torres Strait islander communities: healthcare
workers' perceptions of the barriers and facilitators. Implem Sci Comm:s.
2021;2:127. https://doi.org/10.1186/543058-021-00232-8.

. Shephard M. A practical guide to global point-of-care testing. Melbourne:

CSIRO Publishing; 2016. p. 46-53.

Shephard M. A practical guide to global point-of-care testing. Melbourne:

CSIRO Publishing; 2016. p. 54-65.

Barrientos-Durdn A, de Salazar A, Fuentes-Lopez A, Serrano-Conde E,
Espadafor B, Chueca N, et al. Comparison between Aptima® assays
(Hologic) and the CoBAS® 6800 system (Roche) for the diagnosis of sexu-
ally transmitted infections caused by Chlamydia trachomatis, Neisseria
gonorrhoeae, and mycoplasma genitalium. Eur J Clin Microbiol Infect Dis.
2021;40:1337-42.

Rudd D, Ayton J, Badrick T, Griffin A, Hadlow N, Kumar A, Martin C,
Sargeant A, Shephard M, Tirimacco R, Wale J, Whiley M. NPAAC Require-
ments for Point of Care Testing (Second Edition 2021). Australian Govern-
ment Department of Health 2021 .https://www1.health.gov.au/internet/
main/publishing.nsf/Content/35DE5FC4786CBB33CA257EEBO07C7BF2/
$File/DT0002469%20-%20NPAAC%20-%20Requirements%20for%20poi
Nnt%200f%20care%20testing%20Second%20edition%202021%20-%
2020211215.pdf (Accessed 12 July 2022).

Cabuang LM, Costa AM, Tabrizi SN, Vincini GA, Best SJ. Utility of swab
samples in EQAS for CTNG and HSV-1/2 NAT testing. In: 28th annual NRL
workshop on infectious diseases. Canberra, Australia; 2011.

Guy RJ, Ward J, Causer LM, Natoli L, Badman SG, Tangey A, et al. Molecular
point-of-care testing for chlamydia and gonorrhoea among indigenous
people attending primary health services: a cross-over cluster ran-
domised controlled trial. Lancet Infect Dis. 2018;18:1117-26. https://doi.
0rg/10.1016/51473-3099(18)30429-.

Shephard M, Shephard A, Matthews S, Andrewartha K. The benefits and
challenges of point-of-care testing in rural and remote primary care
settings in Australia. Arch Pathol Lab Med. 2020;144:1372-80. https://doi.
org/10.5858/arpa.2020-0105-RA.

Spaeth B, Matthews S, Shephard M. Patient-centred point-of-care testing:
Alife-changing technology for remote health care. In Primary Care. Onal
AE (ed), United Kingdom. IntechOpen pp1-15, doi: https://doi.org/10.
5772/intertechopen.100375.

Shephard M, Causer L, Guy R. Point-of-care testing in rural, remote and
indigenous settings. In: Shephard M, editor. A practical guide to global
point-of-care testing. Australia: CSIRO Publishing; 2016. p. 343-54.
Hengel B, Causer L, Matthews S, Smith K, Andrewartha K, Badman S, et al.
A decentralised point-of-care testing model to address inequities in the
COVID-19 response. Lancet Infect Dis. 2021;21:2183-90. https://doi.org/
10.1016/51473-3099(20)30859-8.

Toskin |, Govender V, Blondeel K, Murtagh M, Unemo M, Zemouri C, et al.
Call to action for health systems integration of point-of-care testing to
mitigate the transmission and burden of sexually transmitted infections.
Sex Transm Infect. 2020;96:342-7.

Shephard M, Shephard A, McAteer B, Regnier T, Barancek K. Results from
15 years of quality surveillance for a national indigenous point-of-care
testing program for diabetes. Clin Biochem. 2017;50:1159-63.

Matthews S, Spaeth B, Duckworth L, Richards J, Prisk E, Auld M, et al.
Sustained quality and service delivery in an expanding point-of-care
testing network in remote Australian primary care. Arch Pathol Lab Med.
2020;144(11):1381-91. https://doi.org/10.5858/arpa.2020-0105-RA.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Content courtesy of Springer Nature, terms of use apply

. Rights reserved.

Page 10 of 10



Terms and Conditions

Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature™).

Springer Nature supports a reasonable amount of sharing of research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial.

These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply.

We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy.

While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not:

1. use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access
control;

2. use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is
otherwise unlawful;

3. falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in
writing;

4. use bots or other automated methods to access the content or redirect messages

5. override any security feature or exclusionary protocol; or

6. share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal
content.

In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository.

These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved.

To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose.

Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties.

If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at

onlineservice(@springernature.com



mailto:onlineservice@springernature.com

