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Abstract

Introduction: Point-of-care (POC) tests for Chlamydia trachomatis (CT) and Neisseria
gonorrhoeae (NG) are urgently needed to control the STI epidemic in order to offer patients an
immediate diagnoses and accurate treatment before they leave a clinical encounter and thus reduce
transmission and sequelae. Nucleic acid amplification tests (NAATS) have increased sensitivity
and specificity, but very few POC assays can provide results of such tests within the usual time of
the patient visit.

Areas covered: This review describes the technology and performance characteristics of the
binx health /d® [Boston, MA] (binx io) CT/NG assay, a new rapid molecular POC assay. The
assay is compared to other available molecular POC tests. We also describe the importance of time
to results and assay performance for this POC assay.

Expert opinion: The binx io CT/NG assay offers the ability to incorporate the use of POC

tests to identify and immediately treat chlamydia and gonococcal infections into the clinical visit,
which will provide improved outcomes for patients. Additional implementation studies are needed
to optimize the adoption of this new test.
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1. Introduction

Chlamyadia trachomatis and Neisseria gonorrhoeae are sexually transmitted infections
(STIs), which comprise the two most commonly reported notifiable infectious diseases in
the United Sates (US) with steadily increasing rates according to the US Centers for Disease
Control and Prevention (CDC) [1]. The World Health Organization (WHO) estimates that
these two pathogens account for 127 and 87 million cases, respectively, per year worldwide
[2,3]. This translates into nearly 600,000 new cases per day, which strongly supports the
need for a paradigm shift in STI control. Control efforts range from symptoms-based
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epidemiologic treatment with no diagnostic test support in resource-constrained settings

to laboratory-based screening of symptomatic and asymptomatic persons using molecular
technologies. It is important to remember that resource constraints are not exclusively
found in low- and middle-income countries (LMIC) but may reflect resource distribution
and geographic limitations in any setting. Currently, as nations are focusing exceptional
resources toward the control of the COVID-19 pandemic, in many settings, STI services are
available only to symptomatic patients, and these patients are often managed syndromically
based on regional epidemiology due to supply and staff shortages for STI testing.

Epidemiologic, or syndromic, management of treatable STI is the only available standard
of care in many settings across the globe. Due to common symptoms shared by several
pathogens, over-treatment is frequent in the attempt to cure any pathogen that might be
present [4]. For example, women with discharge are most commonly treated for chlamydia,
gonorrhea, and trichomonas since any of these infections can cause cervical or vaginal
discharge. This approach may be associated with increasing potential for antimicrobial-
resistant gonococcal strains [5]. Furthermore, by definition, this management strategy fails
to treat any asymptomatic infections since people without symptoms are not evaluated.
Estimates of the frequency of asymptomatic infection range from 30% to 55% and 20% to
40% in women and men [6,7], respectively. Therefore, syndromic management is estimated
to treat fewer than 30% of cases worldwide [4]. For many decades, the WHO has been
calling for improved diagnostic solutions, which has resulted in the development of several
point-of-care (POC) tests for chlamydia. However, these tests are, for the most part, antigen
detection assays that rely on lateral flow immunochemistry (LFI) and have varied but
generally unacceptably poor performance [4,8,9].

Where resources to support laboratory medicine exist, there are many laboratory
technologies for the detection of chlamydia and gonorrhea including microscopy, culture
and antigen-based assays. The consensus is that molecular tests, in particular nucleic acid
amplification tests (NAAT), offer substantial advantages over these other assays. This is
due in large part to lower limits of detection (LOD); the ability to use a single specimen

to test for both pathogens; the ability to detect organisms that are not easy to cultivate,
such as chlamydia; and the ability to collect minimally invasive samples that may have
lower organism load [10]. Numerous laboratory-based molecular assays have been in use
for over two decades in high resource settings. These solutions include fully automated,
high-throughput solutions [11-15],; smaller volume semi-automated bench-top instruments
[16-19]; and, instrument agnostic platforms with semi-manual nucleic acid extraction and
amplicon detection processes [20]. However, these solutions still require transport to a
testing laboratory, time to run assays and transmittal of reports. Therefore, a delay of
anywhere from 1-7 days may be seen between the time of sample collection and result
availability. This leads to delayed time to treatment or often complete loss to follow-up
(LTFU). Either of these outcomes may increase risk of i) potential transmission events, ii)
pelvic inflammatory disease (PID) in women [21], iii) adverse outcomes during pregnancy
[22], iv) tubal factor infertility [23,24] and/or v) transmission or acquisition of HIV [5,25].
Thus, rapid molecular assays, especially those that can be utilized in near-patient or POC
settings are clearly needed. In this review, the characteristics of the binx health [Boston,
MA, formerly Atlas Genetics (Trowbridge, UK,) until October 2018] id® (binx io) CT/NG
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assay, a new rapid molecular POC assay, are described and compared to other molecular
POC assays that are currently available.

2. Assay technology

The binx io assay is a cartridge-based system that provides a sample to result solution for
the detection of chlamydial and gonococcal infections in men and women with or without
symptoms [Figure 1]. Vaginal swabs or male urine specimens are placed in the Kit-specific
transport tubes containing lysis buffer and stored at room temperature for up to 24 hours

or refrigerated for up to 7 days prior to testing. Samples are transferred to test cartridges
using a fixed-volume transept. The sample and cartridge barcodes are scanned into the
instrument, and the user confirms the desired test and presses ‘start.” Following sample
collection, all steps until starting the instrument take less than 1 min in total. From this point
forward, there is no manual intervention [26]. The processes that occur in the cartridge are
illustrated in Figure 2. DNA extraction occurs on an adsorbent matrix, which is then washed
to remove potential interfering substances or amplification inhibitors. Microfluidic pressure
is used to move the sample through the chambers of the cartridge, which rehydrates reagents
in the process, and results in amplification of target sequences using PCR. Amplified
product in the detection chamber is bound to labeled probes and the double stranded

DNA is enzymatically cleaved to release ferrocene-labeled mononucleotides, which generate
differential pulse voltammetry [Figure 3]. Due to the small mass of the mononucleotide,

the ferrocene-labeled moieties are concentrated on the detection probe. Using different
ferrocene derivatives allows multiplexing due to the variation in redox potentials that allows
specific detection of signal [26,27].

The binx io assay, originally called the Atlas Genetics CT/NG assay, was first developed

as a chlamydia stand-alone test and then adapted to include detection of N. gonorrhoeae
DNA. Detection of C. trachomatis DNA relies on a single chromosomal gene sequence for
primer binding and a sequence interior to the primers for the probe. The target region covers
both the traditional fifteen serovars as well as the Swedish variant [28], which has a plasmid
mutation that impacts some older diagnostic assays. The assay utilizes two chromosomal
gene targets as primers for the gonorrhea assay. Both sets of primers are required to generate
positive signals in order for a sample to be classified by the instrument software as positive
for gonorrhea. This scheme is intended to be self-confirming and avoid the potential for
false positive results that arise from closely related Neisseria, and other, species. The assay
contains an internal control sequence the must amplify to demonstrate that negative results
are not due to inhibitory substances. The assay does not include a sample adequacy control
that determines whether human DNA is in the specimen.

The results appear on the instrument screen and can be linked to electronic medical records
that use compatible communication systems. The system can operate on 110-220 V power
supplies and requires no external software (i.e., it can be run without being attached to

an external computer). Training for new users requires approximately 5 min, and the
recommended maintenance entails cleaning the exterior of the instrument on a monthly
basis.
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3. Cost-effectiveness and workflow

Cost-effectiveness of POC testing has been modeled from a public health perspective and
from a patient cost perspective. In modeling prevention of new cases and of sequelae,
including PID, Ronn and colleagues predicted that a chlamydia POC test with sensitivity
10% lower than a lab-based assay might actually reduce the prevalence of chlamydia by 5%
and cases of PID by >5,000 when the LTFU is 220% and the proportion of infections treated
immediately (i.e., patients wait for the result while in clinic) is 260% [21]. Furthermore,
studies in the United Kingdom (UK) have estimated that if the cost to run the test is
approximately 25 USD (£20), the test could be cost savings due to the increase in the
proportion of people tested [29]. In both models, these estimates were strongly dependent
on the LTFU rate under the current laboratory-based testing paradigm and the proportion of
people willing to wait for their POC test results to facilitate rapid and accurate treatment.
Widdice et al. demonstrated that among adolescents studied in the Midwestern US, 61%
were willing to wait to be treated, expressing hypothetical willingness to wait up to 20 min,
while 26% were willing to wait up to 40 min for results to be treated before leaving clinic
[30]. In a study performed in a real-world clinical setting in the UK, when using a 90- min
test (median time to results following completion of other clinical activities was 46 min),
only 21.4% of patients actually waited for their results prior to leaving clinic. However,
since results were available via SMS, time to treatment was reduced, on average, to 2 days
[31]. In contrast, when using the binx io system in a US university student health center,

the median time to results following the completion of clinic visits was under 11 min and
88/106 (83%) of students were willing to wait for their result based on the actual time
remaining, despite their class schedules and other time constraints [32]. Thus, the binx io
test may be expected to have high potential for being a cost-savings tool for controlling STIs
given its performance in clinical settings.

The true cost ramifications associated with the binx io assay are unknown as the pricing for
the instrument and the cost of cartridges have not yet been released. However, the efficiency
of the assay from a workflow perspective can provide context within which to evaluate

this platform. The assay comes with a collection device, a fixed-volume transept and the
cartridge. In the future, when other binx io assays may become available, the only change
will be the analyte-specific cartridge, which will increase test menu capacity with very little,
or no training. The cartridge does currently require cold storage before use and if samples
are stored, which is not the intention with a POC test, they are stable at 2—-8°C for up to 7
days. The instrument itself is small, requiring no more than 1 sq. ft. (< 900 cm?2) of bench
space. During clinical studies, the instruments proved to be robust, as some were moved
between testing sites with no mechanical problem arising from the transportation. Therefore,
very limited costs related to service requirements should be expected, but may need to be
studied.

4. Assay performance

Another parameter of the potential impact of an assay is the sensitivity of the assay under
consideration. In some hypothetical models, the importance of the same day test and treat,
which is possible when using a POC test, suggested that even assays with limited sensitivity
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(as low as 65%) could result in a greater proportion of infections being treated than when
using a highly sensitive lab-based NAAT due to LTFU [33,34]. However, for measureable
population level impact, higher sensitivity is desirable [21]. Although the binx CT/NG assay
is not yet being widely marketed, performance data are available from developmental and
research studies and from the US clinical study.

4.1. Analytical performance

The binx io assay was originally developed as a chlamydia only (CT-only) test due to

the limited prevalence of N. gonorrhioeae in the UK and Europe. Analytical data for

the CT-only assay utilized dilutions of C. trachomatis organisms, which demonstrated an
LOD of 25 organisms in transport medium introduced into the cartridge [26]. In this early
evaluation, the CT-only assay using residual vaginal swab samples that had previously been
tested demonstrated 98.0% positive agreement and 98.1% negative agreement with the BD
ProbeTec ET system (BD Diagnostics, Sparks, MD) [26].

Further analytical work was performed for the CT/NG assay in preparation for the
submission for review by the US Food and Drug Administration (FDA) and is described
in the instructions for use package insert. [Available from authors upon request] For
chlamydia, the CT/NG assay was able to reach an LOD of < 6 infection forming units
(IFU)/mL in vaginal matrix and < 7 IFU/mL in male urine. Inclusivity of all 15 traditional
serovars as well as the Swedish Variant was confirmed in both vaginal matrix and male
urine. For gonorrhea, the LOD in colony-forming units (CFU)/mL was determined to be <
3CFU/mL for both vaginal matrix and male urine. Inclusivity for gonorrhea was assessed
using a panel of 30 gonococcal isolates. Exclusivity, or lack of reaction with closely related
species or organisms commonly found in the sample types utilized for the CT/NG assay,
was demonstrated using a panel of 62 species (genomic sequences or whole organisms
depending on availability). No cross-reactivity was observed in these experiments.

4.2. Clinical performance

In clinical studies of the CT-only assay, the performance using vaginal swabs was quite
good with sensitivity ranging from 92.9 to 96.1% and specificity from 97.7 to 98.8%
[30,35]. The largest evaluation to date of the CT/NG assay was the multi-site clinical study
designed to obtain data for FDA review. In this study, participants were enrolled at STD,
obstetrics and gynecology (OB/GYN) and family planning clinics throughout the US [35].
During the study, almost 95% of testing was performed by clinical staff with no laboratory
training. binx io results were compared to a composite infection standard (CIS) using three
commercially available, laboratory-based chlamydia/gonorrhea molecular diagnostic assays
where infection status was defined based on at least 2/3 comparator assay results. Thus if
>2 results were positive, the participant was classified as infected while if =2 results were
negative, the participant was categorized as uninfected. For the single instance where one
result was positive, one was negative and the third was invalid, the participant data were
excluded from analysis. Samples from 1,523 women and 922 men were evaluated with
overall chlamydia positivity (based on the CIS) ranging from 8.5-13.0% for women and
men, respectively, and gonorrhea positivity of 3.0-8.0% for women and men, respectively.
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One sample tested on the binx platform had a final result of invalid due to inhibition of
amplification. The sensitivity and specificity estimates are shown in Table 1.

5. Alternative molecular POC diagnostic solutions

Despite the long-recognized need for molecular POC assays for the detection of STls,

there are currently only two assays, binx io and Cepheid Xpert (Cepheid, Sunnyvale CA),
with both CE-1VVD and FDA-approved status for use with male and female samples. The
Xpert CT/NG assay is easy to use although currently only approved in the US for use by
laboratorians. This assay has successfully been used by clinical staff in studies conducted in
Australia [36]. The Xpert platform has the advantage of an additional test that is available
for detection of 7richomonas vaginalis (TV) DNA.

The time to result of the Xpert assay is approximately 90 min, and this may represents

an unacceptable wait time, particularly in urban settings, for receiving results during the
initial visit. In a study of the logistics of implementation of the Xpert system in a health
clinic setting, while most patients were not willing to wait for result, the overall time to
treatment was reduced to a median of 2 days from a median of 8 days [37]. Thus, the

Xpert offers great public health benefits associated with improved clinical management,
and we can expect even greater benefits to be observed following implementation of the
binx io system because of the shorter time to results. Two other molecular POC assays

are available with either CE-IVD clearance [Table 2] or are currently being evaluated by
the FDA. The Randox STI Array, which runs on a Bosch Healthcare Solutions Vivalytic
Analyzer has CE-IVD status and tests for a panel of pathogens including C. trachomatis,

N. gonorrhoeae, T. vaginalis, Mycoplasma genitalium (MG), Ureaplasma urealyticum (UU),
Mycoplasma hominis (MH), Herpes Simplex Virus (HSV) types 1 and 2, Haemophilus
aucreyi (HD), Treponema pallidum (TP) [38,39]. Unfortunately, the members of this panel
(the first four are recognized sexually transmitted pathogens, the next two (UU and MH)
are likely commensal organisms and the last three are associated with genital ulcer disease)
may be too diverse for use with a single sample such as a vaginal swab or urine. Finally, the
Vishy Medical Sexual Health Test [40,41] can detect chlamydia, gonorrhea and trichomonas
in a multiplex assay that is simple and rapid with inexpensive components. The assay

does not require an instrument to run and provides results in >30 min. Data regarding

the performance of this test were generated using vaginal swabs and are currently under
evaluation at the FDA; no male testing is offered at this point [40,41].

6. Expert opinion

The binx io CT/NG assay is the first molecular POC assay with sufficiently short running
time to have the potential for significantly impacting STI control practice. The test is

simple enough that it was performed almost exclusively by non-laboratorians, including
nurses and administrative staff, during the multi-site US clinical trial. The assay has

recently received CLIA-waived status, which provides US regulatory approval for use by
non-laboratorians. By adapting to a sample-first specimen collection process where the
testing can begin immediately following registration, the results may, in many settings, be
available to the health care provider prior to patient interactions thus facilitating a discussion
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about the meaning of the results, as well as making accurate treatment decisions possible
before the patients leave the clinic. Managing use of antimicrobials rather than relying on
epidemiologic factors and clinical observations is an important strategy in antimicrobial
stewardship efforts.

Over the last two decades, laboratory-based NAATSs have substantially improved our ability
to detect STIs, and this technology is now being successfully adapted for use at the

point of care or in near-patient settings. For such POC tests to be truly effective and

result in improved accuracy of treatment, the time to results needs to be rapid and the
qualifications and training for testing staff needs to be minimal. Cost effectiveness analyses
and modeling can be useful in directing POC test adoption, but these studies rely heavily
on the assumptions utilized, which include sensitivity, time to results, LTFU rates, time

to treatment, and willingness to wait for results. It is clear that studies of adoption and
implementation are needed in order to help define the optimal clinic flow and POC

testing processes in a variety of settings [31,42,43]. Value-based decision making, where
all stakeholders have input, is helpful in adoption of POC tests and should be carefully
considered prior to implementation [44,45]. Adoption of POC tests in LMIC settings will
require special consideration, since cost, infrastructure requirements (e.g., refrigeration,
electricity. etc.), and performance complexity are important barriers to overcome. In some
settings, adoption of less sensitive and cheaper tests must be considered as a viable
alternative [46,47]. In any setting where the binx io or any POC tests are adopted, we
strongly recommend routine testing of quality controls (QC) samples, which can consist

of previously positive and negative samples or purchased QC materials. External quality
assurance and operator proficiency testing should be performed in accordance with local or
national regulations governing medical testing.

Next generation POC assays will likely be multiplexed (e.g., binx health is currently
developing a CT/NG/TV/MG assay and developed a SARS-COV2 PCR-CRSPR-based
assay in 2020, which received FDA Emergency Use Authorization) and will likely begin
to have more rapid time to results. While the SARS-CoV2 pandemic has been disastrous
on a global scale, a positive outcome may be the enormous support for rapid development
of POC technologies. These technologies may very well be applied to the problem of STI
diagnostics more quickly than might have happened in the absence of the pandemic and thus
we may realize an unanticipated benefit. New assays must continue to be highly sensitive
and specific and focus on the ease of use and biosafety features that will support testing

in non-clinical settings. The potential use cases could include testing (not just specimen
collection) at schools, health fairs, retail outlets and ultimately in the privacy of one’s own
home.

Areas of concern remain that may limit adoption of POC testing. In the US, POC tests

are reimbursed by private insurance at rates lower than laboratory-based diagnostics. As

a result, many sites, particularly public health settings, may not be able to afford POC

tests, and many individuals may not be able to pay for these tests unless the costs are

quite low [18]. Other issues that need to be resolved in support of implementation of POC
tests are data management and surveillance issues. Chlamydial and gonorrhea are notifiable
diseases in the US and much of Europe so linking test results to reporting databases will
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be important. Often, POC test results do not easily link to electronic medical records and

the legal requirement for reporting infections for chlamydia and gonorrhea for surveillance
may not be easily accomplished unless the POC test is performed in a healthcare setting.
While these concerns are meaningful, tests like the binx io CT/NG assay may play a role in
overcoming these issues. The availability of a truly rapid, simple test will increase interest in
finding solutions to barriers and moving the field of STI control forward.

Over the coming years, we will see explosive increases in the application of bio-sensing
technologies to the detection of infectious pathogens, and this will include agents
responsible for STIs and detection of antimicrobial resistance genetic markers. The ability
to multiplex will continue to expand, but we need rigorous clinical utility studies that

will determine the appropriate members of testing panels, and we need well-designed
cost-impact studies that consider the cost of testing in the context of negative outcomes

(in addition to infection) averted. Both of these types of studies are expensive and

time consuming, and it is unlikely that assay developers/manufacturers will have the
resources to conduct such studies for each new product developed. Therefore, collaboration
with public health and regulatory agencies will be critical to achieving this goal. Costs
should continue to reduce over time, as there will be less expensive components, newer
technologies that requires less expensive reagents, and healthy market competition with
multiple commercially available choices. The other major advance that we can expect is that
the transition from laboratory to near-patient testing will continue logically to self-testing in
the privacy of one’s home. Like home pregnancy tests and home HIV tests, the technology
is within our grasp and what remains is to make the assays instrument-free, user friendly
and cost rational. Obtaining approval for home testing will not be without challenges, but
these have been faced in other areas (e.g. self-glucose monitoring), and it can be done in the
field of STI control if we have the political will to see it happen. Ultimately, self-testing may
have hurdles but has the potential to be an enormous factor in stigma reduction efforts that
will benefit all people who will need sexual health services over the course of their lifetime.
While laboratory testing will not be eliminated, the available options should allow control
programs to vastly expand their reach and finally provide services, including treatment for
people who have performed self-tests, to the entire population.
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Article Highlights

The binx health /o CT/NG assay is a highly accurate molecular assay that
compares well to laboratory-based molecular diagnostics.

The assay can be performed using male urine or female vaginal swabs.

The testing steps (transfer to the cartridge, and inserting the cartridge and
running the assay) can be performed by health-care providers who have no
laboratory training.

The results are available within 30 min, and the adoption of a sample-first
clinic flow facilitates the availability of results before the conclusion of the
clinic visit.

The assay supports test and treat in a single visit that is important for accurate
treatment.

The future promises more tests on the market with options to detect a greater
number of pathogens and/or antimicrobial resistance genetic marker

Expert Rev Mol Diagn. Author manuscript; available in PMC 2022 May 23.
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Screen displays
positive or negative
result

Self/clinician-
collected sample

User adds sample to
cartridge and loads
cartridge into instrument.

Figure 1.
The process of performing the binx io test from left to right: patient or clinician collects

a sample, the sample is added, using a fixed volume transept, to the cartridge that is then
placed in the io instrument, after ~30 min results of positive or negative are available.

Expert Rev Mol Diagn. Author manuscript; available in PMC 2022 May 23.
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Detection
Proprietary highly sensitive
electrochemical detection

Electrode connectors 4 x Detection chambers
(to Instrument)

Pneumatic interface
(to Instrument)

- - Blister packs containing
Ampllficatlon extraction reagents

Ultra-rapid PCR

2x PCR chambers
(on underside) Sample port Sample
preparation
Isolation valve Fully automated
(permanently sealed at DNA extraction
end of test to prevent from
contamination) Waste chamber filled unprocessed

with absorbent material clinical sample
(to prevent leakage)

Figure 2.
The chambers for sample preparation, amplification and detection inside the cartridge and

the placement of reagents and features of the cartridge are shown in detail.

Expert Rev Mol Diagn. Author manuscript; available in PMC 2022 May 23.
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label at a specific potential
generates a measurable current

DNA from a positive clinical Ultra-rapid multiplex PCR of Hybridisation of sequence-specific  Release of electrochemical Oxidation of free electrochemical
sample is extracted and purified each target electrochemically-labelled probe label with a double strand
on-board the cartridge using to PCR product exonuclease

wet blister reagents

Figure 3.
The chemistry of electrochemical detection utilized by the io system are shown.

Expert Rev Mol Diagn. Author manuscript; available in PMC 2022 May 23.
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