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Background: To assess the potential market for 2 hypothetical diagnostic
tests, one forNeisseria gonorrhoeae/Chlamydia trachomatis (NG/CT) detec-
tion and one for NG antimicrobial resistance (AMR) marker identification.
Methods: This is a qualitative interview-based study. Semistructured inter-
views with global- and country-level experts were performed. Interviewees
were provided with simplified versions of Foundation for Innovative New
Diagnostics/World Health Organization–developed target product profiles
for each test. Interviewees were asked to comment on use cases, test charac-
teristics, and factors that may influence test adoption.
Results: Twenty-one experts were interviewed, including 15 country-level
experts (from South Africa, India, Zimbabwe, Ghana, China, Peru, Kenya,
and Cambodia). Interviewees welcomed an NG/CT point-of-care test, with
near-universal preference for a test that could detect symptomatic and
asymptomatic infections. Interviewees also saw value in a test that could be
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used to screen high-risk populations. Factors that may drive adoption of the
NG/CT test identified by interviewees included price, cost-effectiveness,
evidence of public health benefit, and World Health Organization guidance.
Interviewees felt that AMR test use would likely be limited to patients
failing first-line treatment.
Conclusions: Although the potential target population for an NG/CT diag-
nostic test in low- and middle-income countries is sizeable, there are areas of
uncertainty relating to the price of the test and its intended use, warranting
further research to determine the most effective positioning. An NG AMR
test would likely be used very selectively.

In 2016, there were an estimated 87 million new cases of gonorrhea
globally.1 Gonorrhea is often asymptomatic in infected women, of

whom only around 34% exhibit symptoms.2 However, infection can
result in severe complications including infertility, pelvic inflamma-
tory disease, and adverse pregnancy outcomes. Although gonorrhea
is treatablewith antibiotics,Neisseria gonorrhoeae (NG) has progres-
sively developed resistance to most available antibiotics, including all
those that have to date been recommended for first-line treatment,
raising concern for the longevity of the remaining and future ther-
apies.3,4 Currently, World Health Organization (WHO) guidelines
recommend the use of cefixime or ceftriaxone, in combination with
azithromycin, for NG infection,5 but resistance to these “last-line”
antibiotics is increasing.6,7

The prevalence of gonorrhea in low- and middle-income
countries (LMICs) is particularly high.1 Management of gonorrhea
and other sexually transmitted infections (STIs) in LMICs is largely
based on a syndromic approach,8 in which patients are identified
and treated on the basis of characteristic signs and symptoms; for
gonorrhea, these include urethral or vaginal discharge and lower
abdominal pain. This inevitably leads to overtreatment, which is
thought to be one of the drivers of antimicrobial resistance (AMR),
and to missed treatment, which can facilitate further transmission
and lead to severe complications in untreated patients. Syndromic
management has been successful in reducing the prevalence of STIs
over the years, but has now reached its limits for the aforementioned
reasons.9,10 Etiological case management, in which only patients with
a positive NG orChlamydia trachomatis (CT) diagnosis receive treat-
ment, is therefore highly desirable.11,12

Current diagnostic tests for NG include Gram staining of
urethral discharge smears and bacterial culture. Smears have limited
sensitivity in populations other than men with urethral discharge,
whereas culture takes several days and cannot be performed at the
point of care (POC).4 Nucleic acid amplification tests for NG and
CT are available, but cost and operational restrictions limit these
to higher levels of health care in selected countries.4 To enable ef-
fective etiological case management, a rapid and easy-to-use POC
diagnostic test that can provide accurate results that immediately
ransmitted Diseases • Volume 47, Number 10, October 2020
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Barriers to Access to New Gonorrhea POC Tests
inform treatment is required. If sensitivity is sufficiently high,
such a test could also be used to screen high-risk groups to identify
asymptomatic infections, which are estimated to make up a sub-
stantial proportion of overall cases.

Current methods to detect AMR in patients with gonorrhea
also rely on slow bacterial culture techniques that do not return re-
sults in a time frame conducive to treatment. A POC AMR test,
however, could be used to inform the selection of antibiotics for
treatment, allowing the most appropriate antibiotics to be prescribed
for each case and potentially reducing the development of resis-
tance. A molecular assay for the detection of NG and ciprofloxacin
susceptibility has been recently approved13,14; however, utility in
most African and Southeast Asian countrieswould be limited owing
to the already high levels of resistance to this antibiotic.6 An AMR
POC test that can detect resistance to ceftriaxone, cefixime, and
azithromycin would be of greater value in these settings.

To drive the development of new tools for gonorrhea con-
trol and antibiotic stewardship,WHO and the Foundation for Inno-
vative New Diagnostics have developed target product profiles
(TPPs) for 2 potential diagnostic tests.15,16 The first TPP (TPP1)
is for a test to detect NG (with or without the ability to detect
CT infection). Twoversions of the tests are being considered: a test
that will improve on the performance of syndromic management
by identifying NG/CT in symptomatic patients and a second, more
sensitive version that could be used for screening asymptomatic
populations. The second TPP (TPP2) is for a test to identify NG
resistance markers (either alone or in combination with NG/CT
diagnosis).

The potential market size for these tests is substantial. Using
published prevalence data, it can be estimated that more than
Figure 1. Estimating number of symptomatic patients eligible for NG/CT
symptomatic patients and percentage presenting to care taken fromNew
discharge; UD, urethral discharge.
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70 million people in LMICs are symptomatic and likely to present
for NG/CT testing, assuming that 40% of men and 30% of women
seek care (Fig. 1).1,2,17 The total sizes of the high-risk and vulnerable
populations that may be considered for asymptomatic NG/CT screen-
ing are also large, with an estimated 4 million female sex workers,
4.9 million men who have sex with men (MSM), 130,000 people en-
rolled in HIV preexposure prophylaxis (PrEP), 107 million pregnant
women seen at antenatal care clinics, and 509 million young women/
adolescents (although only a fraction of these young women would
be considered high risk).17 However, despite these sizeable eligible
populations, a number of factors, including affordability and opera-
tional constraints, will limit actual demand. The objective of this
study was to gain qualitative insights into the potential demand for
both diagnostic tests under various use scenarios. For this research,
we took an exploratory approach through global- and country-level
expert interviews to gain a broad range of views.
MATERIALS AND METHODS
Both global- and country-level experts were interviewed.

Country-level experts were persons involved in national STI pro-
grams or surveillance, local academics, or persons involved in
nongovernmental implementation program. Global experts were
fromWHO or other health care organizations with interest in diag-
nostics and/or STIs. The interviews were performed by a single in-
terviewer by telephone, according to a semistructured interview
guide. The interviewer was an experienced global health markets
expert. Separate guides were developed for global-level experts
(Supplementary Figure 1A, http://links.lww.com/OLQ/A517) and
country-level experts (Supplementary Figure 1B, http://links.lww.
testing. Incidence estimates taken from Rowley et al.,1 percentage of
man et al.,2 and assumptions from Korenromp et al.17 VD, vaginal
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com/OLQ/A518). Interviews were carried out between February
and March 2019.

The interviews centered around simplified versions of the
draft TPPs that were available at the time of the study (Table 1)
and shown to the interviewees. Four potential primary use scenarios
were described: (a) the NG/CT diagnostic test in symptomatic pa-
tients only, (b) the NG/CT diagnostic test for testing symptomatic
patients and screening asymptomatic patients, (c) an AMR test for
use in confirmed NG cases, and (d ) a comprehensive NG/CT di-
agnosis and AMR test.

The interviews focused on understanding the local context
in terms of gonorrhea and AMR control (for country-level experts),
prioritization of test options and potential use cases, key test char-
acteristics, and identification of factors that could influence test
adoption. Interviewees were asked which of the tests were most
important from a public health perspective and why, and to com-
ment on which use cases would be most likely to be adopted.
Country-level experts were also asked about current guidelines,
practice, and structure of care in their countries.

Because this was an interview study only, no institutional
review board or ethics committee approval was required.
RESULTS

Expert Demographics
Twenty-one experts were interviewed, including 15 country-

level experts (5 from South Africa, 4 from India, and 1 each
from Zimbabwe, Ghana, China, Peru, Kenya, and Cambodia;
TABLE 1. Simplified TPPs Used During Expert Interviews

TPP1: Diagnosis of NG and CT in Symptomatic Patients

Purpose Diagnosis of gonorrhea and chlamydia
Use scenario Primarily for use in symptomatic patients at primary hea
Sample type Vaginal swab (female) and urethral swab (male; possibly
Time to result 10–30 min
Sensitivity Better than syndromic management; not high enough fo
Cost ~US$1

TPP1: Diagnosis of NG and CT in Symptomatic and Asymptomatic P

Purpose Diagnosis of gonorrhea and chlamydia
Use scenario In symptomatic patients in primary health care and for s
Sample type Vaginal swab (female) and urethral swab (male; possibly
Time to result 10–30 min
Sensitivity Sufficiently high to detect asymptomatic cases of gonorr
Cost ~US$5

TPP2 (Resistance Only): Individualized Treatment for Confirmed NG

Purpose Identify resistance to 2 common antibiotics in confirmed
Use scenario In patients testing positive for gonorrhea, most likely at
Sample type Vaginal swab (female) and urethral swab (male; possibly
Time to result 20–60 min
Format Either an easy to use, sample-in answer-out, POC instru
Cost ~$US5 to $US10 per test cartridge; ± an instrument cos

TPP2 (Comprehensive): Diagnosis of NG and CT (High Sensitivity) an

Purpose Diagnosis of NG and CT (symptomatic and asymptoma
(genetic markers)

Use scenario Most likely use at facilities with a small laboratory area (po
Sample type Vaginal swab (female) and urethral swab (male; possibly
Time to result 20–60 min
Format Either an easy to use, sample-in answer-out, POC instru
Cost ~$US5 to $US10 per test cartridge; ± an instrument cos

CT indicates Chlamydia trachomatis; NG, Neisseria gonorrhoeae; POC, po

700 Sexually T
Table 2). Six interviewees either worked directly for a national
STI/HIV program or advised the programs at the national or
state level, 2 worked for the national disease surveillance institute,
4 were local academics, and 3 were from local nongovernmental
organizations or implementation programs that deliver services
and conduct research. Country-level experts' feedback related
to knowledge of their local setting, including operational and
financial challenges, whereas global experts' opinions were
primarily related to national implementation of global policies
and guidelines.
NG/CT Test: Use Scenarios
In general, interviewees stated that they would welcome an

NG/CT POC test. There was near-universal preference for a test
that could detect symptomatic and asymptomatic infections.

There were differing views between and within countries
regarding the primary use of theNG/CTPOC test. Some interviewees
prioritized testing of symptomatic patients to reduce antibioticmisuse,
given the current evidence of increased overtreatment rates with
syndromic management approaches. Indian experts in particular be-
lieved that local prevalence has reduced, thus syndromicmanagement
was severely overtreating and should be replaced with a test-and-treat
strategy. However, in settings with a higher burden of STIs and HIV
such as Kenya and Southern Africa, there was a greater focus on
screening of asymptomatic patients. Some experts felt that HIV
cannot be tackled without attention to other STIs and were con-
cerned about the large asymptomatic population, especially with
regard to infections in young women and adolescents, and about
lth care level
urine, rectal, pharyngeal)

r asymptomatic cases

atients

creening of asymptomatic patients
urine, rectal, pharyngeal)

hea

Cases (Already Diagnosed)

gonorrhea cases
facilities with a small laboratory area
urine, rectal, pharyngeal)

ment with disposable cartridges or a disposable cartridge ± a reader
ting US$5000–US$7000

d Individualized Treatment

tic) and identification of resistance to 3 commonly used treatments

ssibility of use at primary health care level if disposable cartridge format)
urine, rectal, pharyngeal)

ment with disposable cartridges or a disposable cartridge ± a reader
ting US$5000–$US7000

int of care; TPP, target product profile.
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prevalence and potential resistance in MSM and female sex worker
populations. South African interviewees generally placed less em-
phasis on testing of symptomatic people, considering testing instead
of syndromic management as a “nice to have,” because there was
already a well-validated syndromic system. The evidence base for
a public health benefit of introducing diagnostics into syndromic
management was described as “thin,” although a recent review
has suggested otherwise.9

There were differences with respect to prioritization of test-
ing among symptomatic men versus women. Several interviewees
implied that testing was needed for women because they are
significantly overtreated, because of providers often neglecting
to inquire about risk factors or perform speculum examinations.
That said, a couple of interviewees worried about the sustain-
ability of testing all symptomatic women and suggested that filters
would still be needed to target testing. Asymptomatic infections in
women were also a major concern in some settings.

Overall, interviewees saw great value in screening high-risk
populations. For example, in South Africa, the following use
scenarios were prioritized for a screening test: (1) screening
of pregnant women, (2) incorporation of screening into PrEP
programs, (3) screening of sex workers and MSM populations,
and (4) screening of anyone testing HIV positive. Screening of
adolescent and young women was also considered to be important
in Southern Africa, but given the large size of this population
and the difficulties in accessing them, some doubted whether an
effort like this would be feasible or worthwhile. Indian interviewees
also highlighted a clear role for screening of high-risk groups, as
sex workers who visit clinics are often presumptively treated for
NG/CT; testing would therefore reduce overtreatment and save
on treatment costs.

NG/CT Test: Key Test Characteristics
Key test characteristics mentioned by interviewees included

turnaround time, sample collection methods, and the ability to
test for multiple STIs. Turnaround time was considered critical,
as it is relevant both in reducing overtreatment and in screening
asymptomatic individuals who may not be inclined to wait for a
TABLE 2. Affiliations and Countries of Expert Interviewees

No. Organization

1 World Health Organization
2 Global Antibiotic Research and Development Par
3 Foundation for Innovative New Diagnostics (FIND
4 Sweden National Reference Laboratory for STIs
5 Western Sydney Sexual Health Centre/University
6 University College London, Centre for Gender an
7 Wits Reproductive Health and HIV Institute, Univ
8 National Health Laboratory System
9 Anova Health Institute
10 Foundation for Professional Development
11 National Institute for Communicable Diseases
12 National AIDS Control Organization
13 STI advisor, formally National AIDS Control Org
14 Private practice, former national STI advisor
15 Centers for Disease Control and Prevention/Chris
16 US Centers for Disease Control and Prevention
17 National Center for AIDS/STD Control and Preve
18 Kwame Nkrumah University of Science and Tech
19 Kenya Medical Research Institute
20 School of Public Health
21 Harare Skin & Genito-Urinary Medicine Clinic

AIDS indicates acquired immunodeficiency virus; STD, sexually transmitted
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result. Interviewees suggested that turnaround times in the 10- to
30-minute range would be ideal. Minimally invasive sampling
methods, including urine or self-swabs, were preferred owing to
the challenges related to performing speculum examinations in
crowded, underequipped clinics. Interviewees suggested that health
worker acceptance of tests would be higher if additional STIs were
included in the test.
NG/CT Test: Factors Driving Adoption
The test price was the most frequently mentioned factor

driving adoption of any new test. One interviewee explained
that because gonorrhea is not a fatal disease, other conditions
are often prioritized above it. Some interviewees referenced
first-line treatment prices, that is, around US$1 to US$2, as
the upper limits of an acceptable price for a diagnostic test.
One country-level expert considered the proposed test prices
(US$1–$US5) as a big deterrent to test adoption, suggesting that
“the diagnostic cost cannot be higher than the treatment cost.”
However, other experts were open to higher prices, suggesting that
US$3 was acceptable (US$5 was acceptable only to the Chinese
expert, likely because the first-line treatment cost is relatively high
in China).

Other factors mentioned as important for adoption of test-
ing included evidence of cost effectiveness, evidence of public
health benefit, and WHO guidance (Fig. 2). A few interviewees
also suggested that the cost of gonorrhea treatments would be crit-
ical to prioritization of syndromic management versus a test-and-
treat approach, as when treatments are inexpensive, syndromic
management with etiological validation is considered acceptable,
but as treatment costs increase, there is more scope for diagnostic
testing.

Of note, none of the interviewees mentioned alternative
diagnostics such as Gram staining as potential competition for
an NG/CT POC test. Rather they felt that any competition would
arise from continued syndromic management. For example, the
institutionalized nature of syndromic management in India (e.g.,
the drug prepackaging system, dispensing by nonmedical staff )
Country

Global
tnership Global
) Global

Global
of Sydney Global
d Global Health Global
ersity of the Witwatersrand South Africa

South Africa
South Africa
South Africa
South Africa

India
anization India

India
tian Medical Association of India India/Sri Lanka

Cambodia
ntion China
nology Ghana

Kenya
Peru

Zimbabwe

disease; STI, sexually transmitted infection.
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Figure 2. Drivers of NG/CT test adoption in symptomatic patients identified from expert interviews.

Ferreyra et al.
might be a barrier, whereas in South Africa, presumptively treating all
members of high-risk groups is under consideration.
AMR Test: Use Scenarios
China was the only country that believed in a scenario in

which all patients testing positive for NG would be tested with
the AMR test. In the other countries, experts felt that AMR test use
would be very limited and only used on patients suspected of hav-
ing failed first-line treatment. The scenario described by several
interviewees was that of a previously treated patient returning to
clinic uncured, following which an AMR test would be performed
at a referral facility (STI clinic, district or higher-level facility, de-
pending on the country). Interviewees did not envision extensive
use of the resistance test or deployment at primary level (unless
the test was in a simple, disposable format and at a reduced price).

Other use scenarios suggested included using the test in
a way that combines patient management and surveillance, for
example, routine use of an AMR POCTat sentinel sites to mon-
itor resistance levels or routine use of the test in selected key
populations with particularly high gonorrhea prevalence. Some
experts could envision a situation whereby if a new, signifi-
cantly more expensive gonorrhea treatment became available
(i.e., >$10/treatment), it would be reserved for documented re-
sistant infections, and hence, diagnostics would be needed both
to confirm the infection and resistance. One interviewee sug-
gested that syndromic management remain and that any patient
not responding to treatment should be tested using the compre-
hensive resistance test (i.e., NG/CT diagnosis and resistance
testing combined).

Experts were uncertain about the idea of an AMR POC test
replacing culture for patient management, even though the yields,
quality, and turnaround time of culture are not optimal for patient
management.
702 Sexually T
DISCUSSION
The populations eligible for NG/CT testing are sizeable,

and experience with the syndromic approach that has been used
to date has highlighted a need for a change of paradigm in the
management of STIs, particularly with the growing number of
NG strains with resistance to current antibiotics. There is a grow-
ing evidence around the benefit of antibiotic stewardship to avert
AMR, which will require a move toward etiological case manage-
ment. However, the experts interviewed in this study highlighted a
number of challenges and uncertainties relating to diagnostic test
adoption, similar to those described during the introduction of
other POC tests.18–20 The experts suggested that actual demand
will be limited by affordability, guidelines, evidence, and willing-
ness to pay. There was enthusiasm among the interviewees for a
test that can be used for screening of high-risk groups, although
opinions between and within countries differed. If forced to
choose, most experts stated that they would prioritize screening
high-risk/vulnerable populations over testing and treating symp-
tomatic populations, whereas a few recommended the opposite.
This divergence seems to stem from different perspectives and
competing priorities: although some experts were focused on
reducing overtreatment and AMR, others felt that the burden
of STIs is dominated by asymptomatic cases, and therefore, a
greater impact could be generated by screening these popula-
tions. This lack of consensus warrants additional exploration,
as it will affect the positioning of any new diagnostic test, and
has implications for the evidence base and arguments that would
be needed to support test adoption. Further data from other countries
would help to better understand preferences regarding screening
versus test and treat.

As expected, price was noted as the strongest driver of
adoption. Notably, while interviewees stressed the importance of
affordability, many also preferred a test that can detect asymptom-
atic infections, which is likely to have higher costs than a simpler,
ransmitted Diseases • Volume 47, Number 10, October 2020
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less sensitive test for diagnosis in symptomatic patients. For such a
test to be adopted, economies may need to be used, although this
will only be achievable if the market is sufficiently sizeable. Inter-
viewees noted turnaround time as a key test characteristic, and this
characteristic may provide scope for using versions of these tests
in high-income countries, as the time to return results will be
faster than existing nucleic acid amplification test–based systems.
Should the tests be viable in high-income settings, a strategy of
income-based differential pricing might be possible. Further data
on willingness to pay and assessment of high-income country
markets are required.

An AMR test was not an immediate priority for most
country-level experts. An AMR test would be likely be used
very selectively, for example, for testing of treatment failures.
However, the number of patients eligible for testing under this
scenario would be low, as only a small fraction of confirmed
NG cases will fail treatment, return to clinic, and complete
the follow-up.

Some interviewees proposed alternative use scenarios for
the AMR test, such as routine use at sentinel sites to monitor re-
sistance levels when there is no access to microbiology laborato-
ries and no surveillance system is in place, or in selected key
populations (e.g., populations with particularly high gonorrhea
or urethral discharge risk, such as MSMs, commercial sex workers,
or people enrolled in PrEP). These suggested use cases seem to
stem from a sense that current surveillance and resistance mon-
itoring in high-risk populations is inadequate; many inter-
viewees focused on the need for strengthening local surveillance
systems rather than on new AMR diagnostics. Given the relative
size of key populations or number of samples tested at a sentinel
site, overall volumes of tests required for activities such as these
would be small.

Generally, the lack of a secure market for new diagnostic
tests in low-resource settings, apart from thosewith large program-
matic donors (i.e., HIV, tuberculosis, or malaria), is a disincentive
for private investors. In the era of AMR and increasing prevalence
of NG worldwide, the AMR test could play a strong role in stew-
ardship of current and new antibiotics; however, the low priority of
STIs in many settings and the fact that AMR is not included in
many donor portfolios represent a barrier. Although there have
been some investments in research and development related to
AMR, these have mostly focused on the development of new
antibiotics, and few advances have been made to tackle AMR
in LMICs, in particular at the primary health care level. Market
interventions, including new funding and procurement models
designed to support AMR efforts in low-resource settings, are
urgently required.21

A limitation of this study was the small number of inter-
viewees and number of countries covered by the interviews, al-
though given the current dearth of data on access to gonorrhea
testing, the findings represent valuable new information. Addi-
tional input from a broader set of countries and experts would help
to validate these findings. Furthermore, the semistructured nature
of the interviews could have introduced bias.

As with all interview-based studies, our conclusions are
based on expert opinion rather than quantitative evidence. In gen-
eral, the lack of epidemiological and effectiveness evidence upon
which to make decisions was highlighted as a significant gap,
especially at the local level, and more research will be required
to justify the adoption of new tests and diagnostic strategies, es-
pecially with limited budgets and competing priorities. Other
research gaps include analysis of how syndromic management
might overdiagnose NG, as well as the composition of high-risk
groups and the time to develop resistance with current treat-
ments, to help inform diagnostic placement decisions. Analogous
Sexually Transmitted Diseases • Volume 47, Number 10, October 2
markets such as HIVand syphilis screening programs might also
provide useful insights and potential funding from existing do-
nors in such populations.

In conclusion, the potential target population for an NG/
CT diagnostic test in LMICs is sizeable, but there are many
areas of uncertainty, notably relating to the price of the test
and its intended use. This lack of consensus warrants further re-
search and evidence generation to determine the most effective
positioning of new NG/CT diagnostic tests and to support test
adoption. A more in-depth assessment of selected countries is
currently underway to better understand the challenges identi-
fied in this study.
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