PLOS NEGLECTED TROPICAL DISEASES

Check for
updates

G OPEN ACCESS

Citation: Fongwen N, Handley BL, Martin DL,
Beiras C, Dyson L, Frimpong M, et al. (2022)
Diagnostics to support the eradication of yaws—
Development of two target product profiles. PLoS
Negl Trop Dis 16(9): €0010554. https://doi.org/
10.1371/journal.pntd.0010554

Editor: Justin D. Radolf, University of Connecticut
Health Center, UNITED STATES

Received: June 1, 2022
Accepted: August 15, 2022
Published: September 1, 2022

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pntd.0010554

Copyright: This is an open access article, free of all
copyright, and may be freely reproduced,
distributed, transmitted, modified, built upon, or
otherwise used by anyone for any lawful purpose.
The work is made available under the Creative
Commons CCO public domain dedication.

Data Availability Statement: All relevant data are
within the manuscript.

Funding: The authors received no specific funding
for this work.

RESEARCH ARTICLE

Diagnostics to support the eradication of
yaws—Development of two target product
profiles

Noah Fongwen’, Becca L. Handley', Diana L. Martin?, Camila Beiras®, Louise Dyson?,
Michael Frimpong?®, Oriol Mitja®, Kingsley Asiedu®, Michael Marks'"8*

1 Department of Clinical Research, Faculty of Infectious and Tropical Diseases, London School of Hygiene
and Tropical Medicine, Keppel Street, London, United Kingdom, 2 Division of Parasitic Diseases and Malaria,
Centers for Disease Control and Prevention, Atlanta United States of America, 3 Fight Aids and Infectious
Diseases Foundation, Badalona, Spain, 4 The Zeeman Institute for Systems Biology & Infectious Disease
Epidemiology Research, School of Life Sciences and Mathematics Institute, University of Warwick, Coventry,
United Kingdom, 5 Kumasi Centre for Collaborative Research, Kwame Nkrumah University of Science &
Technology, Kumasi, Ghana, 6 Department for the Control of Neglected Tropical Diseases, World Health
Organization, Geneva, Switzerland, 7 Hospital for Tropical Diseases, University College London Hospital,
London, United Kingdom, 8 Division of Infection and Immunity, University College London, London, United
Kingdom

* michael.marks @Ishtm.ac.uk

Abstract

Background

Yaws is targeted for eradication by 2030, using a strategy based on mass drug administra-
tion (MDA) with azithromycin. New diagnostics are needed to aid eradication. Serology is
currently the mainstay for yaws diagnosis; however, inaccuracies associated with current
serological tests makes it difficult to fully assess the need for and impact of eradication cam-
paigns using these tools. Under the recommendation of the WHO Diagnostic Technical
Advisory Group (DTAG) for Neglected Tropical Diseases(NTDs), a working group was
assembled and tasked with agreeing on priority use cases for developing target product pro-
files (TPPs) for new diagnostics tools.

Methodology and principal findings

The working group convened three times and established two use cases: identifying a single
case of yaws and detecting azithromycin resistance. One subgroup assessed the current
diagnostic landscape for yaws and a second subgroup determined the test requirements for
both use cases. Draft TPPs were sent out for input from stakeholders and experts. Both
TPPs considered the following parameters: product use, design, performance, configura-
tion, cost, access and equity. To identify a single case of yaws, the test should be able to
detect an analyte which confirms an active infection with at least 95% sensitivity and 99.9%
specificity. The high specificity was deemed important to avoid a high false positive rate
which could result in unnecessary continuation or initiation of MDA campaigns. If used in
settings where the number of suspected cases is low, further testing could be considered to
compensate for imperfect sensitivity and to improve specificity. The test to detect azithromy-
cin resistance should be able to detect known genetic resistance mutations with a minimum
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Conclusions

The TPPs developed will provide test developers with guidance to ensure that novel diag-
nostic tests meet identified public health needs.

Author summary

Accurate diagnostic tests are needed to aid yaws eradication efforts. Diagnostic tests are
important for determining where yaws is present and for monitoring eradication efforts.
Whilst there are tests available, they have limitations and will not all be suitable in all set-
tings, especially as disease prevalence reduces in the move towards eradication. Therefore,
new diagnostics solutions are needed. To aid with this, we determined the programmatic
areas of greatest need (use cases) and then developed a shortlist of product requirements
(target product profiles, or TPPs) for each scenario. These TPPs can then be used by prod-
uct developers to ensure that novel diagnostic tools in development are fit for purpose.
There were two programmatic use cases for which yaws TPPs were developed. The first
TPP focused on diagnostics to detect a single case of yaws in a community, thus highlight-
ing the need for, or continuation of mass drug administration efforts. The second TPP
lays out the requirement for a test that can detect resistance to azithromycin, the antibiotic
used for the eradication campaigns. This will be key to rapidly detect emergent antibiotic
resistant bacteria and prevent it from being passed on.

Introduction

Yaws is a bacterial infection caused by infection with Treponema pallidum subsp. Pertenue..
More than 80 countries and territories are known to have previously reported or currently
report cases of yaws. The disease is now predominantly reported in West and Central Africa
and the Pacific but has previously been endemic throughout the tropics [1,2]. Most cases of
yaws are found in children. Transmission is believed to occur primarily through skin-to-skin
contact with infectious lesions of yaws. T.pallidum subsp pertenue is closely related to T.palli-
dum subsp. pallidum, the causative agent of syphilis, but unlike the latter is not transmitted
through sexual contact or from mother to the developing foetus during pregnancy.

The clinical course of yaws starts with primary yaws, characterised by a single infectious
lesion. If the individual is untreated, the initial lesion will heal but the infection will continue.
This asymptomatic state is called latent yaws [3]. The individual may then develop secondary
yaws, during which time new infectious lesions occur. The patient may alternate between
asymptomatic latent yaws and further episodes of secondary yaws for several years. If patients
remain untreated for a long time (>5 years), they may develop tertiary yaws, characterized by
lesions that are destructive and disfiguring but not infectious.

Yaws has been targeted for eradication since the mid-20" century. Previous efforts focused
on the use of mass or targeted treatment with penicillin. Although these efforts reduced the
prevalence of yaws substantially they were ultimately not successful at achieving eradication
[1]. In 2012, the World Health Organization (WHO) launched a new strategy—‘the Morges
strategy’—based on mass treatment with azithromycin [4]. Central to this strategy is the identi-
fication of all endemic communities, followed by community mass treatment of the whole
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population. This is known as total community treatment or TCT. Implementation of this strat-
egy has been piloted on a small scale in several settings.

Once the number of yaws cases has fallen, the strategy switches to total targeted treatment
(TTT) which involves ongoing case finding to identify and treat remaining cases and their
close contacts. Once no further cases of yaws are detected, the programme switches to surveil-
lance, including serological surveillance of children aged <5 years [4].

As the aim of the programme is eradication, detection of single cases is important. This
occurs in 2 scenarios: i) deciding whether to initiate a programme-in this setting finding a sin-
gle yaws case is sufficient to declare a community endemic and needing treatment; and ii) sur-
veillance after mass treatment-in this setting it is important to ensure that there is not even a
single suspected case that is truly yaws so that interventions can safely stop.

A major concern has been the identification of a small number of cases of yaws which have
developed resistance to azithromycin [5]. In Papua New Guinea, long term follow up studies
have reported Azithromycin resistant yaws cases 24 months post MDA [6,7]. Two point muta-
tions (A2059G and A2058G in the 23S ribosomal genes) are known to confer resistance to azi-
thromycin in T.pallidum subsp pallidum, and both have now has been detected in T.pallidum
subsp pertenue. Detection of phenotypic resistance is complicated by the inability to routinely
culture T. pallidum, and therefore the focus of resistance detection is on a) identification of
cases of clinical treatment failure, and b) identification of known mutations associated with
resistance to azithromycin.

The availability of point-of-care tests and PCR testing facilities for yaws remains a critical
issue for all countries to reach 2030 yaws eradication target as outlined in the 2021-2030
Neglected Tropical Diseases (NTD) roadmap [8]. WHO’s Department of Control of Neglected
Tropical Diseases manages a diverse portfolio of diseases, each with its own unique epidemio-
logical and diagnostic challenges. It was decided by the Strategic and Technical Advisory
Group (STAG), the principal advisory group to the Director-General of WHO on the control,
elimination and eradication of NTDs, that a single WHO working group would help ensure
that a unified approach could be used to identify and prioritize diagnostic needs, and to inform
WHO strategies and guidance on the subject [9].

The first meeting of the Diagnostic Technical Advisory Group (DTAG), an advisory group
to the Department of Control of Neglected Tropical Diseases, was held in Geneva, Switzerland,
on 30™ and 31* October 2019. DTAG members discussed priorities for the year ahead as well
as how to manage the complexity of supporting the diagnostics agenda across the entirety of
WHO’s NTD portfolio. Recommendations were made, based on the understanding that they
would be reviewed at the next meeting, as it had been made clear that all NTDs had diagnostic
needs which would have to be addressed in due course. One of the recommendations was that
target product profiles (TPPs) for diagnostics were needed to support emerging yaws control
and eradication programmes.

In this manuscript, we report the process used in developing the TPPs for yaws, the TPP
specifications and the assumptions made. The purpose of these TPPs is to support the yaws
eradication strategy by describing the preferred and the minimally acceptable profiles for diag-
nostics for ‘detection of a case of yaws’ and ‘detection of an azithromycin-resistant case of
yaws’. In doing so the TPPs provide guidance to test developers as to what test characteristics
are likely to be required for a test to be adopted as part of the yaws eradication strategy. For
detection of a case of yaws, the tool or tools must be able to detect a single case of active yaws
infection. For detection of a case of azithromycin-resistant yaws, the tool or tools must be able
to detect mutations known to be associated with azithromycin resistance in yaws.
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Step 1:
Determine if
WHO TPP is
needed and

clarify the
unmet public
health need

Methods

Upon recommendation of the DTAG, WHO formed a group of skin NTD experts, clinicians
and other stakeholders. Different subgroups for skin NTDs were formed including the yaws
subgroup. The seven member yaws subgroup met from January 2021 to April 2021 to agree on
priority use cases for the TPPs and execute the process for the developments of the TPPs. The
two priority use cases for yaws were: identifying a single case of yaws (case detection) and
detecting azithromycin-resistant yaws. Two expert subgroups were formed, one to determine
the attributes required for each use case (use case characteristics) and another to conduct land-
scaping of the available diagnostic assays. TPPs were intended to help guide test developers so
that any newly developed diagnostic assays were capable of addressing prioritized public health
needs. Using the WHO core TPP development process (Fig 1), the expert subgroups for yaws
convened online a total of three times to discuss and determine attributes required for each
use case.

TPPs for each use case considered the following parameters: product use, design, perfor-
mance, product configuration and cost, and access and equity. Initial Draft 0 requirements
in each TPP were selected based on landscape analyses, use case needs analysis and diagnos-
tics performance modeling developed through a consultative process coordinated by the
WHO Department of the Control of Neglected Tropical Diseases. For certain elements in
each use case, parameters were defined at the outset, and assumptions were made to move
forward with sensitivity and specificity calculations. These included recognizing that reach-
ing eradication of yaws requires detection of individual cases, that repeated testing would
be possible for suspected cases when case numbers approach zero, and that additional tools
such as sequencing may be needed for case confirmation in some circumstances. For the
azithromycin resistance TPP a key consideration was the availability of a safe alternative
treatment in the form of injectable benzathine-penicillin. The yaws subgroup critically
reviewed and modified the zero draft where warranted. The zero draft was sent to the
DTAG for review and comments.

After revising based on the comments from the DTAG, the yaws subgroup finalized the
TPP details, and draft 0.1 TPPs were posted on the WHO website for public comment in July
2021. Comments received were shared with the experts, and TPPs were revised accordingly to
generate version 1.0 TPPs.

Step 2: Step 3:

Define scope Determine

and purpose whether there is

of TPP an audience for
such aTPP
outside of WHO

Step 4: Step 5: Step 6: Step 7: Step 8:
Constitute a Develop version Post version 0.1 Share comments Upload version
scientific group: zero draft of TPP. for public received with the 1.0 to WHO TPP
to develop TPP with TPP consultation for TPP development repository in the

development a period of 28 group and revise Global Health
group to produce EVE accordingly to Observatory
version 0.1 develop version

1.0

Fig 1. World Health Organization Target Product Profile Process.

https://doi.org/10.1371/journal.pntd.0010554.9001
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Table 1. Select characteristics of needed test for case detection.

Feature Ideal requirement

Intended use An in vitro point-of-care test that detects T
pallidum pertenue-specific analyte(s) for the
purpose of identifying a single case of yaws
and confirming active infection to know if an

area is endemic for yaws.

Target analyte Biomarker(s) specific for active infection with
T pallidum pertenue.

Diagnostic/ >95%

clinical

sensitivity”

Diagnostic/ >99.9%

clinical

specificity”

Minimum requirement

An in vitro laboratory-based test that detects T
pallidum-specific analyte(s) for the purpose of
identifying a single case of yaws and
confirming active infection to know if an area
is endemic for yaws.

Biomarker(s) specific for current active or
latent infection from T pallidum.

>95%

>99.9%

? In situations where the number of suspected cases being tested is low (less than 5), further testing could be

considered such as repeated testing or testing for a second target could be considered to compensate for imperfect

sensitivity.

® In situations where the number of positives is low(less than 5), further testing could be considered such as testing

for a second target or sequencing to improve specificity.

https://doi.org/10.1371/journal.pntd.0010554.t001

Results

Version 1.0 TPPs for the two use cases were published by WHO on 7 November 2021 within
the WHO Global Observatory on Health R&D. Select TPP features and their associated

requirements are presented in Tables 1 and 2.

Discussion

The yaws eradication strategy (Morges strategy) recommends treatment of an entire commu-
nity with either azithromycin or injectable penicillin with a minimum treatment coverage of

Table 2. Select characteristics of needed test for detection of azithromycin-resistant yaws.

Feature Ideal requirement

Intended use An in vitro point-of-care test that detects T
pallidum pertenue-specific analyte(s) for the
purpose of detecting azithromycin resistance
in yaws patients with active infection caused

by currently known mutations

Target analyte Biomarker(s) specific for the DNA of
azithromycin-resistant T pallidum pertenue
(azithromycin resistance genes) in those with
active yaws infection.

Diagnostic/ >99%

clinical

sensitivity”

Diagnostic/ >99%

clinical

specificity?

Minimum requirement

An in vitro laboratory-based test that detects T
pallidum-specific analyte(s) for the purpose of
detecting azithromycin resistance in yaws
patients with active or latent infection caused
by currently known mutations.

Biomarker(s) specific for the DNA of
azithromycin-resistant T pallidum pertenue
(azithromycin resistance genes) in those with
active or latent yaws infection.

>95%

>95%

“In the absence of perfect sensitivity, programmes will need to presumptively treat cases that fail first line treatment

as cases of resistant yaws.

9Recognition that in the absence of perfect specificity some patients will receive benzathine penicillin but this has

previously been standard of care and is considered acceptable.

https://doi.org/10.1371/journal.pntd.0010554.t002
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90%, upon identification of a single confirmed case of yaws (4). Progress has been made
towards the eradication of yaws in some countries but there are diagnostic challenges that may
be a barrier to the success of these eradication efforts. Two challenges faced are: the lack of
molecular point of care tests and PCR testing facilities; and the emergence of azithromycin-
resistant yaws. The availability of tests that can reliably identify a single case of yaws is critical
in deciding when to start and stop mass drug administration (MDA) as is the availability of
tools that can rapidly and effectively detect cases of azithromycin resistance post MDA will be
useful in avoiding unnecessary treatment and ensuring resistant cases can be treated directly
with benzathine penicillin [5]. To date, clinical examination combined with serological tests
for T. pallidum (i.e., not specific for T.p. pertunue) remains the mainstay of yaws diagnosis
[10]. Available serological tests can be performed either in a laboratory or in the field through
POC lateral flow assays. However current serological tests have a number of limitations which
means they are not useful for detecting single cases of yaws which is required for eradication
programmes. Molecular diagnostic tests such as PCR are commonly used in research and
increasingly within programmes. As yaws programmes move towards eradication and with
the emergence of drug resistance, the need for better diagnostics has become more urgent.
This puts particular pressure on the development of TPPs to lay out specifications that new
tests will need to meet to fill the needs of eradication programmes.

Currently, PCR and sequencing can be used to detect genes that confer azithromycin resis-
tance. Challenges for both techniques include the high complexity and training needs, high
costs and equipment requirements, and the lack of performance data in those with latent yaws.
Additionally, PCR can only detect mutations already known to be associated with azithromy-
cin resistance and only sequencing could detect de-novo mutations in previously undescribed
genomic targets. Ideally, the TPP specifies the need for point of care tests that fulfill the WHO
assured criteria. These tests should have a very high sensitivity and specificity (close to 100%)
to detect known azithromycin resistance mutations in yaws patients with active infection. To
scale up case finding and accelerate effort towards eradication, these tests should also have
real-time connectivity, use specimens that are easy to collect, and be affordable, sensitive, spe-
cific, user-friendly, rapid, equipment-free and deliverable to those who need it. Developing
such tests will be challenging but since no test is perfect, programmes need to be prepared to
put in place strategies to overcome the sensitivity and specificity shortcomings. In the absence
of perfect sensitivity, programmes will need to presumptively treat cases that fail first line treat-
ment. In the absence of perfect specificity, some patients will receive benzathine penicillin
when not necessary, which confers some risk to the patient. However, this has previously been
the standard of care [11]. No cases of penicillin resistance have been documented to date in
either yaws or syphilis.

The need to identify a single case of yaws in a community and confirm active yaws infection
in the era of eradication means the test should ideally have very high sensitivity and specificity
to ensure programmes make the best use of the resources available. As in the case of azithro-
mycin resistance, strategies need to be in place to reduce errors that may arise due to imperfect
sensitivity and specificity. In situations where the number of suspected cases being tested is
low (less than 5), further testing could be considered to compensate for imperfect sensitivity.
This could involve repeated testing of the same individual or detection of a second PCR target.
Conversely, if the number of positives is low (less than 5), detection of a second PCR target or
gene sequencing could otherwise be used to improve specificity.

Yaws infection can be active or latent [3]. A limitation of the current TPPs is that they are
focused on tests that can be used to detect an active infection of yaws. Even with molecular
tests such as PCR, distinguishing latent from active yaws is a major challenge [12]. Diagnosing
latent yaws will be important for identifying (and treating) potential cases that may relapse
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and propagate transmission as well as preventing the progression of infection to the later stages
that are associated with more morbidity and disability. The success of yaws eradication there-
fore also depends on the availability of point of care tests that can be used in the field to iden-
tify cases of latent yaws. Importantly, it should be noted that the recommended TPPs have not
yet been tested in any of the populations described. As a result, this paper is hypothetical based
on a number of well-established assumptions. Therefore, the recommendations will need to be
validated in real-life situations. Despite these limitations, we believe the development of these
two TPPs for yaws is an important step towards ensuring that new tests are developed to assist
yaws programmes to achieve eradication. Future efforts will need to be directed towards devel-
oping TPPs for latent yaws, and for tests that can be used for certification of elimination and
post elimination surveillance.

Conclusion

Two TPPs for yaws assays have been developed by the working group established by the WHO
Diagnostic Technical Advisory Group (DTAG) for Neglected Tropical Diseases(NTDs). The
first lays out the specifications for a test to detect a single case of yaws which could be used to
determine if a community is endemic and whether to initiate or discontinue MDA. This test
should be highly specific to avoid unnecessary interventions, and sensitive enough to not miss
a single case, so ensuring all endemic communities are targeted with eradication interventions.
The TPP for azithromycin resistance detection also has the requirement of high sensitivity and
specificity for known mutations in order to successfully detect the majority of resistant cases.
Where specificity is not 100%, presumptive treatment with penicillin of anyone with treatment
failure should prevent spread of resistant cases.

As well as these technical characteristics, diagnostic tests developed for use in NTD control
or eradication programmes should also be designed to fulfill the WHO reassured criteria. This
means tests should have real-time connectivity, use specimens that are easy to collect, and be
affordable, sensitive, specific, user-friendly, rapid, equipment-free and deliverable to those
who need it. Thus, the development of affordable point-of-care tests with high accuracy would
be ideal for the yaws eradication effort.
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