
POLICY PLATFORM

A global call for action to tackle skin-related

neglected tropical diseases (skin NTDs)

through integration: An ambitious step

change

Rie R. YotsuID
1,2,3*, L. Claire Fuller4,5, Michele E. Murdoch6, Wim H. van Brakel7,

Chandrakant Revankar8, Mahoutondji Yves Thierry Barogui9, Jose Antonio

Ruiz Postigo10, Daniel Argaw Dagne10, Kingsley Asiedu10, Roderick J. Hay11

1 Tulane School of Public Health and Tropical Medicine, New Orleans, Louisiana, United States of America,

2 School of Tropical Medicine and Global Health, Nagasaki University, Nagasaki, Japan, 3 Department of

Dermatology, National Center for Global Health and Medicine, Tokyo, Japan, 4 International Foundation for

Dermatology, London, United Kingdom, 5 Chelsea and Westminster Hospital NHS Foundation Trust,

London, United Kingdom, 6 Department of Dermatology, West Herts Teaching Hospitals NHS Trust, Watford

General Hospital, Watford, United Kingdom, 7 NLR International, Amsterdam, the Netherlands, 8 Elimination

of NTDs (Independent), North Brunswick, New Jersey, United States of America, 9 World Health

Organization, Regional Office for Africa, Libreville, Gabon, 10 World Health Organization Headquarters,

Geneva, Switzerland, 11 King’s College, London, United Kingdom

* ryotsu@tulane.edu

Abstract

AU : Pleaseconfirmthatallheadinglevelsarerepresentedcorrectly:On 8 June 2022, the World Health Organization (WHO) released pivotal guidance, “Ending

the neglect to attain the Sustainable Development Goals: A strategic framework for inte-

grated control and management of skin-related neglected tropical diseases.” Skin-related

neglected tropical diseases, or skin NTDs, comprise a group of NTDs that produce signs

and symptoms on the skin and include at least 9 diseases or disease groups. Moving away

from disease-specific approaches, it is anticipated that synergies will be identified and inte-

grated building on this shared feature, where possible, to achieve a greater health impact.

This paper intends to draw attention to the prospects created by this scheme. The frame-

work is a key basis for a proposal produced by WHO dedicated to skin NTD integration and

describes the practical opportunities for this evolving strategy. It underlines the wider health

benefits that will follow, thus working towards Universal Health Coverage and skin health for

all.

Introduction

On 8 June 2022, the World Health Organization (WHO) published “Ending the neglect to

attain the Sustainable Development Goals: A strategic framework for integrated control and

management of skin-related neglected tropical diseases” [1]. It is a companion document to

“A road map for neglected tropical diseases 2021–2030” by WHO, which sets global targets

and milestones to control, eliminate, or eradicate Neglected Tropical Diseases (NTDs), as well
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as cross-cutting targets aligned with the Sustainable Development Goals [2]. It also follows on

from earlier WHO initiatives including the position paper published in 2017, manual for “Rec-

ognizing Neglected Tropical Diseases through their changes on the skin,” and the subsequent

development of a Skin NTD diagnostic app [3,4]. The initial call was consolidated by bringing

together all interested parties and agencies for a wide-ranging meeting held in March 2023 in

Geneva [5,6].

Skin-related neglected tropical diseases, or the skin NTDs, comprise a group of NTDs that

produce signs and symptoms on the skin creating a common pathway on which to build care

strategies. Building on this shared feature, skin NTD integration has been identified as one of

the areas with a cross-cutting focus that will facilitate the delivery of effective outcomes out-

lined in the road map. This is a strategic shift from the conventional disease-specific

approaches which led to, at times, duplication of effort and competing access to limited

resources. The framework was developed with the aim of identifying and explaining the practi-

cal opportunities for integration across the skin NTDs and to enable endemic countries to

adapt the recommendations and incorporate them into their national health plans and

programmes.

This report describes the essentials of the framework and sets out potential ways to achieve

skin NTD integration. Globally, it is known that skin diseases are the 18th leading cause of dis-

ability-adjusted life years (DALYs) and fourth leading cause of disease [7]. It is anticipated that

this initiative will contribute towards achieving better care for those affected by skin NTDs,

while underlining the wider health benefits for all that will follow in particular those with com-

mon skin diseases.

Skin NTDs—The more neglected among the NTDs

NTDs are a diverse group of diseases that are prevalent mainly in low- and middle-income

countries (LMICs) and in underserved communities. These diseases have been relatively

“neglected” by public health initiatives, research, and drug development. Together, they have a

considerable adverse impact on the health and well-being of populations. Twenty diseases and

disease groups are listed as NTDs by WHO, and integrated approaches are being promoted to

allow for more effective disease control and health improvement by sharing resources and

opportunities [2]. Integration in this context refers to NTD-related activities that have an

impact on more than one of these conditions at any given time.

At least 9 of the NTDs comprise the group of skin NTDs. Many of these cannot be pre-

vented by mass drug administration (MDA), which is a public health intervention delivered

through treating entire populations at risk in selected geographical areas. Rather, they require

individual-based diagnosis and treatment, which may be long term and often resource

demanding. Lack of capacity as well as training and infrastructure among healthcare workers

in the remote settings where skin NTDs are endemic has hindered the delivery of adequate

care to those affected [8]. As the impact of these interventions is more difficult to measure, this

group of NTDs has been even more neglected than those predominantly targeted by MDA.

Furthermore, most skin NTDs may cause chronic disabilities and deformities, often for life, if

not diagnosed and treated early. As a result, people affected by skin NTDs may be subjected to

considerable stigma and discrimination leading to further isolation and vulnerability to pov-

erty—creating a vicious cycle. Together, all these affect the mental well-being and quality of

life, of those affected and that of their family members. While there are, as yet, no formal sur-

veillance systems for some of these diseases, leading to both under- and overreporting, it is

estimated that more than 1 billion people are either at risk of, or affected by, one or more of

the skin NTDs [2].
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Transition from disease-specific to combined and integrated programmes

There are many reasons for promoting disease-specific programmes that range from concen-

trating public health focus to simplification of research objectives and public fund raising.

However, recognition of the individual aspects of diseases and their expression in populations

is but one aspect of human health. The trick here is to identify the similarities and promote

integration, while remaining aware of the nature of individual diseases and embedding strate-

gies for their elimination and control within a common framework. Integration does not

imply completely abandoning some disease-specific activities or interventions. They are as

important and could still be implemented in the context of integrated service delivery.

Integration in a broader sense can range from combining of 2 or 3 diseases or programmes

to having the disease embedded into the health system. For example, in some countries, lep-

rosy is managed together with tuberculosis as they are both mycobacterial diseases, from the

same group of pathogens, sharing many control strategies. In India, the highest burdened

country with endemic lymphatic filariasis, the combination of allopathic and traditional heal-

ing methods in the management of lymphoedema has provided patients with limb swelling,

irrespective of cause, with successful outcomes [9]. These are some forms of integration, by

disease or by symptom, respectively. Yet, another form of integration is that diagnoses of skin

NTDs are provided as a part of general dermatological services and no specific programmes

exist for any individual diseases. Fig 1 maps out these different forms of combined and/or inte-

grated programmes. The term can be used interchangeably depending on the context.

Fig 1. Mapping out potential combined and integrated programmes.

https://doi.org/10.1371/journal.pntd.0011357.g001
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Skin NTD services—Multidisciplinary medicine and regional adaptation

Health services for skin NTDs are very complex. In terms of clinical discipline, dermatology is

often regarded to be the key, but dermatology alone cannot address many of the conditions and

complications that surrounds the skin NTDs. Surgery, orthopaedics, rehabilitation, pathology,

mental health, among many others, are also essential and similarly important—so-called “multi-

disciplinary medicine.” Understanding this complexity of skin NTD services available to

patients is vital for countries planning skin NTD control strategies. The needs will also differ in

different parts of the world as areas of skin NTD co-endemicity vary geographically. Mapping

out the interplay between community, primary, secondary, and tertiary care services appropri-

ate to the location enables the identification of appropriate health workers in each setting as

well as their developmental/educational needs to build an appropriately equipped multidisci-

plinary network across the endemic country health system (Fig 2). While patients should be

referred early for more specialised advice when necessary, including confirmation of diagnosis

by laboratory methods, it is also as important that, where possible, local clinics should remain

the main providers where patients can continue to receive care close to their homes.

None of the work described here can happen if there is no access to adequate specialist

knowledge and skills on the ground. There are still a limited number of qualified dermatolo-

gists or specially trained health assistants in LMICs where skin NTDs are endemic, or they are

concentrated in very large urban centres, and this service gap needs to be addressed urgently if

integrated skin NTD programmes are to succeed [10]. In a similar way, access to skills in nurs-

ing, wound care, mental health, and rehabilitation are needed, and health systems need to

adapt to embrace this strategy. This will ensure country ownership and plans for sustainability

of the programmes put in place.

People- or person-centred approaches as a key driver to the design of

integrated diagnostic and management schemes

Attention to the journey that people affected by skin NTDs follow is a strategic focus of the

framework as a key driver to the design of diagnostic and management schemes. Many of

Fig 2. Process for developing action plans for skin NTD integration.

https://doi.org/10.1371/journal.pntd.0011357.g002
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those with skin NTDs will have had a long experience with their disease. Understanding the

impact of this chronicity in a holistic way, together with exploring potential points of interven-

tion is one of the opportunities offered by this approach. For example, intervening early to pre-

vent disability and stigma and providing support for affected individuals to maintain the

capacity to continue education or paid employment are important considerations that limit

the burden of the disease on the individual [11].

Furthermore, integrated management schemes can be more effectively delivered by ensur-

ing that people affected by skin NTDs (this includes family members) are placed at the centre

of their care; this can be even supervised by peer experts rather than formally trained health-

care workers. For example, in Nepal, attempts are being made to integrate self-care for filarial

lymphoedema into existing self-care groups for leprosy at the community health level [12]. In

Ethiopia, integrated management for podoconiosis and lymphatic filariasis has shown great

potential for combined disease management services, which currently further integrates lep-

rosy and delivers a family-based intervention [13,14]. A similar approach to integrated care

could be adopted for management of neuropathic ulcers due to leprosy and diabetes, a

neglected chronic disease with growing prevalence in which self-care is largely practiced,

together [15].

Many of these projects have one vision in common, which is to achieve cure. The cure from

the disease is not just elimination of the infection by medical treatment—it is a state in which

the person has fully recovered from the disease, has good mental well-being, and is able to lead

a normal life and function in society. Even left with physical disabilities, or impairments, it

should not limit this goal, and rehabilitation is aimed at optimising functioning, both in terms

of the individual activities of daily living and social and work participation. Nonetheless,

impairments should be prevented or mitigated as far as possible. Sometimes, it is not the

impairment itself that hinders inclusion and participation of persons affected by skin NTDs,

but the stigma and discrimination, which will be discussed later.

Targeting the population: Social mobilisation, active case detection, and

MDA

While individualised care is required for most skin NTDs, opportunities created from activities

targeting the population should not be missed to reach a greater impact. Previous examples of

integrated skin surveys have shown that it is much more efficient and effective to target several

skin NTDs simultaneously, with not only seeing increases in case numbers detected, but also

in identifying skin NTD hotspots and in understanding more of their epidemiologies [16]. On

the other hand, some important challenges have been highlighted, for example, the large num-

ber of common skin diseases that are encountered when using broad case definitions for inte-

grated screening or diagnosis. This burden of common skin disease outweighs that of skin

NTDs and can add serious workload for healthcare workers or on to specific activities [16,17].

Moreover, treatment of common skin diseases must be considered in order to promote skin

health and improve acceptability of the wider scheme within target communities [16,17].

Social mobilisation, or sensitization, of community members is another area that could be

integrated in targeting the population. The basic message to be delivered may be to check

one’s skin and access health facilities when abnormal skin signs are detected—which is appli-

cable and can be addressed across all skin NTDs. The format and content of messages used in

social mobilisation need to be revisited, and this may lead to a shift from a situation where fear

of a specific disease is created to the delivery of broader and more positive messages. Such an

approach will ultimately prevent the creation of unnecessary feelings of stigma and

discrimination.
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To date, MDA programmes have mainly been limited to a group of 5 NTDs (lymphatic fila-

riasis, onchocerciasis, schistosomiasis, soil-transmitted helminthiasis, and trachoma). How-

ever, there have been reports on the off-target impact of azithromycin MDA against trachoma

in reducing cases of yaws [18,19], and similarly, ivermectin MDA against onchocerciasis and

lymphatic filariasis in reducing cases of soil-transmitted helminthiases and scabies [20,21]. As

there is this growing evidence of unanticipated benefits, MDA using azithromycin for yaws

eradication is currently being carried out as a planned programme in some African and Pacific

island countries in order to reach a wider spectrum of disease. Infections like scabies, which

are also amenable to ivermectin MDA, could also be included in the future in existing inte-

grated preventive chemotherapy programmes in areas co-endemic for ivermectin-responsive

NTDs.

What tools do we have available for control of skin NTDs?—Sharing of

tools

As these diseases are neglected, so are developments in new diagnostic tools and point-of-care

tests using modern molecular techniques or in the provision of and training in the use of sim-

ple laboratory methods (S1 Table) [22,23]. There have also been few new developments in

research and field testing of new treatments (S2 Table).

Direct microscopy is a basic laboratory skill in pathology and clinical medicine. It is also a

simple core diagnostic skill for the recognition of many NTDs from cutaneous leishmaniasis

to mycetoma and leprosy [24]. However, often, these tests are not performed for various rea-

sons. Sometimes the skills are not available, or even if there is skill and appropriate facilities to

perform the tests, the simple expedient sharing of resources across different diseases may not

be permitted. These barriers to care should be addressed, and the availability of laboratory

tests should be widened and supported to provide the confirmatory diagnosis and appropriate

clinical care. Although the foregoing relates to the use of simple laboratory skills, there is an

equally urgent need for the development of point-of-care tests for both single and multiplex

platforms based on antigen or gene/molecular recognition—to bring diagnostics closer to

where patients reside. WHO has recently developed Target Product Profiles (TPPs) to guide

the development of priority diagnostic tests for selected NTDs, including for skin NTDs

[25,26,27,28]. There is also scope for identifying reference centres for the more complex tests,

including assays for drug resistance [29].

While there have been advances in developing new avermectins such as moxidectin for the

treatment of skin NTDs like onchocerciasis and scabies [30], the treatment of other skin NTDs

including mycetoma and leishmaniasis still relies on old drugs with suboptimal efficacy and

whose cost can be prohibitive in the poor communities where the disease is endemic [31,32].

Development of new drugs or repurposing old drugs for these diseases, which are safe, effec-

tive, and low cost, is awaited. Clinical trials and systematic reviews of both new and old treat-

ments are also needed. The recent systematic assessments of thermotherapy for cutaneous

leishmaniasis is an example of this type of work [33]. Furthermore, addressing the issue of

treatment cost, which limits the provision of care in so many places, is a priority [34]. Beyond

this, there is also important work to be completed in informing and influencing regulators

about the benefits, and also harms, of new treatments.

Recognising disease is a starting point for innovation in this field. While we have generally

relied on the human eye, seasoned by practice and experience, as the main method for diagno-

sis of skin lesions, there are exciting opportunities to extend this to include the use of new algo-

rithms, artificial/augmented intelligence, and visual devices to improve the access to, and

accuracy of, diagnosis [35,36]. Likewise, innovation in training methods, whether at distance
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by telemedicine or through online programmes or more conventional face-to-face teaching, is

urgently needed to improve diagnostic capacity of health workers. Assessing the impact of

training is crucial and is currently conducted via methods such as pre- and post-course quizzes

or number of recipients trained [37]. Using other assessment methods such as field Observed

Structural Clinical Examinations (OSCEs) or surrogate measures including reductions in use

of ineffective treatments should be explored [38]. Broadening and improving training evalua-

tion techniques to demonstrate lasting change in professional behaviours remains an ongoing

need in effective impact assessment.

Reducing stigma and promoting inclusion into society

It is important to come back to the experience of the person affected and focus on what is

important to them. People with skin NTDs have often suffered not just the physical, but also

the mental consequences of their disease, especially those whose manifestations are clearly visi-

ble to others. They are prone to experiencing stigma and discrimination, resulting in reduced

social and work participation, and lowering of their self-esteem [39,40,41]. This aspect of

health is often ignored. It is also the stigma associated with these diseases that may prevent

patients presenting to healthcare facilities early, leading to development of disabilities and

deformities and thus leading to a vicious cycle of further aggravating their experience of stigma

as a consequence [42]. It is sometimes also the healthcare providers who treat people with skin

NTDs in a demeaning way—which may hinder access to care [43,44].

However, attitudes have started to change over the past 10 years or so, and there have been

significant advances in understanding the physical and social impact of skin NTDs. Such

changes are often limited to areas and countries where specific action has been undertaken to

reduce stigma and discrimination and where those affected have been empowered, for exam-

ple, through their participation in interventions or through self-organisation [45,46,47]. In

addition, initiatives have been promoted where reintegrating those affected into their commu-

nities have yielded rich rewards. There are various ways to reduce the impact of stigma and

discrimination targeted at different levels. Integration of services for a stigmatised condition

into general health services has been shown to have a destigmatising impact in India and

Nepal [48,49]. For leprosy, support groups for self-care and livelihoods have helped individuals

affected by the disease to develop coping mechanisms and resilience [11,50]. These techniques

can be extended to other skin NTDs. Moreover, through integration and sharing of practices,

it is hoped that social perceptions of stigma and discrimination against one particular disease

will gradually be diluted and mitigated.

Correct information about the disease needs to be delivered to support avoiding the nega-

tive images of skin NTDs—messages from experts are often considered credible [51]. This

needs to be practiced at every level including for patients themselves and their family mem-

bers. It is important that messages are contextualised and address local knowledge gaps, mis-

conceptions, cultural and religious beliefs, and fears and are delivered in a form that is readily

intelligible for the local population [52]. Knowledge-based interventions are important but

often not enough to counter stigma on their own. Contact-based interventions and other

approaches that involve persons with lived experience directly have been shown to be effective

in multiple intervention studies [50,53,54].

Impact of skin NTDs on mental well-being of persons affected

A combination of visible, often disturbing and sometimes painful, physical signs, disabling

consequences, social stigma, and poverty-related factors have been shown to have an impact

on persons affected by skin NTDs and their family members [42,55,56]. The prevalence of
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symptoms of depression and anxiety is much higher than in the surrounding community and

may be as high as 50% in some studies. At the same time, mental health services are often

absent or not well developed in areas where skin NTDs are common [56]. The way forward

clearly requires a multipronged approach with prevention of mental health problems. This can

be achieved through NTD treatment, stigma reduction and disability management, task-shift-

ing of mental health services to lay health workers and even peer supporters through appropri-

ate training using materials such as the WHO mhGAP toolkit and the recently developed

Basic Psychological Support for persons affected by NTDs, and establishing referral pathways

to professional mental health services [57,58].

Going beyond skin NTDs

While skin health for all is an ambitious target, the framework demonstrates that it is feasible

through careful planning and regional knowledge of prevalent diseases as well as identifying

potential suitable interventions to address the most common skin diseases that account for

more than 80% of the burden of skin disease in skin NTD endemic areas [17,40,59]. In these

settings, around 8 to 10 common dermatological diseases account for most of the communi-

ties’ cutaneous disease burden, and focusing on these will address the majority of the local skin

health needs. Skin surveys targeting these common skin conditions as well as skin NTDs have

been rewarded by a greater acceptability of such programmes by communities [17]. Many

share common treatment pathways and, in most cases, low cost medicines are available to

address these diseases [17]. This is not to trivialise the challenges, but a firm focus on rational-

ising procurement and management of drug stocks locally would also help to make significant

inroads into addressing this burden of disease. Maintaining clean skin is one of the most effec-

tive preventive measures for many skin infections, requiring access to clean water and aware-

ness raising on skin hygiene. Wound care is also important; many Buruli ulcer and leprosy

clinics are taking care of ulcers caused by other conditions [60]. Establishment of distance

diagnostic and programme support schemes through telemedicine or WhatsApp groups, not

limited to skin NTDs, have the potential to reduce the common skin disease burden

[61,62,63]. The skin NTD strategic framework recognises the importance of addressing these

common diseases as an intrinsic part of delivering a programme that addresses the skin NTDs.

A way forward

Skin manifestations are the fundamental commonality among the skin NTDs that has pro-

moted integration. However, areas for integration are not limited to interventions related

directly to the skin but can be extended to areas including rehabilitation, mental well-being,

and reduction of stigma and discrimination. It is expected that innovative integration will hap-

pen through successfully utilising available resources and opportunities, which may also go

beyond skin NTDs and ensure they are embedded within endemic country health services to

ensure sustainability. As we have shown here, professionals, researchers, and public health

workers operating within a multidisciplinary environment are needed to help and lead in

designing integrated skin NTD programmes. Through the actions taken, persons affected by

skin NTDs as well as locally dominant skin diseases should be able to receive high-quality and

continued care, while living stigma free with their families and in their communities in order

to achieve the goal of skin health for all.

Supporting information

S1 Table. Diagnostic methods and tools for skin NTDs.

(PDF)
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S2 Table. Treatment and management of skin NTDs.

(PDF)

Acknowledgments

We would like to pay special thanks to Robert de Arquer Guillermo (Effect Hope, Canada),

Jim Cannon (Christian Blind Mission, Ireland), Gale Davey (Brighton and Sussex Medical

School, UK), Belen L. Dofitas (Partners in Leprosy Action/Philippine Leprosy Mission, Philip-

pines), Julian Eaton (Centre for Global Mental Health, UK), Jannine Ebenso (The Leprosy

Mission International, UK), Martin Kollmann (German Network Against Neglected Topical

Disease, Kenya), Linda Faye Lehman (consultant in disability prevention and rehabilitation in

NTDs, USA) Michael Marks (London School of Hygiene & Tropical Medicine, UK), and Paul

Saunderson (American Leprosy Missions, Norway), who contributed as reviewers during the

development of the WHO strategic skin NTDs framework. We would like to also thank all

individuals, ranging from programme personnel, technical advisers, researchers, healthcare

workers, donor partners, dermatologists, and persons affected by skin NTDs, who provided

their valuable responses to the framework during our online consultations held in September

2020 and September–October 2021. Finally, many thanks go to all the staff at WHO for pro-

viding the administrative support for the publication and dissemination of the framework.

Author Contributions

Conceptualization: Rie R. Yotsu, L. Claire Fuller, Michele E. Murdoch, Wim H. van Brakel,

Chandrakant Revankar, Mahoutondji Yves Thierry Barogui, Jose Antonio Ruiz Postigo,

Daniel Argaw Dagne, Kingsley Asiedu, Roderick J. Hay.

Supervision: Kingsley Asiedu, Roderick J. Hay.

Validation: Rie R. Yotsu, L. Claire Fuller, Michele E. Murdoch, Wim H. van Brakel, Chandra-

kant Revankar, Mahoutondji Yves Thierry Barogui, Jose Antonio Ruiz Postigo, Daniel

Argaw Dagne, Kingsley Asiedu, Roderick J. Hay.

Visualization: Rie R. Yotsu.

Writing – original draft: Rie R. Yotsu, L. Claire Fuller, Michele E. Murdoch, Wim H. van

Brakel, Roderick J. Hay.

Writing – review & editing: Rie R. Yotsu, L. Claire Fuller, Michele E. Murdoch, Wim H. van

Brakel, Chandrakant Revankar, Mahoutondji Yves Thierry Barogui, Jose Antonio Ruiz

Postigo, Daniel Argaw Dagne, Kingsley Asiedu, Roderick J. Hay.

References
1. World Health Organization. Ending the neglect to attain the Sustainable Development Goals: a strategic

framework for integrated control and management of skin-related neglected tropical diseases. Geneva,

Switzerland; 2022. Contract No.: Licence: CC BY-NC-SA 3.0 IGO.

2. World Health Organization. Ending the neglect to attain the Sustainable Development Goals: a road

map for neglected tropical diseases 2021–2030. Geneva, Switzerland: World Health Organization;

2020. CC BY-NC-SA 3.0 IGO.

3. World Health Organization. Recognizing neglected tropical diseases through changes on the skin: a

training guide for front-line health workers. Asiedu K, editor. Geneva, Switzerland: World Health Orga-

nization; 2018. CC BY-NC-SA 3.0 IGO.

PLOS NEGLECTED TROPICAL DISEASES A global call for skin NTD integration: An ambitious step change

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011357 June 15, 2023 9 / 12

http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0011357.s002
https://doi.org/10.1371/journal.pntd.0011357


4. Mitja O, Marks M, Bertran L, Kollie K, Argaw D, Fahal AH, et al. Integrated Control and Management of

Neglected Tropical Skin Diseases. PLoS Negl Trop Dis. 2017; 11(1):e0005136. https://doi.org/10.1371/

journal.pntd.0005136 PMID: 28103250

5. World Health Organization. Global meeting on skin-related neglected tropical diseases (skin NTDs).

Geneva, Switzerland: World Health Organization; 2023 [Available from: https://www.who.int/news-

room/events/detail/2023/03/27/default-calendar/global-meeting-on-skin-related-neglected-tropical-

diseases-skin-ntds#:~:text=The%20World%20Health%20Organization%20(WHO,global%20experts%

2C%20partners%20and%20stakeholders.

6. World Health Organization. WHO’s first global meeting on skin NTDs calls for greater efforts to address

their burden. Geneva, Switzerland: World Health Organization; 2023. Available from: https://www.

who.int/news/item/31-03-2023-who-first-global-meeting-on-skin-ntds-calls-for-greater-efforts-to-

address-their-burden.

7. Karimkhani C, Dellavalle RP, Coffeng LE, Flohr C, Hay RJ, Langan SM, et al. Global Skin Disease Mor-

bidity and Mortality: An Update From the Global Burden of Disease Study 2013. JAMA Dermatol. 2017;

153(5):406–412. https://doi.org/10.1001/jamadermatol.2016.5538 PMID: 28249066

8. Hay RJ, Fuller LC. The assessment of dermatological needs in resource-poor regions. Int J Dermatol.

2011; 50(5):552–557. https://doi.org/10.1111/j.1365-4632.2011.04953.x PMID: 21506971

9. Narahari SR, Bose KS, Aggithaya MG, Swamy GK, Ryan TJ, Unnikrishnan B, et al. Community level

morbidity control of lymphoedema using self care and integrative treatment in two lymphatic filariasis

endemic districts of South India: a non randomized interventional study. Trans R Soc Trop Med Hyg.

2013; 107(9):566–577. https://doi.org/10.1093/trstmh/trt054 PMID: 23832181

10. Mosam A, Todd G. Dermatology Training in Africa: Successes and Challenges. Dermatol Clin. 2021; 39

(1):57–71. https://doi.org/10.1016/j.det.2020.08.006 PMID: 33228862

11. ILEP/NNN. Guides on stigma and mental wellbeing: International Federation of Anti-Leprosy Associa-

tions (ILEP); 2020.

12. Pryce J, Mableson HE, Choudhary R, Pandey BD, Aley D, Betts H, et al. Assessing the feasibility of

integration of self-care for filarial lymphoedema into existing community leprosy self-help groups in

Nepal. BMC Public Health. 2018; 18(1):201. https://doi.org/10.1186/s12889-018-5099-0 PMID:

29382314

13. Van’t Noordende AT, Wubie Aycheh M, Tadesse T, Hagens T, Haverkort E, Schippers AP. A family-

based intervention for prevention and self-management of disabilities due to leprosy, podoconiosis and

lymphatic filariasis in Ethiopia: A proof of concept study. PLoS Negl Trop Dis. 2021; 15(2):e0009167.

https://doi.org/10.1371/journal.pntd.0009167 PMID: 33600453

14. Tesfaye A, Semrau M, Ali O, Kinfe M, Tamiru M, Fekadu A, et al. Development of an integrated, holistic

care package for people with lymphoedema for use at the level of the Primary Health Care Unit in Ethio-

pia. PLoS Negl Trop Dis. 2021; 15(4):e0009332. https://doi.org/10.1371/journal.pntd.0009332 PMID:

33878110

15. Boulton AJ. Diabetic foot—what can we learn from leprosy? Legacy of Dr Paul W. Brand. Diabetes

Metab Res Rev. 2012; 28(Suppl 1):3–7.

16. Timothy JWS, Pullan RL, Yotsu RR. Methods and Approaches for Buruli Ulcer Surveillance in Africa:

Lessons Learnt and Future Directions. Methods Mol Biol. 2022; 2387:87–102. https://doi.org/10.1007/

978-1-0716-1779-3_10 PMID: 34643905

17. Yotsu RR, Kouadio K, Vagamon B, N’Guessan K, Akpa AJ, Yao A, et al. Skin disease prevalence study

in schoolchildren in rural Cote d’Ivoire: Implications for integration of neglected skin diseases (skin

NTDs). PLoS Negl Trop Dis. 2018; 12(5):e0006489.

18. Ghinai R, El-Duah P, Chi KH, Pillay A, Solomon AW, Bailey RL, et al. A cross-sectional study of ’yaws’

in districts of Ghana which have previously undertaken azithromycin mass drug administration for tra-

choma control. PLoS Negl Trop Dis. 2015; 9(1):e0003496. https://doi.org/10.1371/journal.pntd.

0003496 PMID: 25632942

19. Marks M, Vahi V, Sokana O, Chi KH, Puiahi E, Kilua G, et al. Impact of Community Mass Treatment

with Azithromycin for Trachoma Elimination on the Prevalence of Yaws. PLoS Negl Trop Dis. 2015; 9

(8):e0003988. https://doi.org/10.1371/journal.pntd.0003988 PMID: 26241484

20. Mohammed KA, Deb RM, Stanton MC, Molyneux DH. Soil transmitted helminths and scabies in Zanzi-

bar, Tanzania following mass drug administration for lymphatic filariasis—a rapid assessment method-

ology to assess impact. Parasit Vectors. 2012; 5:299. https://doi.org/10.1186/1756-3305-5-299 PMID:

23259465

21. Martin D, Wiegand R, Goodhew B, Lammie P, Mkocha H, Kasubi M. Impact of Ivermectin Mass Drug

Administration for Lymphatic Filariasis on Scabies in Eight Villages in Kongwa District, Tanzania. Am J

Trop Med Hyg. 2018; 99(4):937–939. https://doi.org/10.4269/ajtmh.18-0018 PMID: 30062986

PLOS NEGLECTED TROPICAL DISEASES A global call for skin NTD integration: An ambitious step change

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011357 June 15, 2023 10 / 12

https://doi.org/10.1371/journal.pntd.0005136
https://doi.org/10.1371/journal.pntd.0005136
http://www.ncbi.nlm.nih.gov/pubmed/28103250
https://www.who.int/news-room/events/detail/2023/03/27/default-calendar/global-meeting-on-skin-related-neglected-tropical-diseases-skin-ntds#:~:text=The%20World%20Health%20Organization%20(WHO,global%20experts%2C%20partners%20and%20stakeholders
https://www.who.int/news-room/events/detail/2023/03/27/default-calendar/global-meeting-on-skin-related-neglected-tropical-diseases-skin-ntds#:~:text=The%20World%20Health%20Organization%20(WHO,global%20experts%2C%20partners%20and%20stakeholders
https://www.who.int/news-room/events/detail/2023/03/27/default-calendar/global-meeting-on-skin-related-neglected-tropical-diseases-skin-ntds#:~:text=The%20World%20Health%20Organization%20(WHO,global%20experts%2C%20partners%20and%20stakeholders
https://www.who.int/news-room/events/detail/2023/03/27/default-calendar/global-meeting-on-skin-related-neglected-tropical-diseases-skin-ntds#:~:text=The%20World%20Health%20Organization%20(WHO,global%20experts%2C%20partners%20and%20stakeholders
https://www.who.int/news/item/31-03-2023-who-first-global-meeting-on-skin-ntds-calls-for-greater-efforts-to-address-their-burden
https://www.who.int/news/item/31-03-2023-who-first-global-meeting-on-skin-ntds-calls-for-greater-efforts-to-address-their-burden
https://www.who.int/news/item/31-03-2023-who-first-global-meeting-on-skin-ntds-calls-for-greater-efforts-to-address-their-burden
https://doi.org/10.1001/jamadermatol.2016.5538
http://www.ncbi.nlm.nih.gov/pubmed/28249066
https://doi.org/10.1111/j.1365-4632.2011.04953.x
http://www.ncbi.nlm.nih.gov/pubmed/21506971
https://doi.org/10.1093/trstmh/trt054
http://www.ncbi.nlm.nih.gov/pubmed/23832181
https://doi.org/10.1016/j.det.2020.08.006
http://www.ncbi.nlm.nih.gov/pubmed/33228862
https://doi.org/10.1186/s12889-018-5099-0
http://www.ncbi.nlm.nih.gov/pubmed/29382314
https://doi.org/10.1371/journal.pntd.0009167
http://www.ncbi.nlm.nih.gov/pubmed/33600453
https://doi.org/10.1371/journal.pntd.0009332
http://www.ncbi.nlm.nih.gov/pubmed/33878110
https://doi.org/10.1007/978-1-0716-1779-3%5F10
https://doi.org/10.1007/978-1-0716-1779-3%5F10
http://www.ncbi.nlm.nih.gov/pubmed/34643905
https://doi.org/10.1371/journal.pntd.0003496
https://doi.org/10.1371/journal.pntd.0003496
http://www.ncbi.nlm.nih.gov/pubmed/25632942
https://doi.org/10.1371/journal.pntd.0003988
http://www.ncbi.nlm.nih.gov/pubmed/26241484
https://doi.org/10.1186/1756-3305-5-299
http://www.ncbi.nlm.nih.gov/pubmed/23259465
https://doi.org/10.4269/ajtmh.18-0018
http://www.ncbi.nlm.nih.gov/pubmed/30062986
https://doi.org/10.1371/journal.pntd.0011357


22. Peeling RW, Mabey D. Point-of-care tests for diagnosing infections in the developing world. Clin Micro-

biol Infect. 2010; 16(8):1062–1069. https://doi.org/10.1111/j.1469-0691.2010.03279.x PMID: 20670288

23. Yotsu RR. Integrated Management of Skin NTDs-Lessons Learned from Existing Practice and Field

Research. Trop Med Infect Dis. 2018;3(4). https://doi.org/10.3390/tropicalmed3040120 PMID:

30441754

24. Lu Y, Gonzales G, Chen SH, Li H, Cai YC, Chu YH, et al. Urgent needs in fostering neglected tropical

diseases (NTDs) laboratory capacity in WHO Western Pacific Region: results from the external quality

assessment on NTDs diagnosis in 2012–2015. Infect Dis Poverty. 2017; 6(1):106. https://doi.org/10.

1186/s40249-017-0319-x PMID: 28592266

25. World Health Organization. Target Product Profile for the detection of case of yaws and the detection of

azithromycin resistance. Geneva, Switzerland: World Health Organization; 2022.

26. World health Organization. Target Product Profile for a rapid test for diagnosis of Buruli ulcer at the pri-

mary health-care level. Geneva, Swizterland: World Health Organization; 2022.

27. World Health Organization. Diagnostic test for surveillance of lymphatic filariasis: target product profile.

Geneva, Swizterland: World Health Organization; 2021.

28. World Health Organization. Onchocerciasis: diagnostic target product profile. Geneva, Switzerland:

World Health Organization; 2021.

29. Sayed S, Cherniak W, Lawler M, Tan SY, El Sadr W, Wolf N, et al. Improving pathology and laboratory

medicine in low-income and middle-income countries: roadmap to solutions. Lancet. 2018; 391

(10133):1939–1952. https://doi.org/10.1016/S0140-6736(18)30459-8 PMID: 29550027

30. Boussinesq M. A new powerful drug to combat river blindness. Lancet. 2018; 392(10154):1170–1172.

https://doi.org/10.1016/S0140-6736(18)30101-6 PMID: 29361336

31. Fahal AH. Mycetoma. In: Mora-Montes H, Lopes-Bezerra L, editors. Current Progress in Medical Mycol-

ogy: Springer; 2017. p. 355–380.

32. Briones Nieva CA, Cid AG, Romero AI, Garcia-Bustos MF, Villegas M, Bermudez JM. An appraisal of

the scientific current situation and new perspectives in the treatment of cutaneous leishmaniasis. Acta

Trop. 2021; 221:105988. https://doi.org/10.1016/j.actatropica.2021.105988 PMID: 34058160

33. Siadat AH, Iraji F, Zolfaghari A, Shariat S, Jazi SB. Heat therapy for cutaneous leishmaniasis: A litera-

ture Review. J Res Med Sci. 2021; 26:15. https://doi.org/10.4103/jrms.JRMS_934_19 PMID: 34084194

34. Chandler DJ, Hansen KS, Mahato B, Darlong J, John A, Lockwood DN. Household costs of leprosy

reactions (ENL) in rural India. PLoS Negl Trop Dis. 2015; 9(1):e0003431. https://doi.org/10.1371/

journal.pntd.0003431 PMID: 25590638

35. Carrion C, Robles N, Sola-Morales O, Aymerich M, Ruiz Postigo JA. Mobile Health Strategies to Tackle

Skin Neglected Tropical Diseases With Recommendations From Innovative Experiences: Systematic

Review. JMIR Mhealth Uhealth. 2020; 8(12):e22478. https://doi.org/10.2196/22478 PMID: 33382382

36. Mieras LF, Taal AT, Post EB, Ndeve AGZ, van Hees CLM. The Development of a Mobile Application to

Support Peripheral Health Workers to Diagnose and Treat People with Skin Diseases in Resource-Poor

Settings. Trop Med. Infect Dis. 2018;3(3). https://doi.org/10.3390/tropicalmed3030102 PMID:

30274498

37. Geniets A, O’Donovan J, Hakimi L, Winters N. Training for Community Health: Bridging the global

health care gap: Oxford; 2021.

38. Mahe A, Faye O, N’Diaye HT, Konare HD, Coulibaly I, Keita S, et al. Integration of basic dermatological

care into primary health care services in Mali. Bull World Health Organ. 2005; 83(12):935–941. PMID:

16462986

39. Armitage EP, Senghore E, Darboe S, Barry M, Camara J, Bah S, et al. High burden and seasonal varia-

tion of paediatric scabies and pyoderma prevalence in The Gambia: A cross-sectional study. PLoS

Negl Trop Dis. 2019; 13(10):e0007801. https://doi.org/10.1371/journal.pntd.0007801 PMID: 31609963

40. Barogui YT, Diez G, Anagonou E, Johnson RC, Gomido IC, Amoukpo H, et al. Integrated approach in

the control and management of skin neglected tropical diseases in Lalo, Benin. PLoS Negl Trop Dis.

2018; 12(6):e0006584. https://doi.org/10.1371/journal.pntd.0006584 PMID: 29939988

41. Hofstraat K, van Brakel WH. Social stigma towards neglected tropical diseases: a systematic review. Int

Health. 2016; 8(Suppl 1):i53–i70. https://doi.org/10.1093/inthealth/ihv071 PMID: 26940310

42. Koschorke M, Al-Haboubi YH, Tseng P, Semrau M, Eaton J. Mental health, stigma, and neglected tropi-

cal diseases: A review and systematic mapping of the evidence. Front Trop Dis. 2022; 3:808955.

https://doi.org/10.3389/fitd.2022.808955

43. World Health Organization. Guidelines for strengthening participation of persons affected by leprosy in

leprosy services. New Delhi, India: World Health Organization; 2011.

PLOS NEGLECTED TROPICAL DISEASES A global call for skin NTD integration: An ambitious step change

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011357 June 15, 2023 11 / 12

https://doi.org/10.1111/j.1469-0691.2010.03279.x
http://www.ncbi.nlm.nih.gov/pubmed/20670288
https://doi.org/10.3390/tropicalmed3040120
http://www.ncbi.nlm.nih.gov/pubmed/30441754
https://doi.org/10.1186/s40249-017-0319-x
https://doi.org/10.1186/s40249-017-0319-x
http://www.ncbi.nlm.nih.gov/pubmed/28592266
https://doi.org/10.1016/S0140-6736%2818%2930459-8
http://www.ncbi.nlm.nih.gov/pubmed/29550027
https://doi.org/10.1016/S0140-6736%2818%2930101-6
http://www.ncbi.nlm.nih.gov/pubmed/29361336
https://doi.org/10.1016/j.actatropica.2021.105988
http://www.ncbi.nlm.nih.gov/pubmed/34058160
https://doi.org/10.4103/jrms.JRMS%5F934%5F19
http://www.ncbi.nlm.nih.gov/pubmed/34084194
https://doi.org/10.1371/journal.pntd.0003431
https://doi.org/10.1371/journal.pntd.0003431
http://www.ncbi.nlm.nih.gov/pubmed/25590638
https://doi.org/10.2196/22478
http://www.ncbi.nlm.nih.gov/pubmed/33382382
https://doi.org/10.3390/tropicalmed3030102
http://www.ncbi.nlm.nih.gov/pubmed/30274498
http://www.ncbi.nlm.nih.gov/pubmed/16462986
https://doi.org/10.1371/journal.pntd.0007801
http://www.ncbi.nlm.nih.gov/pubmed/31609963
https://doi.org/10.1371/journal.pntd.0006584
http://www.ncbi.nlm.nih.gov/pubmed/29939988
https://doi.org/10.1093/inthealth/ihv071
http://www.ncbi.nlm.nih.gov/pubmed/26940310
https://doi.org/10.3389/fitd.2022.808955
https://doi.org/10.1371/journal.pntd.0011357


44. Nyblade L, Stockton MA, Giger K, Bond V, Ekstrand ML, Lean RM, et al. Stigma in health facilities: why

it matters and how we can change it. BMC Med. 2019; 17(1):25. https://doi.org/10.1186/s12916-019-

1256-2 PMID: 30764806

45. Peters RM, Zweekhorst MB, van Brakel WH, Bunders JF, Irwanto. ’People like me don’t make things

like that’: Participatory video as a method for reducing leprosy-related stigma. Glob Public Health. 2016;

11(5–6):666–682.

46. Lusli M, Peters RM, Zweekhorst MB, Van Brakel WH, Seda FS, Bunders JF, et al. Lay and peer coun-

sellors to reduce leprosy-related stigma—lessons learnt in Cirebon, Indonesia. Lepr Rev. 2015; 86

(1):37–53. PMID: 26065146

47. Sermtrittirong S, van Brakel WH, Bunders-Aelen JFG, Unarat G, Thanyakittikul P. The effectiveness of

de-stigmatising interventiions. Int J Trop Dis Heal. 2014; 4:1218–1232.

48. Arole S, Premkumar R, Arole R, Maury M, Saunderson P. Social stigma: a comparative qualitative

study of integrated and vertical care approaches to leprosy. Lepr Rev. 2002; 73(2):186–196. PMID:

12192975

49. Brandsma JW, Schwarz RJ, Anderson AM, Herm FB. Transformation of a leprosy hospital in Nepal into

a rehabilitation centre: the Green Pastures Hospital experience. Lepr Rev. 2005; 76(4):267–276. PMID:

16411507

50. Cross H, Choudhary R. STEP: an intervention to address the issue of stigma related to leprosy in South-

ern Nepal. Lepr Rev. 2005; 76(4):316–324. PMID: 16411511

51. Mori S, Mukai T, Yotsu RR, Ishii N. Leprosy awareness-raising summer seminar: results of participant

survey during 2012 and 2015. Nihon Hansenbyo Gakkai Zasshi. 2016; 85(2):55–64. PMID: 30148944

52. van’t Noordende AT, Lisam S, Singh V, Sadiq A, Agarwal A, Hinders DC, et al. Changing perception

and improving knowledge of leprosy: An intervention study in Uttar Pradesh, India. PLoS Negl Trop Dis.

2021; 15(8):e0009654. https://doi.org/10.1371/journal.pntd.0009654 PMID: 34424909

53. Peters RM, Dadun ZMB, Bunders JF, Irwanto, van Brakel WH. A Cluster-Randomized Controlled Inter-

vention Study to Assess the Effect of a Contact Intervention in Reducing Leprosy-Related Stigma in

Indonesia. PLoS Negl Trop Dis. 2015; 9(10):e0004003. https://doi.org/10.1371/journal.pntd.0004003

PMID: 26485128

54. Lusli M, Peters R, van Brakel W, Zweekhorst M, Iancu S, Bunders J, et al. The Impact of a Rights-

Based Counselling Intervention to Reduce Stigma in People Affected by Leprosy in Indonesia. PLoS

Negl Trop Dis. 2016; 10(12):e0005088. https://doi.org/10.1371/journal.pntd.0005088 PMID: 27959932

55. Somar P, Waltz MM, van Brakel WH. The impact of leprosy on the mental wellbeing of leprosy-affected

persons and their family members—a systematic review. Glob Ment Health (Camb). 2020; 7:e15.

https://doi.org/10.1017/gmh.2020.3 PMID: 32742673

56. Ali O, Mengiste A, Semrau M, Tesfaye A, Fekadu A, Davey G. The impact of podoconiosis, lymphatic fil-

ariasis, and leprosy on disability and mental well-being: A systematic review. PLoS Negl Trop Dis.

2021; 15(7):e0009492. https://doi.org/10.1371/journal.pntd.0009492 PMID: 34237079

57. World Health Organization. mhGAP Intervention Guide—Version 2.0. Geneva, Switerland; 2016.

58. World Health Organization. Mental health of people with neglected tropical diseases: towards a person-

centred approach. Geneva, Switzerland: World Health Organization; 2020.

59. Mey S, Fuller LC, Bendick C. The impact of skin disesae on patients in Cambodia—a survey and simple

needs assessment. Community Dermatol J. 2015; 11:21–26.

60. Toutous Trellu L, Nkemenang P, Comte E, Ehounou G, Atangana P, Mboua DJ, et al. Differential Diag-

nosis of Skin Ulcers in a Mycobacterium ulcerans Endemic Area: Data from a Prospective Study in

Cameroon. PLoS Negl Trop Dis. 2016; 10(4):e0004385. https://doi.org/10.1371/journal.pntd.0004385

PMID: 27074157

61. Yotsu R, Itoh S, Yao A, Kouadio K, Ugai K, Koffi DY, et al. Early detection and case management of

skin diseases with a mobile health application ‘eSkinHealth’: protocol for a mixed-methods pilot study in

Cote d’Ivoire. JMIR Res Protoc. 2022; 11(9):e39867.

62. Faye O, Bagayoko CO, Dicko A, Cisse L, Berthe S, Traore B, et al. A Teledermatology Pilot Programme

for the Management of Skin Diseases in Primary Health Care Centres: Experiences from a Resource-

Limited Country (Mali, West Africa). Trop Med. Infect Dis. 2018; 3(3). https://doi.org/10.3390/

tropicalmed3030088 PMID: 30274484

63. Hogan SC, van Hees C, Asiedu KB, Fuller LC. WhatsApp platforms in tropical public health resource-

poor settings. Int J Dermatol. 2019; 58(2):228–230. https://doi.org/10.1111/ijd.14237 PMID: 30259510

PLOS NEGLECTED TROPICAL DISEASES A global call for skin NTD integration: An ambitious step change

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011357 June 15, 2023 12 / 12

https://doi.org/10.1186/s12916-019-1256-2
https://doi.org/10.1186/s12916-019-1256-2
http://www.ncbi.nlm.nih.gov/pubmed/30764806
http://www.ncbi.nlm.nih.gov/pubmed/26065146
http://www.ncbi.nlm.nih.gov/pubmed/12192975
http://www.ncbi.nlm.nih.gov/pubmed/16411507
http://www.ncbi.nlm.nih.gov/pubmed/16411511
http://www.ncbi.nlm.nih.gov/pubmed/30148944
https://doi.org/10.1371/journal.pntd.0009654
http://www.ncbi.nlm.nih.gov/pubmed/34424909
https://doi.org/10.1371/journal.pntd.0004003
http://www.ncbi.nlm.nih.gov/pubmed/26485128
https://doi.org/10.1371/journal.pntd.0005088
http://www.ncbi.nlm.nih.gov/pubmed/27959932
https://doi.org/10.1017/gmh.2020.3
http://www.ncbi.nlm.nih.gov/pubmed/32742673
https://doi.org/10.1371/journal.pntd.0009492
http://www.ncbi.nlm.nih.gov/pubmed/34237079
https://doi.org/10.1371/journal.pntd.0004385
http://www.ncbi.nlm.nih.gov/pubmed/27074157
https://doi.org/10.3390/tropicalmed3030088
https://doi.org/10.3390/tropicalmed3030088
http://www.ncbi.nlm.nih.gov/pubmed/30274484
https://doi.org/10.1111/ijd.14237
http://www.ncbi.nlm.nih.gov/pubmed/30259510
https://doi.org/10.1371/journal.pntd.0011357

