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Preface to ”Skin-Related Neglected Tropical
Diseases (Skin-NTDs)—A New Challenge”

The skin of the patient is the first and most visible structure of the body that any healthcare
worker encounters in the course of an examination. It is also highly visible, and any disease that
affects it is both noticeable and will have an impact on a patient’s personal and social wellbeing.
It is therefore an important entry point for diagnosis, disease mapping, and integrated management.
Many of the major neglected tropical diseases produce changes in the skin, often the first indicator of
illness that patients will notice. Changes to the skin often re-enforce feelings of isolation and stigma
experienced by patients with NTDs, but they also provide opportunities for simplifying diagnosis
and developing an integrated and strategic approach to care.

A key challenge in taking the common feature of skin involvement in NTDs to a higher level
is that skin disease, in general, is very common, particularly in resource-poor settings, and seeking

solutions to the first without addressing the commonality of skin disease is not an option.

Roderick J. Hay, Kingsley Asiedu
Special Issue Editors
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Medical teaching has emphasised over many years the uniqueness of disease states, valuing
the rare skills on which the art of diagnosis is based and the intricacies of individual patient-centred
management. Yet with the growing appreciation of the public health dimensions of illnesses and the
shrinking of the world due to modern travel, coupled with a massive expansion in the availability
of, and access to, data, it has become increasingly important to recognise that good health outcomes
are often best achieved by pooling expertise and implementing collective actions. The concept of
Neglected Tropical Skin Diseases (Skin NTDs) is an example of this approach. Skin NTDs are diseases
that present with lesions on the skin surface which may, in turn, provide not only practical clues to
the diagnosis but also a greater understanding of disease through investigation, such as mapping,
as well as management by identifying common pathways for therapeutic interventions [1,2]. Adopting
strategies based on this idea opens access to a reservoir of skills and knowledge that shows how one
disease can contribute to a better understanding of others; the integration and exploitation of areas
of commonality are both key to initiatives in public health. As an example, the use of mass drug
administration (MDA) has also highlighted what NTDs, and their management pathways, have in
common rather than what separates them. The use of ivermectin, for example, in control programmes
for lymphatic filariasis and onchocerciasis has produced unintentional, but major impacts on the
prevalence of other common diseases from soil helminth infections to scabies [3]. This has provided an
incentive to pursue the control of these diseases in other regions, as was seen in the recent clinical trial
of ivermectin in Fiji for the control of scabies [4]. The use of azithromycin for both yaws and trachoma
is a further example [5].

A patient’s skin is accessible and easy to examine, after basic training, by any health care worker.
It is therefore a common starting point for disease recognition. It is equally important to appreciate
that skin diseases in general are very common, accounting for between 10 and 30% of all health
worker /patient encounters depending on location, climate, genetic predisposition, underlying health
and local prevalence of transmissible disorders. Therefore, while the skin may provide an entry point
for the recognition of NTDs, it is also the focus of a number of very common conditions. Navigating
this milieu involves recognising the clues that may lead a) to the identification of NTDs usually through
examination and further simple investigations coupled with b) the provision of simple schemes for
the management of the most common skin disorders. The development of a simple framework for
accomplishing this strategy is an achievable goal. For instance, the World Health Organization (WHO)
has recently published a training guide for the recognition of NTDs and common skin problems [6].

This issue takes this approach a step further by exploring the use of other techniques such as
distance consultation using Telederm or Whatsapp, and simple training pathways for providing
support to field workers as well as the introduction of a downloadable app for the recognition of skin
diseases. Problems in diagnosis remain where there is a range of clinical manifestations that may
lead to a single diagnosis (e.g., mycetoma), or where the presentation of disease states is camouflaged

Trop. Med. Infect. Dis. 2019, 4, 4 1 www.mdpi.com/journal/tropicalmed
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by inappropriate treatments such as cheap and easily available corticosteroids. The operation of
community-based schemes for diagnosis and management is explored further as is the potential for
new diagnostic interventions. The use of these interventions, adapted however to local conditions,
is critical, an issue which is also explored in this series. In addition, the skin is highly visible to the
patient or family member, and any disease that affects it is both noticeable and will have an impact
on personal and social wellbeing. Changes to the skin often re-enforce feelings of social isolation and
stigma experienced by patients with NTDs, and addressing these diseases must form a central plank
of any control strategy.

Identifying a common ground is critical for the successful control and management of a number
of neglected diseases, particularly for reasons of practicability in implementing operations in the field.
Grouping some of these together as skin NTDs will advance this cause. This strategy also produces
different impacts on different diseases in different ways. For example, in the case of leprosy, despite the
introduction of post-exposure prophylaxis, the identification of cases through recognition of the signs
on the skin remains at the heart of effective control. The same is true of other neglected diseases from
mycetoma to Buruli ulcer. Ensuring that patients can be identified is also critical for those diseases
that are amenable to mass drug administration, because the detection of the remaining cases will
be a key element of the task of completing elimination. There will be areas where MDA cover has
been incomplete or where finding “missed” cases forms a key to preventing resurgences in the future
or recognizing the emergence of drug resistance. Seizing a common ground in the management of
disease disability is also crucial as, for instance, the care, rehabilitation and protection of peripheral
limbs is a key strategy for leprosy, podoconiosis, mycetoma and lymphatic filariasis as it is in diabetic
foot [7-9]. These arguments for an integrated approach extend even further through interdependence
and the promotion of community education, the relief of stigma, disease mapping, as well as research
and training.
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Abstract: Mycobacterium ulcerans is the causative agent of Buruli ulcer, also known in Australia as
Daintree ulcer or Bairnsdale ulcer. This destructive skin disease is characterized by extensive and
painless necrosis of the skin and soft tissue with the formation of large ulcers, commonly on the
leg or arm. To date, 33 countries with tropical, subtropical and temperate climates in Africa, the
Americas, Asia and the Western Pacific have reported cases of Buruli ulcer. The disease is rarely
fatal, although it may lead to permanent disability and/or disfigurement if not treated appropriately
or in time. It is the third most common mycobacterial infection in the world after tuberculosis and
leprosy. The precise mode of transmission of M. ulcerans is yet to be elucidated. Nevertheless, it is
possible that the mode of transmission varies with different geographical areas and epidemiological
settings. The knowledge about the possible routes of transmission and potential animal reservoirs
of M. ulcerans is poorly understood and still remains patchy. Infectious diseases arise from the
interaction of agent, host and environment. The majority of emerging or remerging infectious disease
in human populations is spread by animals: either wildlife, livestock or pets. Animals may act as
hosts or reservoirs and subsequently spread the organism to the environment or directly to the human
population. The reservoirs may or may not be the direct source of infection for the hosts; however,
they play a major role in maintenance of the organism in the environment, and in the mode of
transmission. This remains valid for M. ulcerans. Possums have been suggested as one of the reservoir
of M. ulcerans in south-eastern Australia, where possums ingest M. ulcerans from the environment,
amplify them and shed the organism through their faeces. We conducted a systematic review with
selected key words on PubMed and INFORMIT databases to aggregate available published data
on animal reservoirs of M. ulcerans around the world. After certain inclusion and exclusion criteria
were implemented, a total of 17 studies was included in the review. A variety of animals around
the world e.g., rodents, shrews, possums (ringtail and brushtail), horses, dogs, alpacas, koalas and
Indian flap-shelled turtles have been recorded as being infected with M. ulcerans. The majority of
studies included in this review identified animal reservoirs as predisposing to the emergence and
reemergence of M. ulcerans infection. Taken together, from the selected studies in this systematic
review, it is clear that exotic wildlife and native mammals play a significant role as reservoirs for
M. ulcerans.

Keywords: Mycobacterium ulcerans; animal reservoir; transmission

Trop. Med. Infect. Dis. 2018, 3, 56 4 www.mdpi.com/journal/tropicalmed
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1. Introduction

Sir Albert Cook, a British missionary doctor appointed at the Mengo Hospital in Kampala, Uganda,
first noted the skin ulcer caused by Mycobacterium ulcerans in 1896. Later, in the late 1930s, two general
practitioners, Drs. J. R. Searl and D. G. Alsop, working in rural Victoria, Australia, noticed a group of
cases of mysterious skin ulcers around the town of Bairnsdale [1]. The cases were not published in
the literature at the time and the causative organism was not identified or characterized. Professor
Peter MacCallum and his colleagues first provided the detailed description of the disease in 1948,
using presentation data of six patients in the Bairnsdale district, near Melbourne. They were the first to
isolate M. ulcerans as the causative organism of the mysterious skin ulcer [2]. The first large cluster of
M. ulcerans infection was identified in the Buruli County of Uganda (now called Nakasongola District)
in the 1960s and the disease was termed ‘Buruli ulcer’ (BU) thereafter [3].

There have been several known outbreaks of Buruli ulcer around the world and each outbreak has
its own unique characteristics in terms of epidemiology and the animals reported to be involved
in transmission [4,5]. The World Health Organization (WHO) has classified BU as a neglected
tropical disease [6]. Presently, BU has been reported (but not always microbiologically confirmed)
in more than 30 countries spread over Africa, the Americas, Asia, and Oceania [7]. Australia is the
only developed country with significant local transmission of BU, with foci of infection in tropical
Far North Queensland [8,9], the Capricorn Coast region of central Queensland [10], the Northern
Territory [11] and temperate coastal Victoria [10]. Non-human cases of M. ulcerans are prevalent
in Australia only, where several cases of BU have been described in both native wildlife and
domestic mammal species such as koalas (Phascolarctos cinereus) [12,13], common ringtail possums
(Pseudocheirus peregrinus) [14,15], a mountain brushtail possum (Trichosurus cunninghami) [5,14,15],
two horses [16], an alpaca [17], four dogs [18] and a cat [19]. Recent research in Victoria, Australia,
has suggested the transmission of infection by mosquitoes, and possums with chronic BU as an
important environmental reservoir of M. ulcerans in Victoria [14].

2. Materials and Methods

The PRISMA guidelines developed by the Centre for Review Dissemination (CRD) were
used as the methodology for the systematic review [20]. A review protocol was registered with
PROSPERO international prospective register of systematic reviews, which can be viewed online [21].
The systematic literature review was conducted using online databases MEDLINE and INFORMIT
to aggregate all the published literature. Initially, MEDLINE was used to retrieve all the scientific
information concerning the research topic. INFORMIT was searched with same search strategies
adopted for MEDLINE. The following key words were chosen after a series of trial searches in order to
ensure an adequate number of relevant articles were reviewed: (Buruli OR ‘Mycobacterium ulcerans’)
AND (Host OR Vector OR Reservoir OR Animal), accessed on 6 May 2018. The title and abstract of
each of the articles were initially scanned to ensure that the included articles met the aim and scope
of the systematic review. Articles that were deemed irrelevant to the aim of this systematic review
or out of the research scope were excluded. For those articles that were not clear by the title and
abstract, the full text was retrieved and further analyzed in order to determine if they met the inclusion
and exclusion criteria below. The studies that reported only experimental or laboratory exposure of
M. ulcerans in animals were excluded. The search strategy exclusively focused on potential animal
reservoirs, not the vectors. The detection of the causative agent had to be confirmed by culture of
bacteria and/or PCR. To be considered positive a sample needed to be confirmed either by culture of
bacteria or positive for IS 2404 and reconfirmed by KR and IS 2606. Undoubtedly, PCR targeting IS 2404
is highly specific for detecting M. ulcerans in clinical specimen [22]. However, for detecting M. ulcerans
from environmental samples, confirmatory PCR targeting two additional insertion sequences, IS 2606
and the ketoreductase B domain (KR), is essential to differentiate M. ulcerans from other environmental
mycobacteria that may carry IS 2404 and other non-mycolactone-producing mycobacteria [22]. Thus,
IS 2404-PCR used in conjunction with IS 2606 and KR-PCR confirms that the detected organism is M.
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ulcerans. There were no language restrictions. Risk of bias was assessed by one reviewer on the basis
of independent factors such as sample size, location and nature of infection.

3. Results

3.1. Results of the Literature Search and Method of Inclusion

The total number of discovered articles in MEDLINE database was 351. Three hundred and
fourteen articles were excluded after reading the title and abstracts as they were not relevant to the
research question. Full texts of thirty-seven studies were retrieved in portable document format (PDF)
for further analysis. Of these remaining 37 studies, 19 were excluded as they clearly did not meet
inclusion criteria (i.e., they were review articles, focused on vectors rather than on animal reservoirs,
or pertained to laboratory or experimental exposure). One additional duplicate article was excluded as
well. The remaining 17 studies from the PubMed database were included for systematic review. There
were no additional articles in INFORMIT that did not appear in the initial MEDLINE search results.
The flow chart for study selection process is shown in Figure 1.

Total hits, n =351

Excluded after reading title and

\ 4

abstracts, n =314

A 4

Full copies retrieved and assessed for

eligibility, n =37

Review article, n=6
~——] Not relevant to research question, n =13

Duplicate article, n=1

\ 4

Study included in review, n =17

Figure 1. Flow chart of study selection process.

3.2. Basic Characteristics of Selected Studies

Out of the 17 included studies, ten were conducted in Australia, two in Ghana and one was
conducted in each of Ivory Coast, North America, United States, Benin and Japan. The basic
characteristics of selected studies for review are shown in Table 1 below.
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4. Discussion on Possible Reservoirs and Vectors of Mycobacterium ulcerans by Country

This systematic review assessed the potential animal reservoir of M. ulcerans around the world
recorded to date. This is essential for understanding the epidemiology and mode of transmission of
the disease, which subsequently aids in prevention, control and elimination strategies.

4.1. Australia

Out of 17 studies included in this review, 10 were conducted in Australia. In Australia, the disease
is more prevalent in the southeastern state of Victoria and in Far North Queensland. After the detection
of M. ulcerans infection in four koalas in 1980 at Raymond Island, Australia [13], the entire island was
searched for koalas in the following year. Thirty-six male and 51 female koalas were captured and
examined. Of these, 18 out of 87 animals had skin wounds and 11 were found positive for M. ulcerans.
Diagnosis was made on pathological and bacteriological examination; the PCR-based method used
for the identification of M. ulcerans from clinical and environmental samples was only implemented
in 1996 [30]. Non-human cases of M. ulcerans in Australia have been reported in marsupial species
such as koalas [13], ringtail and brushtail possums [14,15,31], horses [16], alpacas [17], dogs [18] and
cats [19]. A study conducted by Fyfe and colleagues between 2007-2009, at Point Lonsdale, a small
coastal town south east of Melbourne, Australia, which is also endemic for BU, found that 43% of
ringtail possum and 29% of brushtail possum faecal samples were positive for M. ulcerans DNA [14].
Only 1% of faecal samples from non-endemic area possums were positive for M. ulcerans DNA in
this study, suggesting terrestrial mammals such as possums are potential reservoirs of M. ulcerans in
southeast Australia. Several studies have identified possums (both ringtail and brushtail) as potential
reservoirs since then [5,15]. In Australia, other than the southeastern state of Victoria, BU is also
prevalent in Far North Queensland [8]. Inspired by the evidence of possums as potential reservoirs of
M. ulcerans in Victoria, a study conducted by Roltgen and colleagues (2013) in northern Queensland,
Australia, detected M. ulcerans DNA from two bandicoot faecal samples, suggesting the possibility
that bandicoots are a potential reservoir of M. ulcerans in Far North Queensland [9].

4.2. Africa

Out of the 17 studies included in this review, four were conducted in West African countries:
two in Ghana [23,25], one in the Ivory Coast [24] and one in Benin [27]. Durnez and colleagues
(2006) caught 326 rodents and 222 shrews from endemic and non-endemic villages of Benin and
tested for M. ulcerans, but no specific DNA was detected from any of their samples [27]. Despite their
results, they suggested the necessity of more intensive research focusing on small mammals in Africa.
Willson reported positive PCR with IS 2404 only from tadpoles and fishes from Ghana [25]. Similarly,
two faecal specimens from Thryonomys swinderianus (agouti) were reported positive for M. ulcerans in a
study conducted by Bi Diangoné Tian and colleagues (2014) from the Ivory Coast [24]. They suggested
agouti, which are closely related to Australian possums, could be a potential reservoir of M. ulcerans in
Africa. However, RT-PCR targeting IS 2606 was not conducted to confirm M. ulcerans. A faecal survey
of domestic animals in rural Ghana for M. ulcerans conducted by Tobias and associates suggested
no evidence of association between domestic animals and M. ulcerans in endemic and non-endemic
villages in Ghana [23]. Unlike Australia, not a single study in Africa has reported the presence of
M. ulcerans-positive DNA or cases in non-human species, suggesting that transmission dynamics may
be different in Africa and Australia or, alternatively, a host animal is yet to be identified in Africa.

4.3. Other Countries

No study has reported M. ulcerans DNA or cases in non-human species in any country other
than Australia. A study conducted by Heckert in 1997 at Chesapeake Bay, USA detected a new
Mycobacterium species from wild striped bass [29]. This new isolate was closely related to M.
marinum, M. ulcerans, and M. tuberculosis. Similarly, Sakaguchi and associates reported an atypical
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mycobacterial infection in an Indian flap-shelled turtle (Lissernys punctata punctata), imported from India
to Japan in an aquarium [26]. A PCR assay targeting the rpof gene revealed the isolate had 89-100%
homology to M. ulcerans and M. marinum. Again, this study could not differentiate M. ulcerans
from mycolactone-producing M. marinum (MPMM). Appleyard and Clark (2002) reported a new
Mycobacterial species, namely ‘Mycobacterium visibilis’ from three cats initially suspected of having
M. ulcerans infection [28].

5. Conclusions

Human cases of BU have been reported in more than 30 countries from Africa, America, Asia
and Oceania. Since the implementation of PCR-based methods for the detection and identification
of M. ulcerans from clinical and environmental samples, there has been a significant increase in
overall knowledge of BU. There is no record of direct human-to-human transmission of M. ulcerans,
unlike tuberculosis and leprosy. Australia is the only country where non-human cases of BU have been
identified, with small mammals, especially possums and, to some extent, bandicoots, being implicated
as potential reservoirs of M. ulcerans. Despite there having been several outbreaks in African countries,
no non-human cases have been recorded so far and there is no evidence of any animal acting
as a potential reservoir for this organism. None of the studies included in this review discussed
strain variation of M. ulcerans in different geographical regions leading to an increase or decrease
in susceptibility among animal or human population. Compared to other mycobacteria, such as
M. tuberculosis, there is very little genetic diversity among isolates of M. ulcerans. Some variation among
the strains of M. ulcerans from Africa, the Americas, Asia and the Western Pacific has been recorded;
however, the linkage between these various strains and virulence in human or animal population has
not been recognized so far. Remarkable differences in the type of mycolactone produced by M. ulcerans
in different geographical location has been recorded. African strains produce more mycolactone variant
A and B, whereas strains from Australia produce more mycolactone variant C. However, this variation
has nothing to do with host susceptibility to M. ulcerans; rather, it determines cytopathogenecity and
thus clinical presentation of disease.

This systematic review suggests the need for extensive laboratory and field research focusing on
domestic animals and wildlife to elucidate their roles in BU-endemic countries.
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Abstract: The uncontrolled sale of topical corticosteroids has become an important risk factor for the
development of iatrogenic Cushing syndrome in children, especially in countries where medications
are sold over the counter. This is exacerbated by the lack of information for both the patients and
pharmacists. This report documents a series of eight cases of iatrogenic Cushing syndrome secondary
to an inappropriate use of topical steroids, due to a misdiagnosis of scabies.

Keywords: scabies; Cushing syndrome; iatrogenic; topical corticosteroids

1. Introduction

Scabies is a highly contagious skin disease caused by the mite Sarcoptes scabiei var. hominis.
Transmission mainly occurs through direct skin contact, often from family members. Scabies is
estimated to affect 200 million people worldwide [1]. Reported prevalence rates vary from 0.3-46% [2],
with the highest prevalence rate observed in children in tropical countries. Predisposed factors include
heat, humidity, overcrowding and increased contact with exposed skin areas [3]. Common (also known
as typical or classical) scabies is highly symptomatic, with an intense itch and a rash consisting of
discrete to moderate disseminated papules. These are secondary to the antigen released by the parasite
and subsequent immune and inflammatory reactions. Other family members frequently have similar
symptoms. Crusted scabies is a rarer form of the disease, usually affecting immunosuppressed patients,
and presents with hyperkeratotic skin lesions containing thousands of mites.

In Mexico, a common superstition suggests that infants can develop illness if they are not held by
a person who gazes at them, as it puts the infant at risk of acquiring ‘the evil eye’. Therefore, parents
commonly encourage others, even complete strangers, to touch and hold their child [4]. There is also a
general lack of awareness that prolonged contact with an infected person can be the cause of scabies or
other infectious diseases. Instead, dogs, cats or poor quality of water are often blamed as the cause of
the disease. Once a child becomes unwell, parents commonly use household remedies or medications

Trop. Med. Infect. Dis. 2018, 3, 82 13 www.mdpi.com/journal/tropicalmed
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obtained at local pharmacies, where employees may not have any medical or pharmacological training.
As many inflammatory dermatological conditions will respond to topical corticosteroids, these are
frequently purchased by patients without consultation with a clinician. Topical corticosteroids are
known to exacerbate some conditions, particularly infections such as tinea and scabies [5,6].

Topical steroids are graded in terms of potency as either low, medium, high or very high.
Whilst low potency steroids are often well tolerated, the absorption of higher potency steroids through
the skin can cause Cushing syndrome due to suppression of the hypothalamic-pituitary-adrenal axis,
especially if used over large areas of skin, or for prolonged periods [7,8]. In Mexico, topical steroids at
all potencies are available without medical prescription over the counter. One of those most commonly
sold products is a combination cream containing betamethasone (0.5%), clotrimazole, and gentamicin.
The cost is approximately 1.5 USD per 25 g tube [9]. In recent times, high potency combination steroid
creams have been widely promoted in Mexico on television, bus advertising, social media and on-site
at pharmacies. Even though steroids are used widely in dermatology, their misuse for the treatment
of scabies has become increasingly common and problematic in the last 2 to 3 years, causing severe
medical problems that deserve wider recognition and prevention.

Permethrin is the most effective topical treatment for scabies, but, it is expensive, which limits its
use in Mexico. Other topical treatments for scabies include benzyl benzoate (the most widely available
in Mexico), sulfur cream or ointment, crotamiton and lindane [10]. Topical treatments frequently cause
adverse effects, including contact dermatitis, erythema, and a worsening itch, which can lead to the
early suspension of treatment, intermittent usage and a high frequency of relapse. Ivermectin is an
effective oral treatment but is unavailable in many settings. Furthermore, although treatment of all
close contacts is recommended, family members and other contacts may be asymptomatic or otherwise
reluctant to be treated, further encouraging reinfestation [11].

2. Case Series

This report documents a series of cases involving eight infants, aged from 3 months to 1.5 years
(Table Al). All patients clinical signs of Cushing syndrome, including increased adiposity, prominent
cheeks, mild to moderate hirsutism on the forehead and side brows, discrete striae and telangiectasias.
One patient had such significant weight gain that she lost the ability to support her own body weight.
All patients also had disseminated lesions of scabies, with papules, scaling and nodules predominantly
in skin folds and the soles of their feet. Two infants had the severe form of crusted scabies.

All cases had a history of continuous or discontinuous use of topical corticosteroids
(betamethasone (0.5%) combined with clotrimazole and gentamicin), applied to affected lesions
or used on the entire body’s surface.

All scabies patients were diagnosed at the Dermatology department of the Acapulco General
Hospital in Guerrero, Mexico. Diagnosis was made clinically in all patients based on the typical
rash, itch and affected cohabitants. The patients with crusted scabies had extensive scaling lesions
on the back, palms and soles with moderate papules and discrete nodules on the rest of the body’s
surface, particularly in the skin folds. Symptoms of scabies had been present for 1 to 7 months prior
to diagnosis. In all cases, the mothers also had clinical lesions of scabies, and in four of eight cases,
the mothers had a history that was suggestive of scabies during pregnancy. The number of family
members in each household that had daily contact with the patients ranged from 3 to 12. In all
cases, the use of the steroid cream was reported to have resulted in initial improvement of symptoms.
However, the signs and symptoms would return and worsen whenever the usage of corticosteroid
was suspended. Affected family members did not seek medical advice until symptoms worsened.
None of the parents were aware that the weight gain and other physical signs of Cushing syndrome
were related to the use of the steroid cream. Two patients experienced recurrent upper pulmonary
infections during the use of topical steroids that required referral to a physician.

All patients were treated with sulfur cream (4%). Family contacts were treated with oral ivermectin.
Twenty-four-hour urine cortisol was requested for patients, but this was often not completed in the
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majority of cases due to lack of financial resources. One case had the investigation performed one
month after cessation of betamethasone, which was reported to be within normal limits.

Follow-up information for patients was limited by the fact that families resided in distant places.
All patients were referred to the pediatric service, while two attended for a consultation, with no
further complications found. The rest of the patients did not attend a consultation, possibly due to the
resolution of scabies symptoms after effective treatment and cessation of steroids. A telephone contact
follow-up was attempted but unsuccessful. A check of the patients” hospital files did not reveal any
further visits for outpatient consultation or to the emergency department.

3. Discussion

Scabies has recently been added to the list of Neglected Tropical Diseases designated as priorities
for control by the World Health Organization [12]. Organizations like the International Alliance for
the Control of Scabies have focused on building the evidence base and advocacy strategy for the
global control of scabies. This is because of the disease’s frequency, global burden, complications
and effects on already disadvantaged populations [13]. Whilst common scabies, without secondary
bacterial infection, is not life threatening and can be treated simply in many patients, this case series
demonstrates that the uncontrolled and chronic use of high potency steroids, including clobetasol and
betamethasone, can lead to potentially harmful complications such as Cushing syndrome and other
endocrine disorders as well as the development of crusted scabies [7,14]. Patients with crusted scabies
have intense scaling on the palms and soles and numerous nodular lesions on axillary and inguinal
folds as well as on the scrotum for boys and diaper rim on the waist [15] (Figure A3). Topical or
systemic glucocorticoids should be used with caution and never as a treatment for scabies in children.

There are many factors that contribute to the development of Cushing syndrome in this case series
and the many other cases we have observed in our practice. Scabies is often not accurately diagnosed,
particularly as a medical opinion is not sought after by families, which leads to erroneous treatment.
Scabies has recently re-emerged as a major health problem in parts of Mexico, and families are searching
for effective treatments for this highly symptomatic disease. At the same time, over-the-counter creams
have been promoted to pharmacies and general practitioners as low-cost treatments for a broad range
of bacterial, mycotic and inflammatory skin conditions. Previously, steroid-misuse complications
have been widely reported, but most reports relate to either eczema in developed countries or to skin
lightening creams or fungal infections in underdeveloped countries [5,16]. Patients with scabies may
consider these treatments to be cost effective due to the rapid (initial) relief of itch and desire to avoid
the cost of medical consultation [17].

Parents may not recognize the rapid weight gain as one of the signs of the infant’s developing
health problem [4], due to the common belief that ‘a fat baby is a healthy one’, which leads to reassuring
and positive comments on the infant’s appearance from friends and family members [18,19].

The incidence of Cushing syndrome secondary from the use of topical steroids is unknown and
quite likely underreported [8,20-22]. In addition to the inappropriate treatment of scabies and other
skin disorders (including diaper rash, psoriasis, tineas or inflammatory diseases) causing iatrogenic
Cushing syndrome, there are reports of Cushing syndrome being caused by inappropriate steroid
use for ophthalmologic conditions including cataracts and glaucoma [23]. These risks reinforce the
importance of reporting the steroid-related consequences and secondary effects. Further reporting and
investigation of these issues may increase awareness amongst health workers and organizations which
will lead to advocacy for the regulation and restriction of cortisone-containing products in Mexico and
other countries experiencing this issue [24-26].

Sulfur and benzyl benzoate are the most available topical scabies treatments in Mexico.
Even though they are effective if applied to the whole body for the recommended duration,
they frequently cause irritation, erythema, scaling, intense pruritus or even contact dermatitis, all of
which may lead to the interruption of treatment or discontinuous therapy, which ultimately reduces
the effectiveness of the treatment. Alternative treatments for scabies, such as tea tree oil, are under
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investigation but their effectiveness is unproven [27]. Economical and effective treatments are still
needed in resource-limited countries, where family income is usually reserved for food, housing and
clothing which leaves non-life-threating diseases as lower priorities [28].

The education of health workers is of great importance, as they are the point of first contact.
Health workers need to know how to recognize, diagnose and appropriately treat common scabies,
and to avoid the use of corticosteroids, especially in children. Complicated cases, or those that do not
improve with first-line treatments, should be referred for further assessment. In countries like Mexico,
in which there are fewer regulations on the sale of medications, it is essential to inform the general
population of the potential risks when medications are not used as intended.

We have introduced teledermatology as part of the Community Dermatology program in
Mexico [29] for the education of health workers and doctors in isolated communities. This approach
promotes improvements in clinical diagnosis and treatment and can be used to reduce the number
of complicated cases. Greater awareness and action are needed for the widespread health problems
related to the inappropriate use of steroids [30].
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Appendix A
Table Al. Cases of scabies and iatrogenic Cushing syndrome.
Age Topical Steroid Treatment Clinical Features
Sex

(Months) Usage . s . Symptom
Duration Frequency Regularity Adiposity  Scabies Duration

1 5 Female 1 month 4 times a day Continuous +++ Crusted 1 month
2 6 Female  5months  1-2times a day Intermittent ++ Common 6 months
3 7 Male 3 months 2 times a day Continuous ++++ Common 3 months
4 7 Male 2months  2-3 times a day Intermittent +++ Common 7 months
5 8 Male 8 months Daily Continuous ++++ Crusted 8 months
6 9 Female 1 month 3 times a day Continuous ++++ Common 6 months
7 16 Male 5 months Daily Continuous ++ Common 6 months
8 17 Female 4months 1-2timesaday Discontinuous ++ Common 3 months
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Figure A2. Prominent cheeks, mild telagiectasias and disseminated papulo-nodular lesions.
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Figure A3. Crusted scabies with intense scaling and nodular lesions in child and mother with scabies.
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Abstract: Skin diseases are a significant cause of morbidity and mortality worldwide; however, access
to dermatology services are critically limited, particularly in low- to middle-income countries (LMIC),
where there is an overall shortage of physicians. Implementation of long-range technological support
tools has been growing in an effort to provide quality dermatology care to even the most remote
settings globally. eHealth strategies can provide realistic healthcare solutions if implemented in
a feasible and sensitive way, customizing tools to address the unique needs and resource limitations
of the local setting. This article summarizes the various types of telemedicine and mobile health
(mHealth) tools and their practical applications and benefits for patient care. The challenges and
barriers of teledermatology are discussed, as well as steps to consider when implementing a new
teledermatology initiative. eHealth arguably offers one of the most flexible and realistic tools for
providing critically needed access to dermatology skills in underserved LMICs.
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1. Introduction

Skin diseases are a significant cause of morbidity and mortality worldwide; however, access to
dermatology services are critically limited, particularly in low- to middle-income countries (LMICs),
where there is an overall shortage of physicians [1]. The World Health Organization (WHO) has
estimated that there is a worldwide shortage of 4.3 million physicians and nurses, and countries with
the lowest density of healthcare workers such as sub-Saharan Africa, have the highest level of disease
burden [2-4]. When an estimated 1 billion people across the world do not have access to a trained
healthcare worker, access to specialty services like dermatology care is very rare [3,4]. Many regions
completely lack a dermatology specialist or have dermatologists that live only in urban areas, leaving
remote populations without access to care [5,6]. Skin diseases are reported to be the 4th leading
cause of disability worldwide, but with the limited number and distribution of dermatologists, it is
nearly impossible to provide adequate care to everyone in need using traditional methods [7]. Thus,
the implementation of long-range technological support tools has been growing in an effort to provide
quality dermatology care to even the most remote settings globally. eHealth strategies can provide
realistic healthcare solutions if implemented in a feasible and sensitive way, customizing tools to
address the unique needs and resource limitations of the local setting.

The WHO defines eHealth as the overall use of information and communication technology for
health, which can broadly apply to all parts of the healthcare system from electronic medical record
systems, education, research, clinical care, and hospital information systems [8]. There are numerous
subsets of eHealth that can augment the delivery of healthcare; however, when looking to improve
the diagnosis and management of skin diseases in remote field settings, mobile health (mHealth) and
more specifically mobile telemedicine tools can provide flexible and innovative solutions.
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Telemedicine is a subset of eHealth that encompasses the use of electronic communications
technology to exchange medical information for the purposes of health and education. Dermatology
is uniquely suited for telemedicine because of the largely visual component involved in diagnosis.
Teledermatology can be delivered using either store and forward or live methods. Store and forward
(SAF) methods, which are the most commonly utilized, involve gathering data that is then sent to
a distant provider to be reviewed at a later time. Live telemedicine utilizes videoconference technology
to connect a patient or provider in real time with a distant provider for consultation. Live telemedicine
is infrequently used in the developing world due to the difficulty in sustaining a live connection.

Mobile health encompasses the use of mobile devices to support healthcare practices via various
applications. The estimated penetration of unique mobile subscribers worldwide reached 66%
(5.0 billion) in 2017, and is expected to be 71% (5.9 billion) by 2025 [9]. The majority of the world’s
cell phone subscriptions are now in the developing world, and mobile phones offer an accessible
healthcare tool that can be utilized even in the most remote settings. The type of healthcare that can be
delivered through mHealth depends on the device and network connectivity. In 2017, smartphones as
a percentage of mobile phone penetration were 34% in sub-Saharan Africa, and are projected to be 68%
in 2025. Including 3G, mobile broadband network coverage reached 83% globally in 2016 [9]. As the
connectivity advances in LMIC, the opportunities for mHealth expand.

2. Types of Mobile Health (mHealth) and Telemedicine Tools

eHealth tools come in a variety of formats that may be customized depending on the needs of
the users. Table 1 outlines the various platforms that can be leveraged to practice teledermatology
and summarizes their associated advantages and disadvantages. Formal telemedicine platforms
utilize programs that have been specially designed to transmit secure healthcare information between
providers. Traditionally, SAF teledermatology platforms were created solely for desktop use and
required uploading photographs to a web-based program, which could prove challenging for providers
with low computer literacy, limited internet access, and poor computer resources. In recent years,
most web-based teledermatology platforms have also developed an associated mobile application
that functions in parallel to the web-based program and allows for easier data collection and flexible
connectivity over mobile networks or wifi. Providers can work directly from their mobile smartphones
to transmit photos and patient information to remote consultants.

Formal SAF teledermatology platforms require each user to be registered in the program and are
tailored to collect a predetermined set of information. A customized dermatology template can be
provided for patient data collection, which allows providers with limited dermatology knowledge
to perform a thorough skin history without significant prior dermatology experience. Photos of the
patient can then be attached to the consultation (Figure 1). Benefits of this type of service include
secure data transmission and higher likelihood of pertinent patient information being included in
consultations. Limitations include the need to individually register users and train them to use the
application. Most programs will work over a mobile connection but require a strong network signal
for ideal performance. Examples of successful long-term teledermatology programs using formal SAF
platforms to support developing countries include the Africa Teledermatology Project [10], the Swinfen
Charitable Trust [11,12], the Médecins Sans Frontiéres Telemedicine Network [13] and Réseau Afrique
Francophone de Télémédecine (RAFT) project [14].

Informal telemedicine platforms include any method that allows the electronic SAF transmission
of patient data. These tools allow for the quick and easy exchange of data without the need to
individually identify, register and train all users. However, they have the drawback of not providing
any formal framework for the collection or organization of data. The cons