Report

M) Check for updates

International Journal of

Dermatology

Diagnostic capacity for cutaneous fungal diseases in the

African continent

Aida S. Badiane, PhD'

Lala S. Ramarozatovo, MD?
Ameyo M. Dorkenoo, MD, PhD*

Safiatou N. Doumbo, PhD®

Christine Mandengue, MD® (5 Cara M. Dunaisk, Msc®

Mamadou Ball, Mp” Mariem K. Dia, MD’ Gilles S. L. Ngaya, PharmbD, MSc®
Hassane H. Mahamat, PhD, Dr. Med. Vet., MBA® Hortense Kalombo, BSc, BM'°

Alasana Bah, Bsc, msc'’
Ayni M. Mohamed, Bsc'*

Fahafahantsoa Rapalanoro Rabenja, MD, PhD?

Zimania Ca, MD'? Jose C. Langa, Msc'®

Margaret Mokomane, PhD'® Sarah A. Ahmed, PhD'®

Roderick J. Hay, bm, FRcp'?

Richard O. S. Penney, MSci'® Emma Orefuwa, BSc, Msc'® and
David W. Denning, FRCP, FR'®1%

"Cheikh Anta Diop University of Dakar,
Aristide Le Dantec Hospital, Dakar,
Senegal, 2USFR Dermatologie-
Rhumatologie, de ahead of Dermatologie,
Hopital Universitaire JRB Antananarivo,
Antananarivo, Madagascar, 3Department of
Epidemiology in Parasitic Diseases,
University of Science, Techniques and
Technologies of Bamako, Bamako, Mali,
“Département des Sciences Biologiques et
Fondamentales, Faculté des Sciences de la
Santé, Université de Lomé, Lomé, Togo,
SDermatology Unit, Université des
Montagnes, Bangangté, Cameroon, ®Health
Sciences, Namibia University of Science
and Technology, Windhoek, Namibia, "The
Faculty of Medicine at the University of
Nouakchott and Ministry of Health,
Nouakchott, Mauritania, 8Institute Pasteur,
Bangui, Central African Repubilic,
SL’Association des Vétérinaires Africains
(Rég. Afrique Centrale), N'Djamena, Chad,
""Direction des Laboratoires de Santé,
Ministére de la Santé Publique, Hygiéne et
Prévention, Kinshasa, Democratic Republic
of Congo (DRC), "'"Medical Research
Council (MRC) Unit The Gambia at London
School of Hygiene and Tropical Medicine,
Banjul, The Gambia, 'Guinea Bissau
National Health Center (CENAS), Bissau,
Guinea Bissau, "*Faculty of Medicine,
Eduardo Mondlane University, Maputo,
Mozambique, '“National Public Health
Reference Laboratory, Ministry of Health,
Mogadishu, Somalia, **University of
Botswana, Gaborone, Botswana, '®Center
of Expertise in Mycology Radboudumc,
Canisius Wilhelmina Hospital, Nijmegen,
The Netherlands, '’King’s College, London,
UK, "®Global Action For Fungal Infections

© 2023 The Authors. International Journal of Dermatology published by Wiley Periodicals LLC

Abstract

Background Cutaneous fungal infections are very common, especially in poorer
communities and with intercurrent HIV infection. Determining the fungal pathogen in
skin-related fungal neglected tropical diseases (NTDs) determines optimal therapy. We
undertook a country survey across many African countries to determine the diagnostic
capacity for skin fungal diseases.

Methods A detailed questionnaire was delivered to country contacts to collect data on
availability, frequency, and location of testing for key diagnostic procedures and followed
up with 2 rounds of validation by video call and by confirmation of individual country data
confirmation by email.

Results Of 47 countries with data, seven (15%) and 21 (45%) do not offer skin biopsy in
the public or private sector, respectively, but 22 (46%) countries do it regularly, mostly in
university hospitals. Direct microscopy is often performed in 20 of 48 (42%) countries in
the public sector and not done in 10 (21%). Fungal cultures are often performed in 21 of
48 (44%) countries in the public sector but not done in nine (20%) or 21 (44%) in either
public or private facilities. Histopathological examination of tissue is frequently used in 19
of 48 (40%) countries but not in nine (20%) countries in the public sector. The cost of
diagnostics to patients was a major limiting factor in usage.

Conclusion Major improvements in the availability and use of diagnostic tests for skin,
hair, and nail fungal disease are urgently needed across Africa.
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Introduction

Africa, one of the world’s largest continents in terms of surface
area and population, is largely made up of developing countries.
The 1.3 billion African population do not yet have an effective
health system that meets the standards required to achieve the
objectives of Universal Health Coverage. Infectious and nonin-
fectious skin diseases are significant public health problems,
affecting about a billion people.? Often ignored or underesti-
mated compared with major communicable diseases such as
HIV, tuberculosis, or malaria, skin fungal diseases may be pri-
mary, caused by trauma or implantation or linked to an immune
deficit.® Fungal or nonfungal diseases with deep involvement
may have cutaneous signs that can clinically guide the diagno-
sis. Cutaneous signs can be the initial signs of deep fungal or
nonfungal diseases. In Africa, there is an upsurge in fungal dis-
eases ranging from mild and superficial to deep or systemic fun-
gal infections, but prevalence is unavailable in most African
countries owing to the lack of registers recording fungal
disease.*®

In most epidemiological studies of dermatology carried out in
Africa, fungal skin infections are always present, probably linked
in part to low socioeconomic status.*® Superficial fungal infec-
tions are mainly diagnosed by visual inspection, some incor-
rectly; laboratory confirmation is used to confirm the diagnosis if
it is available.

Cutaneous fungal disease is most often caused by dermato-
phyte fungi, Candida or Malassezia species. Subcutaneous
mycoses, which are uncommon, follow trauma and local implan-
tation. This group includes chromoblastomycosis, mycetoma,
sporotrichosis, and other infections requiring histological,
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microscopic, and culture for accurate diagnosis. Finally, cutane-
ous manifestations of systemic mycoses including disseminated
histoplasmosis or cryptococcosis constitute a particular group of
fungal infections occurring in debilitated or immunocompromised
patients.

Dermatophytosis is a superficial and often neglected fungal
infection in Africa. Tinea capitis is the most common clinical
form in children. The disease affects more than 20% of school-
age children in West Africa and probably with a prevalence of
about 138 million.® In adults, tinea corporis is the most fre-
quently encountered and is more common than tinea capitis, at
least in tertiary centers in West Africa.” Coulibaly and col-
leagues in a review found a predominance of anthropophilic
dermatophytes, mainly Trichophyton violaceum in northern and
eastern Africa, and T. soudanense and Microsporum audouinii
in western and central regions.* They have highlighted the
recent emergence of M. canis in North and East Africa. In Mad-
agascar, T. tonsurans, Nannizzia fulva, and T. terrestre were
most commonly isolated from children with tinea capitis.®

Differentiating the correct diagnosis from others in skin disor-
ders can be difficult due to the broad diagnostic possibilities. In
South Africa for example, among 3,814 patients in several pub-
lic hospitals, 4,424 diagnoses of dermatoses were found.®
Eczemas and papulosquamous eruptions accounted for 41.0%,
followed by infections including dermatophytoses (16.5%), acne
and rosacea (9%), dyschromias (7.5%), and connective tissue
disorders (4.2%).

Fungal skin infections are also common in HIV-infected
patients and may even be a clue to the diagnosis of HIV infec-
tion. In Burkina Faso, the overall prevalence of cutaneous
mycosis in HIV infection was 19.9%, more frequent in women
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and in those with a CD4 count under 500 x 10%L.'° C. albicans
(22.4%) and T. rubrum (19.8%) were the most isolated species.

Many healthcare systems in African countries lack adequate
diagnostic capability, especially with regard to most microbiol-
ogy tests, including mycology. Diagnostic errors and overtreat-
ment with antimicrobials can be mostly prevented with adequate
diagnostic and laboratory facilities for pathogen identification."’
Lack of ready accessibility to these services in primary health
centers and hospitals is a major public health problem in many
parts of Africa. Dermatologists per million population vary from
less than one in several countries to 49 in Egypt.'? Only 5% of
gross domestic product (GDP) is spent on health in sub-
Saharan Africa, which is half the world’s average.'® Sub-
Saharan African countries spent on average $79 per person in
2018, and many spent <$50."® The low value of GDP leaves lit-
tle room for investment or expenditure on the health sector,
whose resources come from foreign aid, the state budget, and
households who pay for all, or almost all, healthcare.'*

To assess the diagnosis of fungal skin infections in Africa,
we conducted a survey of the availability of tests such as direct
microscopy of skin, hair, nail samples, fungal culture, skin
biopsy, and histopathology and fungal staining procedures in
Africa. The survey was followed up with validation video confer-
ences, email clarification of specific points, and individual coun-
try confirmation of country profiles.

Materials and methods

This survey was conducted in six phases: (1) questionnaire
development in an Excel datasheet with later adaptation and
improvement, (2) questionnaire completion by in-country
respondents (usually collating responses from colleagues in
other disciplines, such as radiology, respiratory medicine,
dermatology, and ophthalmology), (3) questionnaire review and
data analysis by the GAFFI team and then video conference
call with respondent(s), (4) external validation from public or
private sources, (5) country validation via video conference call
with country leaders in the relevant topics (i.e., HIV/AIDS and
laboratory coordination) and/or Ministry of Health
representatives, where possible, (6) Africa Centres for Disease
Control and Prevention (ACDC) validation webinars and direct
contact with country leaders, using individual country profiles.
The questionnaire consisted of seven sections, including
information about the respondent and whether they were
answering for the country (with consultation) or just their region
or facility, availability of the WHO-recommended list of essential
fungal diagnostics, the frequency of testing, reasons for not
testing (i.e., cost, personnel, or unavailability of equipment), and
individual responsible for payment for the tests and for skin
biopsy procedure. Availability of diagnostics was classified by
level of facility providing each test and regularity of use.

The five levels of facility were classified as (a) diagnostic not
available anywhere, (b) private centers, (c) specialist/university
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centers, (d) district hospitals, and (e) community health centers.
The frequency of testing (how often tests are carried out in a
particular facility or setting) was differentiated into: “often,”
meaning daily or for less frequent tests such as skin biopsy
done weekly; “occasionally” meaning done weekly or monthly
(less frequent tests); and “rarely” meaning on special request,
often as a referred assay.

Payment for testing was delineated into (i) patient pays, (ii)
insurance pays, (iii) government or health service pays, and (iv)
a charity/foundation pays.

To disseminate the questionnaire, a snowball sample was
used, starting with GAFFI Ambassadors and existing networks
of contacts. Respondents were encouraged to contact
colleagues for tests or procedures where they did not have first-
hand knowledge. To ensure thorough coverage, additional
responses were sought from the larger countries, in most cases
from different parts of the country.

After receipt of a partially or fully completed questionnaire, an
online video conference was held to provide clarification, as
well as adding qualitative data, context, and narrative. Some
questionnaires were completed during this meeting. In
situations where there was still missing information, follow-up
was carried out to collect additional data. Translators were used
on video calls when necessary. Publications from countries
were also checked to ensure that reported results were aligned
with the questionnaire reports. Individual country profiles of
diagnostics and basic data were shared with the local
stakeholders and experts, to further verify data and correct any
inaccuracies. Online validation meetings were held with
stakeholders including representatives of the Ministry of Health
and the national laboratory service, as well as the initial
questionnaire respondent(s), to ensure an accurate picture of
the current status of diagnostics in 2022 was obtained.

Data were compiled into Excel and visualized using QGIS
software and Natural Earth vectors to design maps showing
each diagnostic’s coverage across the continent.'® Population
data were taken from the CIA World Factbook.'®

Results

Our survey yielded data on diagnostic test availability for cuta-
neous fungal diseases from 48 out of 49 African countries which
have a population of over 1 million individuals. We were unable
to garner any data from Lesotho. Countries with smaller popula-
tions were omitted from the survey included Cape Verde, Com-
oros, Dijibouti, Sao Tome and Principe, Seychelles, and
Western Sahara (six countries). In Somalia, we collected data
separately for the states of Somaliland and Puntland. The
Spanish enclaves Ceuta and Melilla and the French department
Réunion island were not included. The questionnaire was com-
pleted by respondents linked to 72 health facilities distributed in
the surveyed countries, some responding only for their institu-
tion and surrounding area, others nationally. Most respondents
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collated results from colleagues in different disciplines, regions,
and hospitals, and additional responses were received from
most Ministries of Health as part of the validation processes.
The results are presented below (Table 1, Figures 1-4). The
full report and individual country profiles are available online:
https://gaffi.org/africa-diagnostic-reports.

Skin biopsy

About 617 million people, living in 22 countries (Morocco,
Senegal, Tunisia, Liberia, Cote d’lvoire, Togo, Benin, Niger,
Nigeria, Central African Republic, Gabon, Sudan, Eritrea,
Namibia, South Africa, Zimbabwe, Uganda, Rwanda, Burundi,
Malawi, Madagascar, and Mauritius) had regular access to
skin biopsy in the public sector and in 10 of these countries
in the private sector as well (Table 1, Figure 1). However,
the situation in Madagascar is probably mirrored in many
countries: skin biopsies are only performed in university cen-
ters and in some private centers all located in the major cit-
ies, Antananarivo or Fianarantsoa, because of the lack of
laboratories and/ or pathologists available to perform

Table 1 Provision of fungal disease tests in 48 countries in
Africa, 47 for skin biopsy

Skin, hair,
Skin nail Fungal
biopsy microscopy culture Histopathology
N (%) N (%) N (%) N (%)
Not publicly 7 (15) 10 (21) 9 (20) 9 (20)
available
Not privately 21 (45) 20 (42) 21 (44) 25 (52)
available
Publicly 8(17) 9(18) 10 (21) 8 (17)
available,
used rarely
Privately 6(13) 5(10) 7 (15) 5 (10)
available,
used rarely
Publicly 10 (21) 9(18) 8 (17) 12 (25)
available,
used
occasionally
Privately 9(20) 10 (21) 7 (15) 8 (17)
available,
used
occasionally
Publicly 22 (46) 20 (42) 21 (44) 19 (40)
available,
used often
Privately 10 (21) 13 (27) 13(27) 10 (21)
available,
used often
No data 1(2) 0 0 0
(Zambia)

N represents the number of countries doing the test.

Badiane et al.

histological analysis. In Malawi, for instance, district hospitals
(level d) and community (level e) settings do not analyze
biopsies but only collect samples and send to facilities at
specialist/university (level c) or private facilities. There are
only three laboratories equipped to analyze biopsy samples in
the country: one private laboratory, one government hospital,
and one teaching institution. In Nigeria, Mozambique, and
Mali, skin biopsies are only performed in teaching hospitals
and rarely in private practice in Nigeria. Skin biopsies were
rarely done in the community in a few countries, where it
was more available in hospital settings.

Skin biopsy was publicly available and used occasionally in
Burkina Faso, Cameroon, Chad, Mauritania, Republic of Congo,
DRC, Egypt, Ethiopia, Ghana, and Tanzania, representing a
collective population of about 494 million people.

In eight countries, skin biopsy was publicly available but used
rarely in a few centers, for example, Angola, The Gambia, Mali,
Sierra Leone, Mozambique, Kenya, Botswana, and Eswatini;
private services offered this diagnostic procedure in Eswatini
and Kenya. So, about 151 million people have very limited
access to skin biopsy.

In Guinea, Guinea Bissau, Algeria, Libya, South Sudan,
Somalia, and Equatorial Guinea, the test was not publicly avail-
able or performed privately, with the exception of the State of
Puntland and Equatorial Guinea, where it was occasionally car-
ried out in the private sector. These territories have a total pop-
ulation of 89 million.

There were no data available for Zambia and Lesotho.

Direct microscopy of dermatological samples

In 20 countries, direct microscopy of skin, hair, and nail sam-
ples was rated as being carried out often in the public sector,
representing a population of 708 million people (Table 1, Fig-
ure 2). In 13 of these countries, it was also done often in the
private sector, and Namibia is the only country where it is often
available in the private sector but rarely performed in the public
health facilities. In only five countries was direct microscopy
available in the community (Algeria, Burundi, Nigeria, Rwanda,
and Somaliland) and in 13 only in district or regional hospitals.
In some countries where there were multiple responses, there
was variability in the stated testing frequency in different facili-
ties and regions.

In nine countries, direct microscopy for dermatological sam-
ples is occasionally carried out in the public sector (for a total
population of 208 million people). In 11 countries, occasional
direct microscopy was available in the private sector, and in
Angola, DRC, and Puntland, this was the most frequent means
of obtaining testing.

In contrast, direct microscopy for skin, hair, and nail samples
was rarely performed in nine countries (357 million population)
and in 10 countries was not performed at all in the public sector
(97 million people). In 20 countries, there was no service in the
private sector for direct microscopy.

International Journal of Dermatology 2023, 62, 1131-1141  © 2023 The Authors. International Journal of Dermatology published by Wiley Periodicals LLC
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Provision of skin biopsy

- No data

- Not publicly available / used rarely
Publicly available / used rarely
PSP Z, Privately available / used rarely
Publicly available / used occasionally
V.///) Privately available / used occasionally
- Publicly available / used often

m Privately available / used often
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Madagascar,

Mauritius @

Figure 1 Availability of skin biopsy in both public sector and private facilities in each country

Reasons given for not undertaking direct microscopy include
infrequent requests from clinicians or lack of trained personnel
and reagents. It is usual practice for patients to pay for the
analysis. In Ghana, as an example, direct microscopy of derma-
tological samples is a common procedure in most urban centers
due to the availability of KOH. Most rural laboratories lack KOH,
and the laboratory health professionals who are posted to these
areas are usually unfamiliar with the process. A similar com-
ment was made in Mauritius — samples are collected at smaller
centers, but microscopy takes place at the regional hospitals/
laboratories. In Morocco, most microscopy is performed only at
university hospitals. In Guinea Bissau, urine microscopy was
frequently done but no microscopy of skin, hair, or nails. In Zim-
babwe, most diagnoses are made clinically and patients treated
empirically.

Fungal culture

Fungal culture was publicly available and used often in 21 coun-
tries representing a population of 728 million (Table 1, Figure 3).
In 13 of these countries, fungal culture was rarely, occasionally,
or (in three countries) often done in district or regional hospitals.
Angola, Kenya, Eswatini, and Namibia offered a frequent or reg-
ular fungal culture service. In the private sector in Namibia,
Angola, Eswatini, and Kenya, fungal culture was privately avail-
able and used often. In Algeria, fungal culture is not available in
community centers or small cities. In Cameroon, superficial
samples only are cultured in Bangangté, but in Yaoundé (Level
2) all requests are processed. In The Gambia, fungal culture is
only available in the Medical Research Council laboratories. In
Togo, two laboratories offer fungal culture. In Niger and
Morocco, fungal culture is done at university centers. Aimost all

© 2023 The Authors. International Journal of Dermatology published by Wiley Periodicals LLC  International Journal of Dermatology 2023, 62, 1131-1141
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- No data

- Not publicly available / used rarely
Publicly available / used rarely

Privately available / used rarely
Publicly available / used occasionally

v/ / /A Privately available / used occasionally

I Fublicly available / used often

7Y Privately available / used often

Badiane et al.

Mauritius @

Figure 2 Direct microscopy of skin, hair, and nails in each African country, by frequency of testing and public and/or private sector

countries charge patients for diagnostic tests, including fungal
culture, with the notable exceptions of Algeria, Libya, South
Africa, Mauritius, and Malawi, with some subsidy provided by
nongovernmental and charitable hospitals.

In eight countries, Burundi, Cameroon, Chad, Republic of
Congo, DRC, Guinea Bissau, Madagascar, and Namibia, the
test was publicly available and used occasionally. These coun-
tries have a collective population of 199 million.

In Mauritania, Ghana, Sudan, Ethiopia, Kenya, Tanzania,
Gabon, Ethiopia, Malawi, Angola, and Eswatini, fungal culture
was publicly available but used rarely. These 10 countries have
a population of 368 million. Private services offered culture in
Kenya, Tanzania, and Angola. A lack of requests by clinicians
probably contributes to this in several countries, as mentioned
for DRC and Liberia. In Mauritania, no laboratory was set up to
do this.

Fungal culture was not publicly available in nine countries,
namely Guinea, Sierra Leone, Liberia, Equatorial Guinea, Eri-
trea, Libya, South Sudan, Somalia, and Zambia, but was pri-
vately available in Liberia. These countries have a total
population of 81 million people.

Histopathology

In 19 countries (population 664 million), histopathology was
publicly available and used often, and in 10, it was fre-
quently used in the private sector as well (Botswana, Egypt,
Mauritius, Morocco, Mozambique, Niger, South Africa, and
Zimbabwe as well as Kenya and Madagascar; Table 1, Fig-
ure 4). However, in Nigeria, only the university centers pro-
vided a histopathology service; it was rarely done in
regional or district hospitals and occasionally in private prac-
tice. In 13 countries, there was some provision (usually rare

International Journal of Dermatology 2023, 62, 1131-1141  © 2023 The Authors. International Journal of Dermatology published by Wiley Periodicals LLC
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Provision of fungal culture

No data

Not publicly available / used rarely
Publicly available / used rarely
Privately available / used rarely
Publicly available / used occasionally
Privately available / used occasionally
Publicly available / used often

NANI|

Privately available / used often
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Mauritius @

Figure 3 Availability and frequency of fungal culture in each African country with a population >1 million (except Lesotho) displayed by public

and private sector availability

or occasional) in district or referral hospitals separate from
university hospitals.

Histopathology was publicly available and used occasionally
in 12 countries, namely Algeria, Burkina Faso, Ghana, Camer-
oon, Gabon, Chad, Sudan, Ethiopia, DRC, Tanzania, Namibia,
and Eswatini. These countries have a population of 474 million.

In Senegal, Mauritania, Guinea, Togo, Angola, Kenya, Mada-
gascar, and Malawi, histopathology is publicly available but
used rarely (176 million people), although it was readily avail-
able privately in Kenya and Madagascar, and in Mauritania, at
least for skin biopsies.

There was a significant disparity between public and private
availability for histopathological examination of tissue. Nine
countries had no public histopathology service (population

© 2023 The Authors. International Journal of Dermatology published by Wiley Periodicals LLC

on behalf of the International Society of Dermatology.

56 million), but 25 countries offered no private histopathology
service. So, Libya, Guinea Bissau, Central Africa Republic, Eri-
trea, Sierra Leone, Somalia, and South Sudan had no histopa-
thology service at all, and Equatorial Guinea and Liberia had
only private histopathology services.

Diagnostic costs

The procedure cost for a skin biopsy varies from $3 to $150,
depending on the country; higher costs are seen in Nigeria and
Liberia and a low cost in Eritrea. Skin biopsy as a procedure is
rarely supported by government or national health service insur-
ance. Almost all countries charge patients for diagnostic tests,
including fungal culture, with the notable exceptions of Algeria,
Libya, South Africa, Mauritius, and Malawi, with some subsidy
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Provision of histopathology
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Figure 4 Histopathology services in 50 African countries, shown by frequency of analysis in the public and private sectors

provided by nongovernmental and charitable hospitals and in
some countries for some tests. Histopathology costs from $15
to $150, with high costs in Liberia and DRC.

Discussion

The objective of this study was to investigate the availability of
cutaneous fungal tests such as direct microscopy of skin, hair
and nails, fungal culture, skin biopsy, and histopathology in
Africa. Skin fungal infections are frequent globally.>® African
countries are no exception; however, due to a lack of accurate
clinical diagnosis and diagnostic tools the prevalence is mostly
not known. A program of estimating the incidence and preva-
lence of serious fungal diseases in each country (N > 80 coun-
tries) has routinely assessed tinea capitis because of its

potential for serious complications such as kerion, but in some
countries such as Algeria and Senegal more comprehensive
estimates have been done.'"® Most data published on fungal
skin diseases are on dermatophytosis,®>®'%2° and mycetoma,
which is reported in countries with desert or semidesert climates
such as Sudan, Mauritania, and Senegal.'®* Although derma-
tophytosis is among the most diagnosed skin fungal disease in
Africa, the numbers are underestimated*® for a variety of rea-
sons, including the limited availability of diagnostic tests. A strik-
ingly high frequency of onychomycosis in those with diabetes of
51% was recently described in Cameroon.?®

More serious are the implantation or subcutaneous endemic
mycoses in Africa, such as chromoblastomycosis, sporotricho-
sis, mycetoma, and histoplasmosis (including African histoplas-
mosis caused by H. capsulatum var. duboisii as well as
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systemic mycoses that can disseminate to the skin. Substantial
geographical variation in the frequency of these generally
neglected mycoses has been noted. Chromoblastomycosis
prevalence in northeastern Madagascar (1.47/100,000 persons)
was higher than in the south (0.8/100,000 persons), both proba-
bly much commoner than in other locations.?” Sporotrichosis
has been reported in miners in South Africa®® but is especially
common in the central highland of Madagascar where the prev-
alence was 0.21/100,000 inhabitants.?® Africa is crossed by the
mycetoma belt. The highest global number of cases has been
found in Sudan (at least 10,608), while Sudan’s neighbor Chad
and Egypt reported only 154 and 59 cases, respectively.?!%°
Senegal and Uganda reported their multiyear experience based
on pathological confirmation with 337 cases over 18 years with
regional variation in Senegal®® and 279 cases over 70 years in
Uganda.?® For many other countries, only individual cases were
reported, including Burundi and Namibia.?’

Skin biopsy is an essential procedure for the diagnosis of
many skin disorders, including skin cancer and subcutaneous
fungal infections such as chromoblastomycosis. Detailed guid-
ance on site selection, likely diagnosis, biopsy technique, and
sample handling are published®' but do not include examples of
likely deep fungal skin infection. Skin/tissue biopsy is also
required to diagnose secondary infections such as secondary
filamentous fungal infection of burns or ulcers. The indications
for and complementary testing of skin lesions of possible fungal
origin, including disseminated fungal infections, are outlined by
the Infectious Disease Society of America and American Soci-
ety of Microbiology.®? The most used test for diagnosing deep
cutaneous fungal infections is skin biopsy, which is available
mostly in public health facilities and often in the private sector
for a little more than a third of the countries. Skin biopsy
requires histopathological interpretation, and some countries
and cities lack histopathology services. Most histopathologists’
work is carried out in teaching hospitals and is concentrated in
capital cities; so, countries may have both equipped facilities
and well-trained personnel but these are often available in only
1 or 2 centers. It is likely that the frequency of skin biopsy is a
proxy indicator for the number of specialists in dermatology
(where there is also histopathology). Training, recruiting, and
retaining experienced dermatology specialists are clearly of
major importance in addressing current diagnostic gaps.'2

Generally, in Africa, fungal infection tests are more often
available in the public health service compared with private
facilities. Nearly half of the countries in Africa serving over
700 million people have at least some access to direct micros-
copy and fungal culture. The health system in Africa is generally
organized in a pyramidal fashion, consisting of dispensaries,
health huts, health posts, health centers, district and regional
hospitals, and university hospitals at the top level, where most
of the clinical, surgical, and biological specialties are generally
located.®® Clinicians and dermatologists are insufficient gener-
ally but especially in remote areas. So often the first diagnostics

© 2023 The Authors. International Journal of Dermatology published by Wiley Periodicals LLC
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steps in the clinical diagnosis of skin mycoses are difficult, even
before confirmation by mycology and other testing. Mobile
phone cameras combined with artificial intelligence software
could assist in providing guidance to nonspecialists, especially
when referral to a major hospital is impractical.

Most African countries lack specialists in the field of mycol-
ogy.®* The few specialists there tend to be employed in the
public sector and usually in universities, research centers, and
teaching hospitals. In some countries, such as Senegal and
other smaller countries, the facilities and well-trained personnel
are available but only in a few health facilities. As diagnostic
access appears better for skin fungal disease (and fungal dis-
ease generally) in the public sector, at least in cities and univer-
sity hospitals, building on these strengths is critical. Barriers
remain however in well-appointed public sector facilities
because of procurement delays, other bureaucracy, and limited
funds. In many African countries, it is common that the same
laboratory specialists perform both public and private activities.
In some places, diagnostic interventional procedures (such as
skin biopsy) that cannot be done in public healthcare facilities
are transferred to the private sector.

Histopathology and mycology are the most neglected labora-
tory specialties in African countries. Histopathology is performed
mostly in public health facilities where most specialists work. Not
many histopathologists work in Africa; for example, in Tanzania
there are only 15 pathologists for the entire country, a situation
common in the African continent, although there is now a growing
African dermatopathology special interest group. Direct micros-
copy is the most easily available test in these countries and is
mainly used in public facilities. The reason may be the simplicity
of the test which does not require a lot of equipment and
reagents but sufficient training to identify yeasts and fungal
hyphae. In addition, direct microscopy is also used to diagnose
other neglected tropical diseases (NTDs) such as leprosy and
leishmaniasis, so there is an opportunity for integration of diag-
nostic methods. Likewise, fungal culture is also widely available in
most of Africa, but in most countries the culture is only performed
for superficial samples in university centers or regional hospitals.

The lack of many diagnostic tests in most African countries
also means that reagent distributors do not have reagents avail-
able in the country because demand is low. This becomes a
vicious cycle because demand stays low because of lack of
availability. When diagnostic kits and reagents are purchased,
they are often expensive and the delivery time is long. Even
simple reagents such as stains or dyes are difficult to obtain in
many developing countries. Many laboratories performing these
tests struggle with costs and continuous availability.

Direct microscopy, histopathology, and fungal identification
are all skilled procedures. The number of specialists that can
perform these tests is limited in all African countries, which in
turn limits the number of laboratories both able and willing to
offer these tests. Therefore, clinicians often treat cutaneous
fungal clinical appearance and

infections based on
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symptomatology, which can lead to inappropriate treatment,
poor response rates, and complications. For example, it may
encourage the use of readily available topical combinations of
strong corticosteroids with topical antibiotics and antifungals as
a “catch-all” treatment for skin conditions, which can often be
purchased without prescription or monitoring. This ready avail-
ability of topical antifungal preparations has contributed to the
growth of terbinafine-resistant T. indotineae in India.3®

The incidence of antifungal drug resistance is increasing for
most fungi, including dermatophytes.®®*” Addressing this grow-
ing problem will require a combination of clinical expertise,
laboratories able to culture and identify fungi, including dermato-
phytes, and the first introduction of dermatophyte susceptibility
testing.®® These specialized healthcare elements will require
public health coordination and data dissemination.

The data presented here were obtained through a question-
naire addressed to specialists in each country. The limitations
of this study include (1) the exclusion of countries with a popu-
lation of <1 million and (2) the partial nature of the information
obtained for some countries where the information was obtained
only for the localities where the respondent practiced rather
than the whole country, although this was actively addressed
via additional validation with country leaders through Africa
CDC. The emergence of terbinafine resistance in Trichophyton
species may require dermatophyte susceptibility testing in at
least some facilities, a question that was not addressed in the
survey. Inevitably, the full picture regarding diagnostic access
needs to be documented in each country, especially in larger
countries with a diverse and complex healthcare ecosystem.
The WHO's efforts to address skin-related NTDs should contrib-
ute to improved diagnostic capability.>® One of the challenges
set out in this framework document, in addition to the need for
enhanced diagnostic facilities and training, is how best to utilize
the expertise of the small number of local experts and laborato-
ries to maximum effect.
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