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RESUMO
Introdugdo: As doencgas fungicas representam um desafio diagnodstico e
terapéutico, especialmente em paises em desenvolvimento. A epidemiologia das
infecgbes fungicas foi descrita em muitos paises do continente africano e do leste
europeu, mas a disponibilidade de drogas antifungicas e ferramentas
diagnosticas em micologia médica nessas regides era desconhecida. Objetivos:
Descrever a capacidade diagnostica e terapéutica no tratamento de pessoas
com infecgdes fungicas no continente africano e no leste europeu e analisar cada
um dos centros respondedores, classificando-os de acordo com a European
Confederation of Medical Mycology Excellence Centre Initiative, principalmente
sobre o potencial de atingir ou ndo o estagio minimo da classificagdo, chamado
Blue Status. Materiais e Métodos: Foi realizada uma pesquisa online através da
plataforma clincalsurveys.com destinada a profissionais e a pesquisadores do
continente africano e do leste europeu, com perguntas especificas sobre as
caracteristicas do servico de saude, perfil de pacientes atendidos e a
disponibilidade de drogas e testes diagndsticos para doengas fungicas. As
respostas foram analisadas utilizando o software SPSS 27. Resultados: Em
relagdo ao continente africano, recebemos 40 respostas provenientes de 21
paises diferentes. Apenas cinco instituicdes (12,5%) localizadas em Camardes,
Quénia, Nigéria, Suddo e Uganda potencialmente preenchiam os requisitos
minimos para o Blue Status. Testes de suscetibilidade estavam disponiveis em
30% das instituicbes e detecgédo de antigeno de Aspergillus spp. em 47,5%. O
acesso a medicamentos como voriconazol e posaconazol (disponivel para
35,0% e 5,0% das institui¢cdes, respectivamente) foi muito limitado. Em relag&o

ao leste europeu, 31 instituicbes responderam ao questionario. Dessas, 48,4%



potencialmente preenchiam os requisitos minimos para o Blue Status e estavam
localizadas na Russia, Grécia, Croacia, Republica Tcheca, Hungria, Sérvia,
Eslovaquia e Eslovénia. Testes soroldgicos estavam disponiveis principalmente
para espécies de Aspergillus (80,6%). Flucitosina estava disponivel para apenas
29% dos centros participantes. Conclusao: As regides tem enormes lacunas no
acesso a diagnosticos e a tratamentos em doengas fungicas. Esforgos unidos e
direcionados sao mandatérios para enfrentar os crescentes desafios da
micologia médica e melhorar ainda mais os recursos de diagnodstico e
tratamento. Palavras-chave: infecgbes fungicas, micologia, diagndstico,

laboratorio, antifungicos, acesso.



ABSTRACT
Introduction: Fungal infections still pose a diagnostic and therapeutical
challenge, mainly at low-and-middle-income countries. Epidemiology of these
infections has been described in many countries of the Eastern Europe and the
African Continent, but availability of antifungal drugs and diagnostic tools in
Medical Mycology was unknow. Aim of study: Describe diagnostic and
therapeutical capabilities in fungal infections in the African Continent and the
Eastern Europe and classify which one of the responders according to the
European Confederation of Medical Mycology Excellence Centre Initiative,
considering if they potentially fulfill the criteria for Blue Status (initial stage).
Materials and methods: We developed an online survey at clincalsurveys.com
addressed to health professionals and researchers from the African Continent
and the Eastern Europe, asking specifically about the institution services, the
patients’ profile and the availability of antifungal drugs and diagnostic tests to
fungal infections. Answers were analyzed with the software SPSS 27. Results:
We have received 40 answers from the African Continent, from 21 countries. Only
five institutions (12,5%) located in Cameroon, Kenya, Nigeria, Sudan and
Uganda potentially fulfill the minimum requirements for Blue Status. susceptibility
tests were available in 30% of institutions and antigen detection for Aspergillus
spp. in 47,5%. Access to antifungal drugs such as Voriconazole and
Posaconazole (available to 35,0% and 5,0% of institutions, respectively) was very
low. Considering Eastern Europe, 31 institutions answered our survey. 48,4%
potentially fulfill the minimum requirements for Blue Status and were located in
Russia, Greece, Croatia, Czech Republic, Hungry, Serbia, Slovakia and

Slovenia. Serological testing was available mainly for Aspergillus (80,6%).



Flucytosine was available for only 29% of responders. Conclusion: Both regions
have huge gaps in the diagnostic and therapeutical capabilities in fungal
infections. United and targeted efforts are mandatory to face the growing
challenges in medical mycology and to further improve diagnostic and treatment
resources. Keywords: Fungal infections, mycology, diagnosis, laboratory,

antifungal, access.



LISTA DE ABREVIATURAS
AIDS: Acquired Immunodeficiency Syndrome (sindrome da imunodeficiéncia
adquirida).
ASM: American Society for Microbiology (Sociedade Americana de
Microbiologia).
ECMM: The European Confederation of Medical Mycology (Confederacéo
Europeia de Micologia Médica).
GAFFI: Global Action Fund for Fungal Infections (Fundo de Agédo Global para
Infecgbes Fungicas).
HIV: Human Immunodeficiency Virus (virus da imunodeficiéncia humana).
ISHAM: International Society for Human and Animal Medical Mycology
(Sociedade Internacional de Micologia Médica Humana e Animal).
MALDI-ToF: Matrix-Assisted Laser Desorption/lonization-Time of Flight.
OMS: Organizacdo Mundial de Saude
PAMWG: The Pan-African Mycology Working Group (Grupo de Trabalho Pan-
Africano de Micologia).
PIB: Produto Interno Bruto

TDM: Therapeutic Drug Monitoring (monitorizagéo terapéutica de drogas).
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1.REFERENCIAL TEORICO

1.1 Introducgao
As infecgdes fungicas, a despeito de importantes avangos na micologia médica,
ainda constituem um importante desafio global. Segundo informagdes
divulgadas pelo GAFFI (Global Action Fund for Fungal Infections - Fundo de
Acao Global para Infecgdes Fungicas), existem no mundo quase um bilhdo de
pessoas com micoses superficiais (acometendo pele e faneros) e cerca de 1.5
milhdo de pessoas com infecgbes fungicas invasivas, colocando-se em quarto
lugar entre as causas gerais de infecgdes(). Soma-se a grande prevaléncia
destas infec¢gdes o variado espectro clinico, que pode variar entre casos leves,
graves e fatais@.

Os fatores de risco para as infecgbes fungicas sdo variados e
classicamente associados a imunossupressao, como infecgao pelo HIV ((Human
Immunodeficiency Virus - virus da imunodeficiéncia humana) e uso prolongado
de corticosteroides; novos tratamentos médicos, no entanto, especialmente para
doencas autoimunes e neoplasias, vem aumentando o numero de pacientes em
risco para contrair essas infecgbes®. Em relagdo as pessoas vivendo com
HIV/AIDS  (Acquired Immunodeficiency  Syndrome - sindrome da
imunodeficiéncia adquirida), as doengas fungicas podem ser responsaveis por
até 50% das causas de mortalidade, podendo-se ressaltar a histoplasmose, a
pneumonia por Pneumocystis jirovecii e a meningite criptocdcica ).

Embora tenhamos estudos a respeito da epidemiologia das infecgbes
fungicas, ndo ha dados suficientes sobre a disponibilidade de ferramentas
diagnosticas ou de medicagdes para o tratamento, fazendo com que muitas

dessas doengas sejam negligenciadas e subestimadas®. Mesmo quando
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disponivel no pais, o alto pregco de drogas € um limitador importante no acesso
ao tratamento mais adequado e eficaz®). Segundo estudo realizado pelo GAFFI
entre 2016 e 2019, a droga Flucitosina, considerada essencial pela OMS
(Organizagdo Mundial de Saude)”), ndo esta disponivel em diversos paises,
como mostra o mapa abaixo. Além disso, o preco diario de tratamento pode

variar entre USD$ 4,8 e USD$ 1844,25 (©.9),

. Available unavailable unknown
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Y

15 map by amCharts

Figura 1: Disponibilidade de Flucitosina no mundo

Fonte: https://antifungalsavailability.org/maps/map/flucytosine ®

1.2 Paises em Desenvolvimento
Paises em desenvolvimento podem ser definidos como aqueles que

apresentam processos mais recentes de industrializagao e PIBs (Produto Interno
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Bruto) per capita menores em relagdo aos paises desenvolvidos. Embora ndo
exista um consenso absoluto em relagao a esse conceito, consideramos “paises
em desenvolvimento” economias emergentes e em desenvolvimento com PIB
baixo ou médio conforme definicdo do Fundo Monetario Internacional9).

A despeito dos diferentes processos historicos e caracteristicas
socioeconOmicas desses paises, inequidades nos sistemas de saude séao
observadas em diferentes niveis entre eles, como falta de recursos diagndésticos
e terapéuticos para determinadas doencgas. Nesse sentido, embora tais paises
concentrem o maior numero de pessoas com doengas fungicas negligenciadas,
€ também neles onde ha maior dificuldade em obter-se dados de vida real sobre
a carga-de-doencga e impacto das doengas fungicas nos sistemas de saude e na
populagao',

Assim, os debates sobre Cobertura Universal de Saude e mais
recentemente a pandemia de COVID19 reforgaram a importancia da discussao
sobre alocacgao racional de recursos em saude publica nestes paises, a fim de

superar essas dificuldades historicas no acesso a saude(12.13)-

1.2.1 Continente Africano

A Africa é o terceiro continente mais extenso do mundo, com
aproximadamente 30 milhdes de quilémetros quadrados. E o segundo continente
mais povoado, com mais de um bilhdo de pessoas, representando cerca de um
sétimo da populagdo mundial. Dividido em 5 regides — setentrional, ocidental,
central, oriental e meridional/austral, possui 54 paises independentes. Embora o
continente africano tenha cerca de um quinto da populagcdo mundial e reuna

diferentes fatores de risco para doengas fungicas, com alta carga de doenga
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relacionada as micoses invasivas, nenhum estudo neste escopo havia sido feito
sobre a Africa até ent&o(14-22),

O continente € marcado por desigualdades sociais e de saude, e muitos
paises possuem sistemas de saude mal financiados e sobrecarregados(?®).
Soma-se a isso grande parte da populacgdo residindo em areas rurais, estando
expostas a fatores ambientais que aumentam o risco de doencgas fungicas®®?.
Ademais, a Africa tem a maior populacdo absoluta vivendo com HIV/AIDS e
tuberculose, que s&o alguns dos principais fatores de risco para infecgbes
fingicas(®).

E importante ressaltar que em muitas doencas fungicas a identificacéo da
espécie e a escolha adequada da droga sao cruciais para o sucesso terapéutico.
Um exemplo é Candida auris, que foi identificada no continente em 2009 na
Africa do Sul e recentemente no Quénia?2”), As dificuldades do continente
também incluem a auséncia de um sistema de vigilancia para infecgdes fungicas,
com excecdo da Africa do Sul. Este pais é também o Gnico no continente africano
com um laboratério nacional de referéncia em micologia?®. Além dos desafios
que o continente ja vinha historicamente enfrentando, o cenario piorou ainda
mais com a pandemia de COVID-19(2829),

Esforgos vem sendo feitos ao longo dos anos ndo s6 no sentido de
documentar as peculiaridades do continente, mas também de completar lacunas,
engajar especialistas e propor alternativas. Um dos exemplos é o da Nigéria e
da organizagdo dos micologistas no pais para pautar o debate das infec¢des
fungicas a partir da perspectiva dos paises ndo-desenvolvidos®?. Ainda neste
sentido, foi criado o PAMWG (The Pan-African Mycology Working Group - Grupo

de Trabalho Pan-Africano de Micologia) da ISHAM (International Society for
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Human and Animal Medical Mycology - Sociedade Internacional de Micologia
Médica Humana e Animal), grupo de trabalho transdisciplinar que visa melhorar
a interagdo entre os lideres regionais, promover a criagdo de programas
educacionais de capacitagcao e de diretrizes clinicas e apoiar o estabelecimento
de Laboratorios de Referéncia em Micologia®?®). Além desses, detalhamos mais
abaixo os esforgos relacionados a ECMM (The European Confederation of
Medical Mycology - Confederagao Europeia de Micologia Médica).

Apos a realizacao e publicagdo do nosso trabalho, GAFFI realizou uma
pesquisa em todo o continente africano a respeito da capacidade diagndstica em
micologia no continente, com dados de 48 paises®!. Além dos recursos
diagnodsticos em doengas fungicas, também foi abordado, através de um
questionario, a capacidade de exames de linfocitos T CD4, exames de imagem
e biossegurancga nos laboratorios.

Alguns dos principais achados desse estudo sdo que o 6nus financeiro do
diagnostico geralmente recai diretamente sobre os pacientes e familiares, com
poucos paises tendo programas especificos para o tratamento de doengas
fungicas. Os autores também ressaltam a dificuldade de incorporagéo de testes

rapidos de ultima geragcdo em todo o continente.

1.2.2 Leste Europeu

Embora o continente Europeu seja associado a paises com alto nivel de
desenvolvimento, diferentes processos historicos na regido influenciaram a
existéncia de disparidades entre os sistemas de saude e 0 acesso aos mais
recentes avangos tecnoldgicos entre esses paises. Apesar de as Nag¢des Unidas

dividirem o continente europeu em cinco regides, uma divisdo em Europa



18

Oriental (leste) e Ocidental (oeste) ainda pode ser usada hoje, considerando
caracteristicas geopoliticas, histéricas e culturais('%32. As desigualdades na
Europa podem resultar em diferengas em termos de acesso a medicamentos e
capacidade de diagndstico em micologia médica (3334,

O continente europeu nao € o primeiro a ser pensado quando se discute
a carga relacionada as doencgas fungicas. Entretanto, processos migratorios,
viagens e o aumento da populagdo imunocomprometida com o avango das
terapias oncologicas, por exemplo, mantém a carga de doencas fungicas
invasivas neste continente(®35-42),

Os dados da vida real sobre a capacidade dos centros médicos de realizar
tais atividades ainda ndo haviam sido estudados no continente. Apds a
publicacdo do nosso trabalho sobre o leste europeu, Salmanton-Garcia et al
publicaram um estudo abrangendo todo o continente europeu, com 388
respostas de 45 paises diferentes“®). Os achados deste estudo foram
comparados entre os paises de acordo com o seu PIB per capita, dividido em
trés categorias <US$30 000 (n=54), US$30 000-$45 000 (n=167) e >US$45 000
(n=167). O estudo demonstrou uma relagéo diretamente proporcional entre o PIB
per capita dos paises estudados e a capacidade diagndstica dos paises. Uma
limitacdo ndo observada pelos autores, no entanto, é que o PIB per capita usado
isoladamente desconsidera as desigualdades sociais e econdmicas dentro de
cada pais, ndo sendo o mais indicado para medir qualidade de vida, crescimento
econdmico ou nivel de desenvolvimento, principalmente ao considerarmos os
processos histéricos do continente4),

Ao mesmo tempo, esses achados vao ao encontro do que demonstramos

em nossa pesquisa, em que paises expostos com os maiores fatores de risco
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para doengas fungicas sdo muitas vezes aqueles com menores recursos

diagnosticos e terapéuticos para essas doengas.

1.2.3 Outros Continentes
1.2.3.1 América Latina

Em nosso meio, Pasqualotto e Falci realizaram um estudo explorando os
desafios pertinentes a América Latina no que se refere as ferramentas para o
manejo destas doengas, evidenciando algumas disparidades regionais. O Brasil,
por exemplo, teve significativamente menos acesso a testes de suscetibilidade
e a antifungicos, quando comparado aos demais paises respondedores. Por
outro lado, o Brasil concentrou a maioria das instituicdes de nivel superior, com
acesso a tecnologias modernas como MALDI-ToF (Matrix-Assisted Laser
Desorption/lonization-Time of Flight) e sequenciamento de DNA fungico. Outra
limitacdo regional foi o acesso a testes de suscetibilidade, realidade
especialmente preocupante no atual cenario de resisténcia aos antifungicos. O
acesso a antifungicos na América Latina esta sintetizado na tabela abaixo, na
qual evidencia-se a baixa disponibilidade de drogas consideradas essenciais

pela OMS, como a Flucitosina e Anfotericina B(74%):

Tabela 1: Acesso a antifungicos em paises da América Latina incluindo o Brasil

e somente no Brasil.
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Antifdngico TZ;";I’”'; a (2‘2622‘)’8 Brasil (n=94)

Fluconazol 121 (98%) 92 (98%)

Itraconazol 88 (71%) 65 (69%)

Voriconazol 68 (55%) 44 (47%)
Posaconazole 26 (21%) 13 (14%)
Isavuconazole 1 (1%) 0 (0%)
Anfotericina B 89 (72%) 68 (72%)
desoxicolato
Anfotericina B 60 (49%) 40 (43%)

Lipossomal

Outras

formulacdes 52 (42%) 43 (46%)

lipidicas de
anfotericina B

(o)
Micafungina 51 (41%) 45 (48%)
(o)

Anidulafungina 39 (32%) 30 (32%)
Caspofungina 37 (30%) 15 (16%)

Flucitosina 10/55 (18%) 7/40 (18%)

Fonte: adaptada de Falci®*®)

Segundo Falci e Pasqualotto, o acesso a TDM (Therapeutic Drug
Monitoring - monitorizacdo terapéutica de drogas) é bastante restrito no
continente, disponivel para voriconazol em 16% dos laboratérios, seguido de
itraconazol (10%) e posaconazol (4%). Ao mesmo tempo, um numero bastante
superior afirmou ter acesso a essas drogas, como ilustrado na tabela acima. A
impossibilidade de TDM pode levar a piores desfechos, com piores efeitos
adversos relacionados a toxicidade, além de dificultar o uso racional destas
drogas, 0 que seria ainda mais necessario em cenarios com recursos
reduzidos®d).

Em relacdo a micoses negligenciadas, a histoplasmose e a
paracoccidioidomicose sao as mais relevantes no continente, estando entre
principais causas de morte por doencas infecciosas e parasitarias. A

variabilidade de sintomas, baixo indice de suspeigao entre profissionais da
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saude e a alta prevaléncia de tuberculose no continente sao fatores de confusao
para o diagnostico precoce, evidenciando a importancia da disponibilidade de
testes diagndsticos especificos!'146). E importante ressaltar que, a despeito da
relevancia epidemioldgica, principalmente para populagdes vivendo em areas
tropicais, a maioria das micoses sistémicas ainda n&o sdo consideradas como

doencgas negligenciadas pela OMS.

1.2.3.2 Asia

No continente asiatico, Chindamporn et al conduziu um estudo similar,
com 241 respostas de sete paises: China (71), india (104), Indonésia (11),
Filipinas (26), Cingapura (4), Taiwan (18) e Tailandia (7). Os autores destacam
que embora microscopia e cultura sejam amplamente disponiveis, ha
praticamente nenhum acesso a métodos avangados de diagnéstico como PCR,
galactomanana e B-D-glucana nos laboratorios respondedores da Indonésia,
Filipinas e Tailandia. Ademais, TDM é realizado em apenas 21 laboratorios.

No continente asiatico, ha uma urgente necessidade de desenvolvimento
de infraestrutura, treinamento de profissionais e acesso a testes avancados nao

baseados em cultura para melhor manejo das infecgdes flingicas ¢#7:48),

1.3 ECMM

Esta confederacao europeia tem sido uma voz atuante no enfrentamento
as inequidades em relagédo as doengas fungicas. A ECMM tem como principais
objetivos melhorar o diagnostico, tratamento, resultado e sobrevivéncia de
pessoas com doengas fungicas invasivas. Algumas de suas frentes de atuagao

incluem a criacédo de guidelines, inclusive em parceria com a ISHAM e a ASM
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(American Society for Microbiology - Sociedade Americana de Microbiologia)
para o enfretamento de infecgbes fungicas, levando em consideragdo que a
maioria dos documentos ja existentes ndo consegue fornecer orientagdes
voltadas a paises em desenvolvimento®®-5"). Além disso, preocupam-se em
estabelecer networking e apoio mutuo entre os pesquisadores ao redor do globo,
reconhecendo individualmente aqueles de maior relevancia na producao
cientifica mundial e também os centros mais capacitados(®?).

Uma das iniciativas da ECMM é o Excellence Centre, que busca atestar
0s centros de exceléncia no manejo de micoses invasivas e coloca-los como
referéncia para outros centros. De acordo com uma auditoria baseada nas
melhores praticas disponiveis para o diagnostico e tratamento de doengas
fungicas, os centros podem ser classificados em Blue Status, Silver, Gold ou
Diamond, em ordem crescente de adequacao aos critérios clinicos, laboratoriais
e educacionais®?).

A classificagdo inicial, chamada Blue Status, possui critérios clinicos e
laboratoriais. Os critérios laboratoriais consistem em:

1) Identificagdo de espécies fungicas de importancia médica;

2) Realizar testes de suscetibilidade de acordo com procedimentos-
padrao;

3) Realizar antigeno ELISA para Aspergillus ou ensaio equivalente;

4) Possuir teste de antigeno criptococico.

Ja os critérios clinicos dependem, em parte, do tipo de paciente atendido
pela instituicdo e incluem acesso a tomografia computadorizada ou ressonéancia
magnética em pacientes imunossuprimidos com suspeita de pneumonia ou

neuroinfeccdo; acesso a broncoscopia e obtengao de lavado broncoalveolar;
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acesso a azois, anfotericina B e equinocandinas, acesso a cirurgia quando

apropriado e acesso a Unidade de Terapia Intensiva conforme necessidade. (2
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3. OBJETIVOS

Geral:

Determinar e avaliar a capacidade diagnéstica e terapéutica quanto a
infeccbes fungicas invasivas em paises em desenvolvimento no continente
africano e no leste europeu.

Especificos:

a) Avaliar os métodos laboratoriais usados para diagnostico das
infeccdes fungicas nestes paises;

b) Avaliar o acesso as terapias antifungicas nestes paises;

c) Classificar os laboratérios de micologia destes paises conforme as

definigdes da Confederagao Europeia de Micologia Médica (ECMM).
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The current state of clinical mycology in Africa: a European
Confederation of Medical Mycology and International
Society for Human and Animal Mycology survey

Candida Driemeyer, Diego R Falci, Rita O Oladele, Felix Bongomin, Bright K Ocansey, Nelesh P Govender, Martin Hoenigl, Jean Pierre Gangneux,
Cornelia Lass-Florl, Oliver A Cornely, Alexandre Alanio, Jesus Guinea, C Orla Morrissey, Riina Rautemaa-Richardson, Arunaloke Chakrabarti,

Jacques F Meis, Caroline Bruns, Jannik Stemler, Alessandro C Pasqualotto

Africa, although not unique in this context, is a favourable environment for fungal infections, given the high burden
of risk factors. An online survey was developed asking about laboratory infrastructure and antifungal drug availability.
We received 40 responses (24-4% response rate) of 164 researchers contacted from 21 African countries. Only five
institutions (12- 5%) of 40 located in Cameroon, Kenya, Nigeria, Sudan, and Uganda potentially fulfilled the minimum
laboratory requirements for European Confederation of Medical Mycology Excellence Centre blue status. Difficulties
included low access to susceptibility testing for both yeasts and moulds (available in only 30% of institutions) and
Aspergillus spp antigen detection (available in only 47 -5% of institutions as an in-house or outsourced test), as well as
access to mould-active antifungal drugs such as amphotericin B deoxycholate (available for 52-5% of institutions),
itraconazole (52-5%), voriconazole (35-0%), and posaconazole (5-0%). United and targeted efforts are crucial to face

the growing challenges in clinical mycology.

Introduction

Approximately a fifth of the world’s people live in Africa,
a continent with a propitious environment for fungal
infections. The continent is marked by social and health
inequalities, with a national health insurance scheme
absent in most countries. Additionally, a large proportion
of its population live in rural settings and are exposed to
environmental factors that increase the risk for fungal
diseases.! Africa has the largest population living with
HIV, AIDS, and tuberculosis globally, which are major
risk factors for fungal infections.* Meanwhile, access to
treatment for these three conditions is still low in many
countries, and has become even worse with the COVID-19
pandemic.*® This problem is mainly attributed to poorly
funded and overburdened health systems in many
African countries;” thus dealing with the probably high
burden of fungal infections is a challenge.

Despite the global importance of supetficial and invasive
mycoses, there is still little information regarding the
epidemiology of fungal infections in some areas of the
world, including in Africa.” Medical mycology has made
important advances, but non-specific signs and symptoms
and the rapid progression of fungal disease in immuno-
compromised patients continue to present a challenge to
clinicians and laboratories.” Notable limitations include
few resources and investments in clinical mycology and
diagnostic resources, as well as difficulties in accessing
antifungal therapy. A poor awareness of fungal diseases
among health-care professionals and policy makers, as
well as the unaffordability of, toxicity of, and little access to
antifungal treatment options are some of the challenges
facing the continent." "

With few exceptions (such as testing for cryptococcal
antigen), advances within the past 5 years in non-culture-
based diagnostics have not reached most low-income
and middle-income countries (LMICs). Therefore, it is

necessary to assess the present status of the diagnosis of
fungal infections in these regions to guide health
professionals, patients, and policy makers.? Africa has
not yet been comprehensively evaluated for its capability
to diagnose and treat fungal diseases. These studies
are important not only for epidemiological purposes,
but also to guide the appropriate implementation of
preventive, diagnostic, and therapeutic measures in
medical mycology. Hence, under the umbrella of the
European Confederation of Medical Mycology (ECMM)
and the International Society for Human and Animal
Mycology (ISHAM), we surveyed African institutions to
obtain an overview of the current state of mycological
laboratory capacities and availability of antifungal
treatment in the field of invasive fungal diseases.

Procedure

We designed a cross-sectional survey with 29 questions
(appendix pp 1-7) about the profile and size of
institutions, antifungal drug availability, laboratory
infrastructure, and methods used to identify pathogens
and antifungal susceptibility, as well as antigen detection
and molecular tests. The survey was open from
June 1, 2019, to May 31, 2020, and was released online on
the ISHAM and ECMM websites and sent out to their
members based in Africa. We contacted 164 African
researchers directly by email based on their email
address from PubMed publications. Reminders were
sent to the authors in cases of non-response.

The institutions were classified according to whether
the laboratories potentially met the ECMM criteria for
blue, silver, gold, or diamond status, or did not meet the
criteria. The minimal requirements for the blue status
are the identification of relevant yeasts and moulds,
susceptibility testing on yeasts and moulds according to
standard procedures, and the performance of antigen
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Figure 1: Location of African institutions participating in this survey
Key indicates the number of institutions that responded in each country.

ELISA for Aspergillus spp (galactomannan) and crypto-
coccal antigen. The criteria used for the classification
of mycology centres are not restricted to the laboratory,
but also consider the clinical and epidemiological
dimensions, involvement in clinical trials, and in part
depend on the type of patients cared for (appendix p 8)."
This classification procedure was not an accreditation
visit or round organised by the ECMM. Instead, we only
checked the level at which centres were likely to be
accredited if they had formally applied.

Findings

We received 40 responses (24-4% response rate) of the
164 researchers contacted, encompassing 40 different
institutions from 21 different countries with all African
sub-regions represented (figure 1). Countries with
researchers that responded were South Africa (n=8),
Nigeria (n=5), Cameroon (n=4), Madagascar (n=3),
Uganda (n=3), Malawi (n=2), Algeria (n=1), Botswana
(n=1), Burkina Faso (n=1), Democratic Republic of the
Congo (n=1), Egypt (n=1), Ethiopia (n=1), Ghana (n=1),
Kenya (n=1), Mauritania (n=1), Mauritius (n=1), Namibia
(n=1), Senegal (n=1), Sudan (n=1), Togo (n=1), and
Tanzania (n=1). Our survey was answered by laboratory
professionals (n=22), professors (n=11), attending
physicians (n=4), infection control practitioners (n=1), and
other professionals who did not fit any of these categories
(n=2).

Among responders, 29 (72-5%) were from university
hospitals or national institutes of research, seven (17-5%)
were from public hospitals not related to universities,
two (5%) were private hospitals not related to uni-
versities, and one (2-5%) was an oncology clinic. One

institution (2-5%) was an independent laboratory that
served both private and public hospitals. The number of
beds per institution ranged from 10 to 2880 (median,
300 beds), the number of adult intensive care unit beds
ranged from 6 to 125 (median, 19 beds), and the number
of paediatric and neonatal intensive care unit beds
ranged from 4 to 300 (median, 20 beds).

Institutions served patients living with HIV or AIDS
(n=38 [95-0%)]), patients with oncological (n=33 [82-5%)])
and haematological malignancies (n=35 [87-5%)),
patients requiring parenteral nutrition (n=24 [60-0%)]),
and patients who had received a solid organ trans-
plantation (n=6 [15-0%]) or a haematopoietic stem-cell
transplantation (n=4 [10-0%)]).

Nearly all institutions (n=39 [97-5%)]) reported having
a microbiology laboratory in place, although one
institution outsourced general laboratory services.
Focusing specifically on mycological diagnostic tools,
three (7-5%) institutions reported no access at all to
such services, 14 (35-0%) performed some tests
within the institution and outsourced some tests to
other laboratories, and 23 (57-5%) always perfomed the
tests within the institution.

When asked about the most relevant fungi affecting
patients in their institutions, most responses were:
Candida spp (n=34[85-0%]), followed by Cryptococcus spp
(n=22 [55-0%]), Aspergillus spp (n=16 [40-0%)), Fusarium
spp (n=8 [20-0%)]), Histoplasma spp (n=5 [12-5%)]), and
Mucorales (n=4[10-0%]).

When a fungal infection was suspected, 21 (52-5%)
institutions reported always performing direct microscopy
on clinical specimens, five (12-5%) reported performing
it most of the time, seven (17- 5%) reported performing it
half of the time, five (12-5%) reported performing it
rarely, and two (5-0%) reported that direct microscopy
was never performed. Although 34 (85-0%) used
microscopy to diagnose cryptococcosis, only eight (20 -0%)
performed a silver stain when pneumocystosis was
suspected. Access to fluorescent dyes was also restricted,
being available in only nine (22-5%) institutions. India or
China ink was available for 31 (77-5%) institutions,
followed by potassium hydroxide (n=28 [70-0%)]), silver
stain (n=28 [70-0%]), Giemsa stain (n=22 [55-0%]), and
calcofluor white (n=4 [10-0%)]).

To identify fungi at the species level, biochemical tests
were the most commonly used tools, in 28 (70%)
institutions. Automated identification by a VITEK system
(an automated system for antibiotic susceptibility testing
and microbiology identification; bioMérieux, Marcy-
I'Ftoile, France) or other commercial methods were
accessible in 18 (45-0%) institutions, followed by mounting
medium (n=11 [27-5%)]), Matrix-Assisted Laser Desorption
or Ionization-Time of Flight (MALDI-ToF; n=7 [17-5%]),
and DNA sequencing (n=8 [20-0%]). Automated blood
culture monitoring was available for 19 institutions (47 - 5%).

Susceptibility testing was available for 25 (62-5%)
participants, but only in 12 (30%) institutions was access
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for Histoplasma spp at an outsourced laboratory.

The availability of antigen detection tests was low in
the study, as illustrated in figure 2. Regarding
Histoplasma species, only two (5-0%) centres indicated
access to in-house antigen testing, even though
12 (30-0%) had access through an outsourced laboratory.
Cryptococcus lateral flow assay was available for
24 (60-0%) institutions, three of which were exclusively
through an outsourced laboratory, whereas Cryptococcus
latex testing was performed in 16 (40-0%) institutions,
and another two (5-0%) had access to the test through
an outsourced laboratory. Aspergillus antigen detection
(by galactomannan enzyme immunoassay, lateral flow
assay, or lateral flow device) was available for 11 (27-5%)
institutions locally and for eight (20-0%) exclusively
through an outsourced laboratory. 16 (40-0%) of all
institutions that answered the survey did not have access
to antigen testing even through outsourced laboratories.

Access to fungal molecular diagnostics was even more
restricted, as shown in table 1. For example, in-house
molecular tests for Pneumocystis spp were available for
seven (17-5%) institutions, and six (15-0%) had access to
these methods through an outsourced laboratory.

Only five (12-5%) institutions fulfilled the minimum
laboratory requirements for blue status according to
ECMM criteria. These five institutions were located
in Cameroon, Kenya, Nigeria, Sudan, and Uganda.
Seven (17-5%) other institutions fulfilled three of four
blue status criteria, whereas 16 (40%) fulfilled two,
11 (27-5%) institutions fulfilled one criterion, and only
one (2-5%) institution did not fulfil any of the criteria.
Although South Africa is the only African country with a
surveillance system for fungal infections and a national
mycology reference laboratory,® none of the responders
from this country performed an antigen ELISA for
Aspergillus spp or equivalent assays instead.

The availability of antifungal therapy in Africa is
detailed in table 2. Therapeutic drug monitoring (TDM)
was available for itraconazole in seven (17-5%)
institutions in house and in two (5%) institutions at an

Figure 2: Antigen detection availability in African institutions
LFA=lateral flow assay. LFD=lateral flow device.

Number of Number of Total
institutions institutions
with molecular  with
testsavailable  molecular
in-house tests
performed at
outsourced
laboratories
Candida spp 8 (20-0%) 7 (17-5%) 15 (37-5%)
Aspergillus spp 5 (12-5%) 7 (17-5%) 12 (30-0%)
Pneumocystis spp 7 (17:5%) 6 (15-0%) 13 (32:5%)
Other fungi 5 (12:5%) 6 (15:0%) 11 (27-5%)
Data shown as n (%). Percentages calculated out of 40 responses.
Table 1: Molecular test (of any sort) availability in-house and at
outsourced laboratories according to the fungal pathogen

outsourced laboratory. Regarding TDM for other
antifungal agents, voriconazole was available in four
(10-0%) institutions, posaconazole in one (2-5%)
institution, and 5-flucytosine in three (7-5%) centres in
total, both in-house and outsourced.

Discussion

We report for the first time the availability of diagnostic
tools and capacity for treatment of fungal infections in
Africa. Other investigators have indicated some of the
African laboratories’ strengths and weaknesses, but
they usually focused on specific African sub-regions
(sub-Saharan Africa mainly) and diseases, such as HIV
or AIDS.*™ Our survey included institutions with
distinct profiles (such as university hospitals and public
and private hospitals with different numbers of beds)
and from different sub-regions of Africa.

The low numbers of responders might reflect the fact
that there are few mycologists on the continent. Even
though the sample in this survey was a convenience
sample, it did provide a snapshot from the entire
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Number of institutions with
antifungal drug availability in Africa

(n=40)
Fluconazole 36 (90-0%)
Isavuconazole 1(2:5%)
Itraconazole 21(52-5%)
Posaconazole 2 (5:0%)
Voriconazole 14 (35-0%)
Ampbhotericin B deoxycholate 21(52:5%)

Liposomal amphotericin B 7 (17-5%)
Amphotericin B lipid complex 4(10-0%)
Other lipid formulations of 4 (10-0%)

amphotericin B

Anidulafungin 2 (5:0%)

Caspofungin acetate 8 (20-0%)
Micafungin sodium 9 (22:5%)
5-flucytosine 11 (27-5%)
Terbinafine 25 (62:5%)

Data shown as n (%). Percentages calculated out of 40 responses.

Table 2: Antifungal drug availability in Africa

continent. Only three (7-5%) institutions, located in
Ethiopia (n=1), Nigeria (n=1), and Togo (n=1), reported no
access to mycological diagnosis. However, we should
highlight that some countries are not represented in our
sample and might have an even more vulnerable
situation when it comes to the diagnosis and treatment
of fungal infections, mainly if we consider those
countries with a lower human development index,
lower gross national income per person, and worse
indicators related to multidimensional poverty, than the
countries included here.”” Nevertheless, the high
prevalence of university hospitals and national centres of
research (72-5%) among responders might overestimate
the available resources. In Africa, challenges posed by
fungal infection are huge and diverse. The burden of
fungal infection, both cutaneous and invasive, is high,
and is well documented in many studies.”* Deaths due
to cryptococcal disease, which are associated with HIV
infection, exceed 200000 per year.”* A study evaluating
non-culture-based methods, performed with inpatients
in South Africa, showed that one in ten inpatients had
evidence of an invasive mycosis (including cryptococcosis,
pneumocystosis, and histoplasmosis).”? Additionally, a
high incidence of co-infection with tuberculosis was
observed, complicating the diagnosis and management
of these patients, particularly because of drug-drug
interactions. The authors of this previous study estimated
that 60% of invasive fungal diseases were missed,”
corroborating the urgent need for improving diagnostic
capacities in this region.

Few studies assessing mycological practices around the
world have been performed,*” and fewer so in
LMICs.®*** Sufficient numbers of responders are a
challenge in this type of approach: the sample size

was also a limitation for Falci and Pasqualotto®
(129 responses from 14 countries [96 from Brazil, nine
from Mexico, five from Colombia, three from Uruguay,
three from Guatemala, two from Argentina, two from
Chile, two from Paraguay, two from Venezuela, one from
Barbados, one from Ecuador, one from Honduras, one
from Peru, and one from French Guiana], of which 74%
were from one country only) and Chindamporn and
colleagues® (241 laboratories from seven countries
answered the survey out of nearly 900 who were directly
contacted, a response rate of approximately 26%). Despite
this, data from these snapshots are interesting tools to be
used for the advocacy of laboratory capacity improvements.
Our data can be combined with those from these previous
papers, indicating that there is an unequivocal absence of
adequate diagnostic tools to manage fungal disease
burden in these regions (Asia, Africa, and Latin America).

In many mycoses, choosing the most appropriate
therapy and accurately identifying the causative fungal
species is crucial. One example is Candida auris, a
multidrug resistant pathogen that was retrospectively
identified in 2009 in South Africa and in 2011 in Kenya.*#
Nevertheless, few laboratories reported having the
capacity to correctly identify C auris, which includes
modern technology such as MALDI-ToF or molecular
methods. Institutions that answered the survey here
seemed to be reasonably prepared for HIV-associated
infections such as cryptococcosis, reporting rates of more
than 75% for cryptococcal antigen test and India ink
availability. However, opportunistic infections with an
unclear epidemiological characterisation in Africa, such
as histoplasmosis? and emergomycosis,” are under-
recognised, with less than 40% of institutions reporting
access to Histoplasma antigen detection.

Itis to be noted that it is necessitated that tertiary hospitals
attending to patients with non-HIV immunocompromising
conditions are aware of the rampant increase of antifungal
resistance. However, a concerning 37-5% of institutions in
this study do not perform antifungal susceptibility tests.
Consequently, we anticipate a catastrophic scenario because
multiple risk factors for fungal infections in Africa are
combined with an absence of diagnostic tools and limited
resources, which in turn is likely to exaggerate the global
trend in antifungal resistance, not only in medicine but also
in agriculture, with deficient epidemiological tools to
monitor its advance in the continent.*

The worldwide rise of antifungal resistance as a threat
not only to public health but also to food security has
been previously noted,** but not enough action has been
taken in the field, especially from policy makers. The use
of antifungal agents in agriculture is common and
necessary, but their unadvertised use and few regulations
might aggravate the problem, mainly in LMICs, which
economically depend on crops and commodities.”
Thus, antifungal resistance has become a problem in
onychomycosis and other superficial mycoses, as well as
in systemic mycoses.®
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Regarding treatment, the unavailability of WHO
essential drugs® is concerning. Fundamental agents had
low availability in the institutes included here.
Amphotericin B deoxycholate was available in only
21 (52-5%) institutions, and liposomal amphotericin B in
seven (17-5%; table 2). Itraconazole was available only in

21 (52.89%)\ vnricanazale in 14 (25.0%) and nncaranazale

Search strategy and selection criteria

We searched for articles written in English in the PubMed
database from May 1, 2019, to May 31, 2021, without any

restrictions on the date of publication of the articles included

in the search, considering combined terms such as “Africa”,
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