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RESUMO

Onicomicoses sdo infeccbes das unhas causadas por fungos dermatdfitos, fungos nao-
dermatofitose leveduras. Pacientes com doenca renal crénica dialitica apresentam indices mais
elevados dessadoenca devido, principalmente, a imunodepressdo. Seu tratamento encontra
limitacGes impostas pela doenca de base e pelas comorbidades. Este estudo, desenvolvido com
pacientes do Centro deHemodidlise do Hospital Universitario S&o Francisco, Braganca
Paulista, S0 Paulo, Brasil,originou dois artigos. O primeiro, intitulado “Prevalence and Risk
Predictors of Onychomycosis inPatients on Hemodialysis: An Observation, Prospective and
Unicenter Study in Brazil” teve por objetivo tracar um perfil epidemioldgico das onicomicoses
em pacientes dialiticos, e investigar osprincipais fatores de risco relacionados a doenga. O estudo
incluiu 151 pacientes, sendo que 70 (46,4%) deles apresentaram alteracbes morfoldgicas
ungueais e 31 (44,3%) apresentaram positividade no exame micoldgico direto, e os agentes
etioldgicos forma identificados pela culturafingica. Como concluséo, os microrganismos mais
prevalentes nessa populacdo foramdermatdfitos do género Trichophyton. O escore de gravidade
do envolvimento ungueal para a maioria dos pacientes foi grave, e 0s tipos clinicos subungueal
distal e a onicomicose de padrédo misto foram os mais prevalentes. Os principais fatores de risco
para desenvolver onicomicose foram o sexo masculino, idade avancada e presenca de obesidade.
O segundo artigo, intitulado “Terbinafine in Acrylic Polymer for the Treatment of
Onychomycosis in Hemodialysis Patients: APhase Il Clinical Trial”, avaliou a seguranga e o
potencial de eficacia de um tratamento que combina desbridamento ungueal com o uso de unhas
de gel acrilico carreando terbinafina na concentracdo de 2%. Foram incluidos pacientes que
apresentavam onicomicose em h&lux com formas clinicas cujo tratamento envolvia a necessidade
de desbridamento ungueal. Apos o qual foiaplicada uma prétese ungueal confeccionada com gel
de reconstrucdo acrilico e terbinafina na concentragdo de 2%. O procedimento foi renovado a
cada duas semanas durante 11 meses. A evolugdo foi acompanhada com medidas da lamina
ungueal e fotografias. O exame micoldgico direto e a cultura fangica foram realizados no inicio
do estudo e 30 dias ap0s a interrupcdo das aplicacfes. A avaliacdo da resposta clinica, cura
clinica, cura micoldgica e cura completa foi realizada ao final do estudo e os participantes
responderam a um questionario sobre a percep¢do do tratamento. Dentre um total de 155
pacientes, 64 (41,3%) apresentaram quadro sugestivo de onicomicose em haluces apds a analise
clinica. Entre eles, 35 (54,7%) individuos apresentaram exame micol6gico direto positivo e
realizaram cultura fungica para identificar o agente etiol6gico. Desse grupo, 24 (68,6%)
individuos apresentavam formas clinicas cujo tratamento envolvia a necessidade de
desbridamento ungueal. Apenas 15 individuos completaram o estudo. Em relacdo a cura, 5/15
participantes apresentaram resposta clinica, 4/15 cura clinica e 3/15 curacompleta. Em concluséo,
0 método testado apresentou baixa eficacia como tratamento isolado em pacientes comdoenca
renal crénica dialitica. Por outro lado, a maioria dos pacientes tiveram uma boa percep¢éosobre
a aparéncia de suas unhas durante o tratamento, mesmo quando este ndo resultou em melhora
clinica aparente ou cura completa.

Palavras chaves: Antifangicos.Dialise.Onicomicose. Terbinafina.Unhas.
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ABSTRACT

Onychomycoses are nail infections caused by dermatophyte fungi, non-dermatophyte fungi and
yeasts. Patients with chronic kidney disease on dialysis have higher rates of this disease, mainly
due to immunodepression. Treatment is limited by the underlying disease and comorbidities.
Thisstudy, carried out with patients at the Hemodialysis Center of the Hospital Universitario Séo
Francisco, Braganca Paulista, Sdo Paulo, Brazil, resulted in two articles. The first, entitled
“Prevalence and Risk Predictors of Onychomycosis in Patients on Hemodialysis: An
Observation,Prospective and Unicenter Study in Brazil”, aimed to draw up an epidemiological
profile of onychomycosis in dialysis patients and to investigate the main risk factors related to
the disease. The study included 151 patients, 70 (46.4%) of whom presented morphological nail
alterations and 31 (44.3%) were positive in the direct mycological examination, and the
etiological agents were identified by fungal culture. In conclusion, the most prevalent
microorganisms in this population were dermatophytes of the Trichophyton genus. The severity
score of nail involvement for most patients was severe, and distal subungual and mixed
pattern onychomycosis were the mostprevalent clinical types. The main risk factors for
developing onychomycosis were male gender, advanced age, and the presence of obesity. The
second article, entitled “Terbinafine in Acrylic Polymer for the Treatment of Onychomycosis in
Hemodialysis Patients: A Phase Il Clinical Trial”,evaluated the safety and potential efficacy of a
treatment combining nail debridement with the useof acrylic gel nails carrying terbinafine at a
concentration of 2%. The study included patients withclinical forms of hallux onychomycosis
whose treatment involved the need for nail debridement. After this, a nail prosthesis made with
acrylic reconstruction gel and terbinafine at a concentrationof 2% was applied. The procedure
was renewed every two weeks for 11 months. Progress was monitored with measurements of the
nail plate and photographs. Direct mycological examination and fungal culture were carried out
at the beginning of the study and 30 days after the applicationswere stopped. The evaluation of
clinical response, clinical cure, mycological cure, and complete cure was carried out at the end
of the study and the participants answered a questionnaire about their perception of the treatment.
Out of a total of 155 patients, 64 (41.3%) presented symptoms suggestive of onychomycosis on
the halo after clinical analysis. Among them, 35 (54.7%) had a positive direct mycological
examination and fungal culture was carried out to identify the etiologicagent. Of this group, 24
(68.6%) had clinical forms whose treatment involved the need for nail debridement. Only 15
individuals completed the study. Regarding cure, 5/15 participants showed a clinical response,
4/15 a clinical cure and 3/15 a complete cure. In conclusion, the method testedshowed low
efficacy as a stand-alone treatment in patients with chronic dialysis kidney disease. On the other
hand, most patients had a good perception of the appearance of their nails during treatment, even
when it did not result in apparent clinical improvement or complete cure.

Keywords: Antifungal Agents.Dialysis.Nails.Onychomycosis.Terbinafine.
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1. Introducéo
1.1. Onicomicoses
1.1.1. Generalidades

Onicomicose é um termo que descreve todos os tipos de infec¢des fungicas das unhas; e que
apresenta sinais e sintomas comuns a outras entidades nosoldgicas, necessitando, por esse motivo,
de um exame complementar para identificar o fungo e assim estabelecer o diagndstico. Como a
lamina ungueal tem um crescimento lento, o tratamento se prolonga por varios meses, sendo
necessario manter a medicacdo até a cura clinica com a presenca de recomposicéo total da unha
acometida. Isso torna o tratamento demorado e dispendioso. E além do desconforto que pode
causar, a onicomicose representa ainda, um problema estético que pode causar constrangimento
(FDA, 2016).

1.1.2. Etiologia

Dentre as onicomicoses, 60 a 70% sdo causadas por dermatofitos, sendo o Trichophyton
rubrum o principal responsavel (50%), seguido pelo T. mentagrophites (20%), e o restante das
onicomicoses por dermatofitos sdo causadas por Microsporum spp, T. violaceum, T. verrucosum,
T. krajdenii e Arthroderma spp. Os fungos filamentosos ndo dermatofitos sdo responsaveis por
aproximadamente 10% das onicomicoses sendo 0s agentes mais comuns Scopulariopsis
brevicaulis, Aspergillus spp, Acremonium spp, Fusarium spp, Alternaria alternate e o
Neoscytalidium spp. Finalmente, leveduras (Candida spp) sdo responsaveis por aproximadamente
10-20% dos casos de onicomicoses (AUGUSTIN et al., 2013). Recentemente evidéncias apontam
que os fungos podem formar um biofilme e, dessa forma, desenvolver resisténcia a antifungicos e,

dessa forma, resistir ao sistema imunoldgico (GUPTA; FOLEY, 2019).

1.1.3. Fatores de risco para as onicomicoses

Os principais fatores de risco para ocorréncia de onicomicoses incluem: hiperidrose, uso de
chuveiros publicos, uso de calcados fechados, unhas morfologicamente alteradas, diabetes
mellitus, doenca vascular periférica, deficiéncia imunolégica (sindrome da imunodeficiéncia

humana adquirida, uso de imunossupressores, didlise, quimioterapia), obesidade, idade avancada,
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micro traumas pelo calgado, tinea pedis, psoriase e malignidades (LIPNER; SCHER, 2019). As
unhas dos pés sdo de quatro a dezenove vezes mais frequentemente acometidas que as unhas das
méaos (LECHA et al., 2005).

1.1.4. Onicomicoses e hemodidlise

As taxas de prevaléncia de onicomicose em pacientes em hemodiélise giram em torno de
23,4% contra 10% de prevaléncia na populacdo geral (SANTOS FILHO et al., 2017). A doenca
renal crénica em estadio terminal se associa a ativacdo imune marcada por inflamacéo sistémica e,
simultaneamente, a imunodeficiéncia caracterizada por resposta fraca a vacinagdo e aumento da
incidéncia e da gravidade de infeccGes microbianas. A imunodeficiéncia relacionada a uremia é
causada por varias alteracdes nos leucdcitos. A doenca renal cronica em estadio terminal € marcada
por inflamacéo sistémica e estresse oxidativo. As infec¢des bacterianas sdo a causa mais comum
de hospitalizacdo e a segunda causa mais comum de 6bito nesses pacientes. Essa alteracdo da
resposta imune pode ser observada quando verificamos que somente 50 a 75% dos pacientes em
dialise que sdo vacinados desenvolvem anticorpos protetores contra o antigeno de superficie do

virus B da hepatite, comparados a mais de 90% na populacéo geral.

Foram também relatadas altas taxas de falha de vacinacdo contra o virus da Influenza,
Clostridium tetani e Corynebacterium diphtheriae. Como os antigenos em todas essas vacinas sao
proteinas, a resposta imune € dependente de linfocitos T. Por outro lado, a producgdo de anticorpos
apos a vacinagdo contra pneumococo, que usa antigenos polissacarideos, é normal em pacientes
em dialise. Portanto, o distarbio de imunidade adquirida em pacientes urémicos envolve
principalmente o linfécito T e ndo o linfécito B. Isso tem apoio no fato de que os is6topos de
imunoglobulina G (IgG) sérica tanto a producdo de imunoglobulina M (IgM) quanto a de
imunoglobulina (IgA) sdo normais em pacientes com doenca renal cronica em estadio terminal.
Apesar disso, a ativagdo de linfocitos B ndo especificos pode ser responsavel pelo aumento de

producéo de autoanticorpos observado nessa populacéo.

O envelhecimento prematuro do sistema imune em pacientes com doenca renal crénica em
estadio terminal pode estar relacionado a uma distor¢cdo permanente da populacéo de células-tronco
hematopoiéticas em direcdo a linhagem mieloide, similar aquela observada em individuos idosos

saudaveis. Na uremia, a diminuicdo da resposta imune contribui para a alta taxa de infeccdes,
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enquanto a pré-ativacdo e a ativacdo persistente de células imunes levam a inflamacéo e,
consequentemente, a doengas venosas cronicas. Enquanto a remogéo coordenada via apoptose de
células imunes ativadas é crucial para a resolucdo de inflamacdo, taxas de apoptose

inapropriadamente elevadas levam a uma diminuicdo da resposta imune.

Na uremia ocorre uma perturbacdo no equilibrio entre fatores pré-inflamatérios e anti-
inflamatorios e entre os fatores pro-apoptéticos e anti-apoptoéticos. As doengas venosas cronicas e
as infeccdes se associam a uma alteracdo da resposta imune e contribuem para a elevada incidéncia
de morbidade e mortalidade em pacientes com disfuncdo renal. Aléem do acimulo de toxinas
urémicas nos pacientes com doenca renal crénica, como consequéncia da reducdo da filtracdo
glomerular, o desarranjo das atividades metabdlicas na doenga renal cronica em estadio terminal
interfere na defesa imune na uremia. Uma serie de fatores adicionais como a deficiéncia de ferro,
sobrecarga de ferro ou deficiéncia de vitamina D também podem contribuir para as complicacdes

cardiovasculares e infecciosas nos pacientes com doenca renal crénica em estadio terminal.

1.1.5. Apresentacdes clinicas das onicomicoses

As onicomicoses podem se apresentar sob diferentes formas clinicas, conforme o padréo de
invasdo das unhas: branca superficial, subungueal distal e lateral, subungueal proximal, endonyx,
padrdo misto, distrofica total e secundéria (invasdo fangica sobreposta a outra alteracdo ungueal
prévia (como psoriase ou trauma) (GUPTA et al., 2018).

1.1.6. Medidas de gravidade

Com o intuito de determinar a gravidade da infeccdo ungueal, em 2011, Carney e
colaboradores propuseram o escore denominado de “Onychomycosis Severity Index” (OSI). Este
escore utiliza uma pontuagdo para o tamanho da &rea acometida (intervalo de 0 a 5), multiplicado
pela pontuacédo relativa & proximidade da doenca & matriz (intervalo de 1 a 5). Além disso, a
pontuacdo acrescenta dez pontos pela presenca de um dermatofitoma ou por mais de 2 mm de
hiperqueratose subungueal. A gravidade é descrita de acordo com o numero de pontos, sendo:
(leve) 1 a 5 pontos, (moderada) 6 a 15 pontos e (grave) 16 a 35 pontos (Figura 1) (CARNEY et al.,
2011).
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FIGURA 1. Pontuagdo do escore “Onychomycosis Severity Index” conforme a proximidade da
matriz ungueal. A unha é dividida transversalmente em quatro partes e recebe pontuagéo crescente de 1 a 4
conforme se aproxima da lunula. O envolvimento da Iinula e da prega ungueal proximal representa o
envolvimento da matriz e recebe uma pontuagdo de 5. O escore foi publicado por CARNEY et al., 2011.

Fonte: Proprio autor.

1.1.7. Diagnostico das onicomicoses

A onicomicose tem sinais e sintomas comuns a numerosas outras doengas e seu tratamento é
prolongado e oneroso, as vezes envolvendo drogas de uso sistémico. Esses fatores justificam a
necessidade da confirmacdo diagnostica pela evidéncia do agente causal antes de iniciar o
tratamento. Os principais exames laboratoriais para realizar o diagnostico das onicomicoses séo
(HASHE; PODA, 2018):

i-) Exame micoldgico direto: O material é coletado do local suspeito, clarificado com potassa
e colocado em ldmina para visualizar as estruturas fingicas por microscopio 6ptico, podendo ser
adicionada tinta azul de Parker, a critério do examinador;

ii-) Microscopia de fluorescéncia: exame direto no qual o calco fltor branco é utilizado para
coraras estruturas fangicas. A microscopia de fluorescéncia é mais cara e tem menor disponibilidade

doque a microscopia Optica e, aparentemente, ndo possui vantagens substanciais;
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iii-) Cultura fangica: identifica o fungo e avalia sua viabilidade pelo crescimento de uma
coldnia fangica, sendo considerado o padrdo ouro para o diagnéstico de onicomicose;

iv-) Histopatologia: O método possui elevada sensibilidade, porém é caro se comparado ao
examemicologico direto e a cultura para fungos. Adicionalmente, ndo permite identificar o agente

patogénico e verificar sua viabilidade;

v-) Reacgédo em cadeia da polimerase (PCR): permite identificar o fungo pelo sequenciamento
do ADN (acido desoxirribonucleico, do inglés “deoxyribonucleic acid’). Apesar de mais sensivel
quea cultura para fungos, o método ndo permite saber se o fungo € viavel ou mesmo se é o causador
da sintomatologia. A disponibilidade do exame ainda é baixa, principalmente, em paises

subdesenvolvidos ou emergentes — como é o caso do Brasil;

vi-) Microscopia confocal: utiliza um laser diiodo para visualizar, in vivo, se¢fes horizontais
entrea placa ungueal e a superficie do leito ungueal, possibilitando identificar estruturas fungicas.
O exame nao requer a coleta de amostras, porém, ndo identifica o organismo e exige treinamento

especializado, tem elevado custo e baixa disponibilidade.

1.1.8. Tratamento das onicomicoses

O tratamento das onicomicoses € dificultado pela natureza impermeédvel da unha,
caracteristica atribuida as fortes ligacdes dissulfeto e ligacdes de hidrogénio na rede de queratina,
tornando a ldmina ungueal uma das barreiras bioldgicas mais dificeis de transpor. As opgdes
terapéuticas incluem drogas de administracdo oral e topica. A terapia antifingica oral geralmente
é longa e traz consigo o risco de efeitos adversos e interacbes medicamentosas. A terapia tdpica,
por sua vez, raramente tem efeitos colaterais, e ndo apresenta absorcdo sistémica significativa,
sendo adequada para pacientes da geriatria e da pediatria e para mulheres gravidas, mas, sua a¢éo
é limitada pela rigida estrutura da unha, dificil de ser permeada. Por este motivo, a terapia topica é
prescrita apenas em casos leves, em que ndo ha acometimento da matriz ungueal. A entrega de
medicamentos topicos pode ser aprimorada por metodos mecanicos, fisicos e quimicos (TABARA
et al., 2015). A escolha do tratamento deve ser individualizada de acordo com o grau de
envolvimento das unhas, organismo infectante, comorbidades e uso concomitante de outros
medicamentos (AMEEN et al., 2014).
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1.1.8.1 Medicamentos de uso topico nas onicomicoses

A placa ungueal dorsal atua como uma barreira que dificulta a difusdo de medicamentos
aplicados topicamente, podendo levar a uma reducéo da concentracdo da droga em até 1.000 vezes.
Além disso, a unha tem natureza hidrofilica, o que impede a penetracdo da maioria das moléculas
lipofilicas de elevados pesos moleculares (GUPTA et al., 2018). Cremes ou pomadas, ndo sao
considerados veiculos adequados para depositar os antifungicos na lamina ungueal. Os esmaltes
(ou lacas) foram formulados de forma a melhorar a penetracdo das substancias ativas através da
lamina ungueal, mantendo sua concentracdo adequada, aumentando assim a sua eficacia. A
penetracdo adequada da droga atravées da superficie da placa ungueal é fornecida por sistemas de
liberacdo transungueal de drogas, que geralmente contém polimeros insolUveis em dgua removidos
com solventes organicos (EL-SALAM et al., 2020). Os medicamentos produzidos pela industria
farmacéutica no Brasil sob a apresentacdo de esmalte sdo a Amorolfina com indices de cura clinica
de 46% e cura micoldgica de 52% e Ciclopirox Olamina, com indices de cura clinica de 12% e
cura micoldgica de 36%. Tioconazol é comercializado no Brasil em forma de solucéo. Eficonazole
e Tavaborole sdo antifingicos topicos citados na literatura mundial para tratamento das
onicomicoses, porém, ainda ndo disponiveis no Brasil. O papel da monoterapia com antifungicos
topicos é limitado a onicomicose superficial branca (exceto em infec¢des transversais ou estriadas),
onicomicose latero-distal precoce (exceto na presenca de estrias longitudinais) quando <80% da
placa ungueal é afetada pela falta de envolvimento da lunula ou quando antifingicos sistémicos
sdo contraindicados (GUPTA et al., 2018).

1.1.8.2. Medicamentos sistémicos nas onicomicoses

Os medicamentos sistémicos aprovados pelo Food and Drug Administration sdo a
Terbinafina, com indices de cura micoldgica em torno de 75% e o Itraconazol, com indice de cura
micoldgica de 61%. No entanto, por possuir maior indice de cura e menor potencial de interagdes
medicamentosas, a Terbinafina, tem sido a escolha preferencial. O Fluconazol, com indice de cura
micoldgica de 31%, é aprovado para tratar onicomicose na Europa, mas nos Estados Unidos da
Ameérica, seu uso é off-label (LIPNER et al., 2019).

No Brasil, o Fluconazol ¢ o medicamento sisttmico mais frequentemente prescrito para o
tratamento sistémico das onicomicoses (BELDA; CHIACCHIO; CRIADO, 2018), sendo fornecido
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pelo Sistema Unico de Salde para uso ambulatorial. O tratamento sistémico pode ser indicado em
todas as apresentaces clinicas, mas deve ser considerado como primeira op¢do se a matriz ungueal
estd envolvida, se ocorre acometimento simultdneo de trés ou mais unhas, na presenca de
dermatofitoma, hiperceratose subungueal (>2 mm) e na forma distroéfica total (DI CHIACCHIO et
al, 2013). No entanto, na literatura, existem registros de casos de insuficiéncia hepatica aguda
desencadeada ap6s o uso de antifingicos orais (TUCCORI et al., 2008; SREBRNIK et al., 2005;
PANDHI; VERMA, 2012).

1.1.8.3. Avulsdo e desbridamento das unhas nas onicomicoses

A avulsdo parcial da placa ungueal danificada tem como objetivo reduzir a massa fungica e
colaborar para que as drogas atinjam as camadas mais profundas do leito ungueal. A avulsdo
quimica é feita com produtos de aplicacdo topica a base de ureia a 40%. A abrasdo mecanica da
placa ungueal pode ser realizada utilizando lixas d’agua ou a unha pode ser cortada. A avulsdo
cirtrgica total da unha tem sido evitada por deixar o leito ungueal desprotegido e pelo risco de lesar
a matriz ungueal levando a distrofia ungueal permanente. Na retirada completa da unha, ocorre a
perda de contrapressdo no leito ungueal, podendo levar ao aumento do crescimento lateral da
lamina ungueal, sendo recomendado o uso de uma unha protética para evitar esse problema
(BARAN; GARDUNO, 2008; GUPTA; PAQUET; SIMPSON, 2013).

1.1.8.4. Tratamento combinado

As modalidades terapéuticas podem ser associadas conforme as necessidades de cada caso,

potencializando assim os resultados (SCHER et al., 2007).

1.1.9. Critérios de cura das onicomicoses

Os critérios de cura tomam por base a evolucdo clinica e os exames laboratoriais. O
crescimento de 5 mm de unha saudavel € chamado de resposta clinica. A cura micologica e definida
pelo exame micoldgico direto e cultura negativos e, a cura clinica, pela aparéncia completamente
normal da unha. A cura completa seria definida pela presenca de ambos os critérios. Entretanto,

nem sempre a cura clinica é alcancavel, como em alguns casos de onicomicose grave, trauma prévio
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com danos permanentes & matriz ungueal, doenca secundaria das unhas e imunossupressao
(BOLOGNIA; JORIZZO; SHAFFER, 2015).

1.2. Justificativa

A prevaléncia de onicomicoses na populacdo geral € em torno de 1 a 8% (Bodman;
Krishnamurthy, 2024), mas € bem maior em doentes renais cronicos dialiticos, variando de 19 a
51,9% (Gupta; Daigle; Foley, 2015). Frequentemente esse grupo de pacientes apresenta formas
graves de onicomicose, para as quais seria indicado o tratamento sistémico (Maskan Bermudez et
al., 2023). Ao mesmo tempo, esses pacientes possuem varias comorbidades e fazem uso de
multiplos farmacos, o que aumenta os riscos de efeitos adversos e interagdes medicamentosas
(Gupta; Hass-Neil; Talukder, 2023), além de ser escassa a literatura que versa sobre os efeitos do
uso prolongado de antifangicos sisttmicos em doentes renais dialiticos. Um dos desafios do
tratamento tépico das onicomicoses € fazer com que os medicamentos alcancem concentracdes
terapéuticas no local onde o fungo encontra-se instalado. As moléculas hidrofilicas e aquelas de
menor peso molecular permeiam com mais facilidade a lamina ungueal, mesmo assim, os ativos
podem ter sua concentracdo muito reduzida ao atravessa-la (Baswan et al.,2017). Os fungos, por
sua vez, sdo produtores de proteases (entre elas a queratinase), lipases e colagenases, o que 0s torna
aptos a invadir e destruir estruturas do aparato ungueal (Peres et al., 2010). Uma vez instalados, 0s
fungos séo capazes de formar biofilme, tornando-os ainda mais resistentes ao tratamento e fora do
alcance das células do sistema imune (Gupta; Foley, 2019). Outro fator que favorece sua
permanéncia no hospedeiro é a lentidao do crescimento da lamina ungueal, cerca de 1 mm por més
nas unhas dos pés e 3 mm por més nas unhas das mdos (Bolognia;Jorizzo; Schaffer, 2015). A
avulsdo parcial da unha por meios quimicos, mecanicos ou cirargicos pode fazer parte da estratégia
terapéutica e tem como objetivo reduzir a massa fungica a ser combatida pelos medicamentos e
facilitar a chegada da droga ao sitio da infeccéo. A terbinafina é a droga que, administrada pela via
sisttmica, apresenta maiores indices de cura total no tratamento contra dermatofitos (Maxfield;
Preuss; Bermudez, 2024). Nesse contexto,no intuito de obter um recurso que ao mesmo tempo trate
aonicomicose, proteja o leito ungueal e melhore o aspecto da unha até que a ldamina se recomponha,
foi testada a aplicacdo de terbinafinausando como veiculo o polimero acrilico de reconstrugédo

utilizado na confeccédo de unhas posticas.
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2. Objetivos
2.1. Objetivo geral

Verificar a seguranca e a eficacia da aplicacdo topica de Terbinafina em pacientes em
hemodialise usando como veiculo um polimero acrilico que mantenha a droga em contato com 0s

tecidos afetados pela onicomicose, por tempo prolongado.

2.2. Objetivos especificos

i-) descrever a prevaléncia e os preditores de risco para onicomicose em pacientes em

hemodialiseem um hospital de referéncia no Brasil.

ii-) realizar um ensaio clinico fase Il que propde limpeza e desbridamento da unha do halux
afetada, seguido da colocacdo de protese ungueal moldada com gel acrilico de reconstrucédo
contendo terbinafina na concentracdo de 2%, para obter exposicdo prolongada dos tecidos ao
agenteantifngico. Simultaneamente, avaliar se a técnica protege o leito ungueal desbridado e
melhorar o aspecto estético da unha.
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3. Capitulo 1. Artigo publicado

Titulo: Prevaléncia e preditores de risco de onicomicose em pacientes em hemodialise: estudo

observacional, prospectivo e unicéntrico no Brasil
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Prevalence and risk predictors of
onychomycosis in patients on
hemodialysis: an observation,
prospective, and unicenter study
in Brazil

Jeanne Marie Queiroz Borges Bersano®*,
Matheus Gobbo Cordeiro®* and
Fernando Augusto Lima Marson@®*

Laboratory of Molecular Biology and Genetics, Health Sciences Postgraduate Program, Universidade
Sao Francisco, Braganca Paulista, S3o Paulo, Brazil

Background: Onychomycoses are fungal infections that can be seen in any
component of the nail unit, including the matrix, bed, and plate, and are caused
by dermatophyte fungi, non-dermatophyte fungi, and yeasts. This disease affects
approximately 1 to 8% of the general population and occurs in approximately 19
to 51.9% of the patients on hemaodialysis. The high incidence of onychomycosis
in patients on hemodialysis is associated, mainly, with immunologic deficits and
histological changes caused by uremia.

Methods: Adult patients of the Sao Francisco University Hospital Hemodialysis
Center were included. The following characteristics were evaluated: age, sex,
body mass index, comorbidity, and household location. All patients were clinically
evaluated and those with suspected onychomycosis had subungual debris of the
affected nail plate collected for the direct mycological examination and fungal
culture. The onychomycosis severity for those patients with a positive result in
the fungal culture examination was evaluated using the Onychomycosis Severity
Index system.

Results: The study included 151 patients, and 70 out of the 151 patients (46.4%)
showed nail alteration, and among them, 31 out of the 70 patients (44.3%) had
the onychomycosis diagnosis confirmed by direct mycological examination.
The pathogens observed in the patients were Trichophyton rubrum [8 out of 31
(25.8%), Trichophyton mentagrophytes [7 out of 31 (22.6%)], Scytalidium spp. [6
out of 31 (19.4%)], Candida spp. |2 out of 31 (6.45%)], Rhodotorula spp. [1 out of 31
(3.2%)), Candida albicans [1/31 (3.2%)], Penicillium marneffei [1 out of 31 (3.22%)],
and T. rubrum and Rhodotorula spp. [1 out of 31 (3.2%)]. Three participants
presented negative results in the culture examination, and one did not allow the
collection of material for the examination. The nail involverment severity score
for the majority of them was severe [23 out of 27 (85.2%)], and only 1 out of the
27 (3.7%) and 3 out of the 27 (L1%) patients presented moderate and mild scores,
respectively. The distal subungual onychomycosis occurred in 12 out of 27 (44.4%)
patients, a mixed pattern occurred in 14 out of 27 (51.9%) patients, and, white
superficial occurred in only 1 out of 27 (3.7%) patients. In the bivariate analysis,
a higher risk of anychomycosis was associated with the male sex [23/31 (74.2%)
vs. 56/120 (46.7%); OR = 3.286 (95%Cl = 1.362 to 7.928)] and obesity [8/31 (25.8%)
vs. 12120 (10.0%); OR =3.130 (95%Cl =1.150 to 8.521)). Patients with diabetes
mellitus were more susceptible to onychomycosis attacks (p-value = 0.049; 16
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1 Introduction

10.3389/fmed.2023.1268324

out of 31 (51.6%) vs. 40 out of 120 (33.3%); however, OR was 2.133 (95%Cl = 0.959
to 4.648). The patients with onychomycosis were older but without a significant
difference between the groups (p-value = 0.073; 66 years old vs. 58 years old). The
multivariable model using the logistic regression (backward model) confirmed
our results and was able to predict (81.5%) the onychomycosis-positive diagnosis
(chi-square =27.73; p-value <0.001). The age [OR=1.036; 95%Cl=1.004 to
1.069], male sex [OR =5.746; 95%Cl = 2.057 to 16.046], and presence of obesity
[OR=4.800; 95%CI =1.435 to 16.055] were positive and significant in predicting
the onychomycosis-positive diagnosis.

Conclusion: In our study, onychomycosis in patients on hemodialysis was
associated with a great variety of microorganisms, mainly Trichophyton species.
The nail involvement severity score for the majority of patients was severe, and
distal subungual onychomycosis and mixed pattern onychomycosis were the
most prevalent clinical types. The main risk factors associated with onychomycosis
were male sex, older age, and the presence of obesity.

KEYWORDS

dermatophyte filamentous fungi, gender, microbiology, non-dermatophyte filamentous
fungi, obesity, onychomycosis, renal dialysis, yeast

Highlights

1. Onychomycoses affect approximately 1 to 8% of the general population and occur in
approximately 19 to 51.9% of the patients on hemodialysis.

2. Atotal of 70 out of 151 (46.4%) patients on hemodialysis showed nail alteration, and among
them, 31 out of 70 (44.3%) had the onychomycosis diagnosis confirmed.

3. The pathogens observed in the patients on hemodialysis were Trichophyton rubrum, Trichophyton
mentagrophytes, Scytalidium spp., Candida spp., Rhodotorula spp., Candida albicans, Penicillium
marneffei, and T. rubrum and Rhodotorula spp.

4. The nail involvement severity score for the majority of them was severe.

5. Distal subungual onychomycosis and mixed pattern onychomycosis were the most prevalent
clinical types.

6. A higher risk of onychomycosis in patients on hemodialysis was associated with male sex,
older age, and obesity.

causing, for example, endonyx onychomycosis, proximal subungual
onychomycosis, and total dystrophic onychomycosis (7).

Patients on hemodialysis experience several skin and nail ~ Onychomycoses are caused by dermatophyte filamentous fungi (e.g.,

alterations due to the systemic changes caused by the chronic renal
disease and its etiologies (e.g., systemic arterial hypertension, diabetes
mellitus, glomerulopathy, nephritis, dominant autosomal polycystic
renal disease, and obstructive uropathy) (1-4). Among skin
alterations, the main occurrences observed are hyperpigmentation,
xerosis, pallor, itching, jaundice, plant hyperkeratosis, psoriasis, and
viral, bacterial, or fungal infection complications (1-5).
Onychomycosis, xerosis, and itching were found to occur
simultaneously (1). Moreover, among nail alterations, the most
frequent are onychomycosis, half and half nails, absent lunula,
subungual hyperkeratosis, onycholysis, subungual hemorrhage, and
tinea pedis (1-3, 6). Some alterations might occur simultaneously in
the same patient such as onychomycosis and onycholysis and
onycholysis and subungual hyperkeratosis (6).

Onychomycoses are nail fungal infections that can involve any
component of the nail unit, including the matrix, bed, and plate,

Frontiers in Medicine

Trichophyton rubrum and Trichophyton mentagrophytes—71%),
non-dermatophyte fungi (e.g., Scopulariopsis brevicaulis, Acremonium
spp., Aspergillus spp., Fusarium spp., and Neoscytalidium spp.—
20.4%), or yeasts (Candida spp.—7.6%) (7-9). Dermatophyte
filamentous fungi predominate in positive cultures in hemodialysis,
followed by non-dermatophyte filamentous fungi, and yeasts (10-13).
However, yeasts are more prevalent in older patients with diabetes
mellitus and psoriasis (11).

Onychomycosis affects between 1 and 8% of the global population,
with higher prevalence among those in hospital treatment (7, 9) and
those on hemodialysis—19 to 51.9% (1-6, 10-13), representing 90%
of the nail diseases found in toes (8). In patients on hemodialysis, the
incidence of onychomycosis increases with older age (10, 11, 13), in
men (10, 11, 13), and in the presence of diabetes mellitus or psoriasis
(3, 5, 10-13), in renal transplant patients (10, 11), and in those infected
by human immunodeficiency virus (HIV) (11). On the other hand,
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hemodialysis duration as a risk factor for onychomycosis showed
divergent results in the literature (6, 10, 12, 13).

In such context, this study aimed to describe the prevalence and
risk predictors for onychomycosis in patients on hemodialysis in a
referral hospital in Brazil.

2 Methods

The study was carried out at the Sao Francisco de Assis University
Hospital Hemodialysis Center in Braganca Paulista-SP, Brazil. The
study included all patients with chronic renal insufficiency who were
in regular dialysis treatment in the period from July 2022 to March
2023 and who were over 18 years old. The hemodialysis treatment was
carried out in a hospital reference center at a scheduled time so that
there was no overcrowding, and the same treatment protocol with
similar dialysis days between patients was followed as the referenced
unit is associated with severe cases only.

All patients were first clinically evaluated, and those presenting
nail dystrophy were subjected to direct mycological examination and
fungal culture (Figure 1). The material used in both examinations
corresponded to subungual debris of the affected nail plate, obtained
from scraping the clinically changed areas after being cleaned with
70% alcohol, using an aluminum spatula and sterile nail pliers to
obtain material from the progression region and the confluence of
healthy and affected tissue. The material obtained was deposited in
sterile bottles and sent to the clinical analysis laboratory.

For the direct mycological examination, the material was cleared
with potassium hydroxide to degrade the keratin and placed on a slide
to visualize the fungal structures using an optical microscope. The

10.3389/fmed.2023.1268324

analysis provided information regarding the morphology, but species
identification could not be determined by the examination. Fungal
culture is considered the gold standard for the diagnosis of
onychomycosis since it enables the identification of the fungal species
affecting the patient and shows the fungus viability. The examination
uses the Sabouraud and Sabouraud cycloheximide agar culture media.
The culture is established at 20-25°C, and the waiting time for growth
might reach up to 4 weeks. The fungal agent identification is achieved
using culture macromorphology and micromorphology analyses. The
direct mycological examination and the fungal culture were carried
out at the clinical analysis laboratory of the University Hospital,
certified by the Brazilian Sanitation Surveillance for this type of
examination. In our data, the patients on hemodialysis were
considered affected by onychomycosis when the direct mycological
examination presented a positive result.

The patients on hemodialysis had the following markers collected:
age (years), sex (male and female), race [white, black, mixed race
(pardos), and yellow (Asian)], schooling (illiterate, elementary school,
high school, and higher education), body mass index (kg/m?),
household location (rural or urban), presence of comorbidity,
hemodialysis duration (classified in <lyear or>1lyear), and
onychomycosis treatment before their inclusion in this study.
Schooling was evaluated in our study with the aim of verifying the
association of a social marker with the risk of onychomycosis due to
accessibility to hemodialysis and onychomycosis treatment since our
tertiary hospital is responsible for the care of patients assisted by the
public and private healthcare system. For the patient on hemodialysis
with a positive result in the fungal culture examination, the following
markers were also evaluated: (a) clinical type, (b) nail involvement
severity score, and (c) number of dystrophic nails per patient.

151 patients on hemodialysis

v
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The pati were d and
70/151 (46.4%) presented nail dystrophia

I

e R
70/151 (46.4%) patients were subjected to
direct mycological examination and culture
examination

in the direct my
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N
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The classification of onychomycosis was performed according to
the literature into the following groups: distal and lateral subungual,
superficial, endonyx, proximal subungual, mixed, totally dystrophic,
and secondary onychomycosis (14).

The onychomycosis severity was evaluated using the
Onychomycosis Severity Index system. The score was obtained by
multiplying the score for the area of involvement (range, 0 to 5) by the
score for the proximity of disease to the matrix (range, 1 to 5). Ten
points were added for the presence of a longitudinal streak or a patch
(dermatophytoma) or for a patch greater than 2mm of subungual
hyperkeratosis. After measuring the scores, patients on hemodialysis
were classified into the following severity groups: (a) mild
onychomycosis [score of 1 through 5], (b) moderate onychomycosis
[score of 6 through 15], and (c) severe onychomycosis [score of 16
through 35] (15).

The statistical analysis was carried out using the software Statistical
Package for the Social Sciences (IBM Corp. Released 2021, IBM SPSS
Statistics for Macintosh, Version 28.0. Armonk, NY: IBM Corp). In
the study, the sample size was not calculated because we enrolled all
patients on hemodialysis from our institution (convenience sampling).
Categorical data are presented considering absolute frequency (1) and
relative frequency (%). The association between categorical markers
among those that presented positive ungual alterations and
onychomycosis diagnosis and those that did not were obtained
employing Pearson’s chi-square or Fisher’s exact tests. Regarding
categorical data, Odds Ratio (OR) calculation was performed with a
95% confidence interval (95%CI), and the risk parameter was the
group of participants with ungual alterations and onychomycosis-
positive diagnosis. Numerical data are presented by the
mean #+standard deviation and median (25-75 percentile). The
association between markers with numerical distribution among those
with and without ungual alterations and onychomycosis-positive
diagnosis was carried out using the Mann-Whitney U-test or T-test
according to the normality of data. The numerical data normality was
evaluated considering three parameters: (i) analysis of the descriptive
measure of central tendency, (ii) graphic method (normal Q-Q plot,
Q-Q plot without tendency, and boxplot), and (iii) statistical test
method (normality tests), Kolmogorov—Smirnov and Shapiro-Wilk
tests. The alpha error value adopted was 0.05.

In the multivariable analysis, a binary logistic regression
model with the backward stepwise method was used. In the
regression model (multivariable analysis), the markers with a
p-value of <0.25 in the bivariate analysis were included. The
inclusion of markers with a p-value of <0.25 in the bivariate
analysis was based on the Wald test from logistic regression. More
traditional levels such as 0.05 can fail in identifying variables
known to be important (16-18). The response variable was the
onychomycosis-positive diagnosis. The multivariable analysis
included eight patients’ characteristics. The logistic regression
maodel presented the (i) B coefficient [including the SE (standard
error}], which for the constant was called intercept; (ii) the Wald
chi-square test and its significance; (iii) degrees of freedom (df)
for the Wald chi-square test; and (iv) Exp (B) which represents the
exponentiation of the B coefficient (OR) including its
95%CI. Before performing the statistical analysis, the markers
were tested for multicollinearity considering cutoffs of <0.1 for
tolerance and »10 for variance inflation factor. The alpha error
value adopted was 0.05.
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3 Results

This study included 151 patients on hemodialysis (Figure 1),
predominantly male individuals (#=79; 52.3%), white (n=101;
66.9%), residing in the urban area (n=118; 78.2%), and who had
completed elementary school (n==86; 57.0%) (Table 1). Systemic
arterial hypertension (n=138; 91.4%), diabetes mellitus (n=56;
37.1%), and obesity (n=20; 13.2%) were the main comorbidities
observed (Table 1).

Hemodialysis was associated, respectively, with secondary chronic
renal disease and systemic arterial hypertension (n=58; 37.9%),
systemic arterial hypertension and diabetes mellitus (n=33; 21.9%),
diabetes mellitus (n=19; 12.6%), glomerulopathy (n=12; 7.9%),
polycystic renal disease (n=9; 6.0%), nephritis (n==8; 5.3%), focal
segmental glomerulosclerosis (n=7; 4.6%), obstructive nephropathy
(n=4; 2.6%), and vasculitis (n=1; 0.7%).

Among the study participants, 70 (46.4%) showed ungual
alterations (Figure 1), and only 15 (9.9%) of those evaluated had used
some medication to treat onychomycosis, and out of them, only one
reported systemic use of the medication (Table 1). In the mycological
exam, 31 (44.3%) out of the 70 examined participants had a positive
result (Figure 1). According to the microbiological culture result, 8
(25.8%) participants presented T rubrum, 7 (22.6%) presented
T. mentagrophytes, 6 (19.4%) presented Scytalidium spp., 2 (6.5%)
presented Candida spp., 1 (3.2%) presented Rhodotorula spp., 1(3.2%)
presented Candida albicans, 1(3.2%) presented Penicillium marneffei,
and 1 (3.2%) presented T. rubrum and Rhodotorula spp. colony growth
(Figure 1). Three participants presented negative results in the culture
examination, and one did not allow the collection of material for the
examination (Figure 1).

For the patients on hemodialysis and with a positive result in the
fungal culture examination, the nail involvement severity score for the
majority of them was severe [23 out of 27 (85.2%)], and only 1 out of
27 (3.7%) and 3 out of 27 (1.1%) patients presented moderate and
mild scores, respectively. In addition, for those patients on
hemaodialysis, distal subungual onychomycosis occurred in 12 out of
27 (44.4%) patients, mixed pattern in 14 out of 27 (51.9%) patients,
and, white superficial onychomycosis in only 1 out of 27 (3.7%)
patients (Table 2).

In our data, the male sex was associated with the higher prevalence
of ungual alterations [43/70 (61.4%) vs. 36/81 (44.4%); OR=1.991
(95%CI=1.038 to 3.817)]; moreover, other markers such as race,
schooling, comorbidities, household location, and hemodialysis
period were not associated as risk factors (Table 3). Body mass index
did not show a statistically significant difference between the groups
of participants regarding the ungual alterations (p-value=0.174; 24.0
Kg/m® vs. 23.0 Kg/m?®) (Figure 2B). Patients on hemodialysis with
ungual alterations were older (p-value=0.050; 62.5years old vs.
56.0years old) (Figure 2A).

Among the markers evaluated in this study, those associated with
higher risk of onychomycosis were male sex [23/31 (74.2%) vs. 56/120
(46.7%); OR=3.286 (95%CI=1.362 to 7.928)] and obesity [8/31
(25.8%) vs. 12/120 (10.0%); OR=3.130 (95%CI = 1.150 to 8.521)]. At
the same time, patients with diabetes mellitus were more susceptible
to the onychomycosis attack [p-value=0.049; 16/31 (51.6%) vs. 40/120
(33.3%); however, OR was 2.133 (95%CI =0.959 to 4.648)] (Table 4;
Figure 3). Participants with onychomycosis-positive diagnosis
presented higher body mass index (p-value=0.003; 26.0 Kg/m? vs.
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TABLE 1 Markers evaluated in the study on patients on hemodialysis that were examined for the presence of enychemycosis.

Patients’ chara or mean + standard deviation; median (p25 to p75)
Female 72/151 (47.7%)
Male 79/151 (52.3%)
Race

White 101/151 (66.9%)
Black 20/151 (13.2%)
Pardo (mixed race) 24/151 (15.9%)
Asian 6/151 (4.0%)
Age (years) 57.64.+15.36; 60 (46 ta 70)
Body mass index (Kg/m?) 24.63+5.21;24 (22 to 28)
Schooling

Iliterate 13/151 (8.6%)
Elementary schaal 86/151 {57.0%)
High school 43/151 (28.5%)
Higher education 9/151 (6.0%)
Household location

Urban 118/151 (78.2%)
Rural 33/151 {21.8%)
Comorbidity

Systemic arterial hypertension 138/151 (91.4%)
Diabetes mellitus 56/151 (37.1%)
Obesity 20/151 (13.2%)
Cardiopathy 15/151 (9.9%)
Thyroidopathy 8/151 (5.3%)
Others 20/151 (13.2%)
Hemodialysis duration

<lyear 64/151 (42.4%)
>1year 87/151 (57.6%)
Individuals with ungual alteration

Yes 70/151 (46.4%)
No 81/151 (53.6%)
Previous medication treatment

Yes 15/151 (9.9%)
No 136/151 (90.1%)
Mycological exam result

Positive 31/70 (46.3%)
Negative 36/70 (53.7%)
Culture result®

Trichophyton rubrum {dermatophyte fungus) 9/31 (29.0%)
Trichophyton mentagrophytes (dermatophyte fungus) 7/31 (22.6%)
Scytalidium spp. (non-dermatophyte fungus) 6/31 (19.4%)
Candida spp. (yeast) 2/31 (6.5%)
Rhodotorula spp. (yeast) 2/31 (6.5%)
Candida albicans (yeast) 1/31 (3.2%)
Penicilliwm marneffei (dermatophyte fungus) 1/31 (3.2%)
Negative 3/31 (9.7%)
Refused (inconclusive) 1/31 (3.2%)

*One participant presented a positive result for T. rubrum and Rhodotorula spp. N, number of patients; p25, percentile 25%: p75, percentile 75%:; %, percentage; <, less than or equal to: »,
greater than.
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TABLE 2 Clinical type, nail involvement severity score, and number of dystrophic nails per patient on hemodialysis with a positive result in the fungal
culture examination.

10.3389/fmed. 20231268324

Culture result Microorganisms’ Clinical type Nail involvernent Dystrophic nails (N)
classification (hallux) severity score*
Candida albicans Yeast Distal subungual Severe 2
Candida spp. Yeast Mixed pattern Severe 6
Candida spp. Yeast Mixed pattern Severe 1
Penicillium marneffei Non-dermatophyte fungus Distal subungual Severe 4
Rhodotorula spp. Yeast White superficial Mild 8
Scytalidium spp. Non-dermatophyte fungus Mixed pattern Severe 10
Scytalidium spp. Non-dermatophyte fungus Distal subungual Severe 10
Scytalidium spp. Non-dermatophyte fungus Mixed pattern Severe 10
Scytalidium spp. Non-dermatophyte fungus Distal subungual Severe 1
Scytalidium spp. Non-dermatophyte fungus Mixed pattern Moderate 2
Scytalidium spp. Non-dermatophyte fungus Distal subungual Severe 9
Trichophyton mentagrophytes Dermatophyte fungus Mixed pattern Mild 3
Trichophyton mentagrophytes Dermatophyte fungus Distal subungual Severe 3
Trichophyton mentagrophytes Dermatophyte fungus Distal subungual Severe [
Trichaphyton mentagrophytes Dermatophyte fungus Distal subungual Severe 4
Trichophyton mentagrophytes Dermatophyte fungus Mixed pattern Severe 2
Trichophyton mentagrophytes Dermatophyte fungus Mixed pattern Severe 10
Trichophyton mentagrophytes Dermatophyte fungus Distal subungual Mild 2
Trichophyton rubrum Dermatophyte fungus Distal subungual Severe 4
Trichophyton rubrum Dermatophyte fungus Mixed pattern Severe 9
Trichophyton rubrum Dermatophyte fungus Mixed pattern Severe 4
Trichaphyton rubrum Dermatophyte fungus Mixed pattern Severe 10
Trichophyton rubrum Dermatophyte fungus Distal subungual Severe 5
Trichophyton rubrum Dermatophyte fungus Distal subungual Severe 2
Trichophyton rubrum Dermatophyte fungus Mixed pattern Severe 10
Trichophyton rubrum Dermatophyte fungus Mixed pattern Severe 9
:mﬂih:adamﬂa spp. Dermatophyte fungus + Yeast e Severe ¢

N, number of patients. *The onychomycosis severity was evaluated using the Onychomycosis Severity Index system. The score was obtained by multiplying the score for the area of
involvement (range, 0 to 5) by the score for the proximity of disease to the matrix (range, | to 5). Ten points were added for the presence of a longitudinal streak or a patch (dermatophytoma)
or for greater than 2 mm of subungual hyperkeratosis. Mild onychomycosis corresponds to a score of 1 through 5; moderate, 6 through 15; and severe, 16 through 35 (15).

23.0 Kg/m?) (Figure 1B). Age did not show a statistically significant
difference between the groups of participants regarding the
onychomycosis diagnosis (p-value=0.073; 66years old vs. 58years
old) (Figure 4A).

The multivariable model using the logistic regression (backward
maodel) was able to predict (81.5%) the onychomycosis-positive
diagnosis (chi-square=27.73; degrees of freedom=5; p-value <0.001;
R* Nagelkerke=0.263) (Table 5). The older age [OR=1.036; 95%
CI=1.004 to 1.069], male sex [OR =5.746; 95%CI=2.057 to 16.046],
and presence of obesity [OR=4.800; 95% CI=1.435 to 16.055] were
positive and significant in predicting the onychomycosis-positive
diagnosis (Table 5).

Some clinical phenotypes of onychomycosis in the patients on
hemodialysis included in the study are presented below (Figure 5); in
addition, an overview of our study protocol and main findings are
presented in Figure 6.

Frontiers in Medicine

4 Discussion

Patients with chronic renal disease on hemeodialysis presented
a high risk of developing onychomycosis when compared to the
general population. Most of the patients evaluated in this study
were male individuals, and the comorbidities frequently
associated with these patients on hemodialysis were systemic
arterial hypertension, diabetes mellitus, obesity, cardiopathy, and
tyroidopathy, while male sex and the presence of obesity and
diabetes mellitus were risk factors for onychomycosis. Among the
151 patients evaluated, 70 out of 151 (46.4%) showed ungual
alterations and, among them, 27 out of 70 (38.5%) obtained
positive direct mycological examination and culture. When
investigating the positive cultures, a predominance of
dermatophyte fungi was observed, followed by non-dermatophyte
fungi and yeasts, and the etiological agents were, respectively,
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FIGURE 2
Asscciation of ungual alterations in patients on hemodialysis in
relation to age (years) (A) and body mass index (B). An alpha error of
0.05 was adopted in both analyses. The statistical analysis was
carried out using the Mann-Whitney U-test or T-test according to
the mormality of data.
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T rubrum, T. mentagrophytes, P marneffei, Scytadilium spp.,
Candida spp., Rhodotorula spp., and C. albicans.

In the literature, a review was carried out aiming at determining
the prevalence of onychomycosis in high-risk patients, that is,
children, older individuals, patients with diabetes mellitus,
individuals with psoriasis, HIV+, individuals with renal transplant,
and those on hemodialysis. Out of the patients evaluated, 109
patients were on hemodialysis and the most common
onychomycosis presentation was the distal-lateral subungual, while
the most prevalent etiological agents were filamentous and
dermatophyte fungi, while yeast prevailed in the elderly, patients
with diabetes mellitus, and individuals with psoriasis. Older
patients with diabetes mellitus, psoriasis, HIV+, on hemodialysis,
and with renal transplants showed high onychomycosis prevalence.
Reports were found describing that the factors that might influence
these results are damaged immunity, reduced peripheral circulation,
and ungual dystrophy (11).

In our data, we identified P marneffei in one patient on
hemodialysis, which is an opportunistic fungal species mainly for
immunocompromised patients, such as HIV+ patients, and can

TABLE 3 Association b 1 markers 1 d in the study and risk of ungual alterations in patients on hemodialysis of a tertiary hospital.
Marker Group Positive Negative Total P-value OR 95%Cl
Sex Male 43 (51.4%) 36 (44.4%) 79 (52.3%) 0.050* 1.991 1.038 to 3.817

Female 27 (38.6%) 45 (55.6%) T2 (47.7%) 1 Reference
Race White 48 (68.6%) 53 (65.4%) 101 (66.9%) 0.543" 1.153 0.583 to 2.278
[ Pardo (mixed race) 12 (17.1%) 12 (14.8%) 24 (15.9%) 1.190 0.497 to 2.848
Black 9(12.9%) 11 (13.6%) 20(13.2%) 0939 0,365 to 2.417
Asian 1(1.4%) 5(65.2%) 6 (4.0%) 0222 0.005 to 2.056
Schoaling Tliterate 7 (10.0%) 6(7-4%) 13 (8.6%) 0.270¢ 1389 0.444 to 4.346
[ Elementary school 44 (62.9%) 42 (51.9%) §6 (57.0%) 1571 0.819 to 3.016
[ High school 17 (24.3%) 26 (32.1%) 43 (28.5%) 0679 0.331 to 1.392
Higher education 2 (2.9%) 7 (8.6%) 9 (6.0%) 0313 0.031 to 1.721
Comaorbidities
Systemic arterial [ Yes 66 (94.3%) 72 (88.9%) 138 (91.4%) 0263 2053 0.541 to 9.563
hypertension . No 4(5.7%) 9({11.1%) 13 (8.6%) 1 Reference
Diabetes mellitus Yes 28 (40.0%) 28 (34.6%) 56 (37.1%) 0.504° 1262 0.651 to 2.446
No 42 (60.0%) 53 (65.4%) 95 (52.9%) 1 Reference
Obesity Yes 10 {14.3%) 10(12.3%) 20 (13.2%) 0812 1.183 0.462 to 3.034
. No 60 (85.7%) 71(87.7%) 131 (86.8%) 1 Reference
Cardiopathy Yes 7 (10.0%) 8(9.9%) 15 (9.9%) 1.000° 1014 0.348 to 2.952
No 63 (90.0%) 73 (90.1%) 136 (90.1%) 1 Reference
Thyroidopathy Yes 6 (8.6%) 2(2.5%) #(5.3%) 0.145° 3673 0.629 to 38.41
. No 64 (91.4%) 79 (97.5%) 143 (94.7%) 1 Reference
Other comorbidities [ Yes 11 {15.7%) 9({11.1%) 20 (13.2%) 0474 1492 0.579 to 3.840
No 59 (84.3%) 72 (88.9%) 131 (86.8%) 1 Reference
Household location Urban 57 (81.4%) 61 (75.3%) 113 (78.1%) 0432 1438 0,655 to 3.155
Rural 13 (18.6%) 20 (24.7%) 33 (21.9%) 1 Reference
Hemaodialysis period [ <lyear 26 (37.1%) 38 (46.9%) 64 (42.4%) 0.251* 0669 0.348 to 1.284
. >1 year 44 (62.9%) 43 (53.1%) 87 (57.6%) 1 Reference

OR, Odds Ratio; 95%C1, 95% confidence interval; <, less than or equal to; », greater than. *Pearson!
0.05 was adepted in all analyses carried out.
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s chi-square test. *Fisher’s Exact test. Significant data are presented in bold. An alpha error of
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TABLE 4 Association between markers evaluated in the study and risk of onychomycosis-positive diagnosis in patients on hemodialysis of a tertiary

hospital.
Marker Group Positive Negative Total P-value OR 95%Cl
Sex Male 23 (74.2%) 56 (46.7%) 79 (52.3%) 0.008* 3.286 1.362 to 7.928
Female 8 (25.8%) 64 (53.3%) 72 (47.7%) 1 Reference
Race White 22 (71.0%) 79 (65.8%) 101 (66.9%) 08258 1269 0,536 to 3.005
I I Pardo (mixed race) 5(16.1%) 19 (15.8%) 24(15.9%) 1022 0.349 to 2.996
Black 4(12.9%) 16 (13.3%) 20(13.2%) 0.963 0217 to 3.330
Asian 0 {0.0%) 6 (5.0%) 6 (4.0%) NA NA
Schooling Hliterate 3{9.7%) 10 (8.3%) 13 (8.6%) 0.795 1177 0.195 to 4.994
I [ Elementary school 20 (64.5%) 66 (55.0%) 86 (57.0%) 1488 0.656 to 3.374
[ High schoal 7 (22.6%) 36 (30.0%) 43 (28.5%) 0.681 0269 to 1.721
Higher education 1(3.2%) 8(6.7%) 9 (6.0%) 0.469 0.010 to 3.732
Comorbidities
I Systemic arterial [ Yes 30 (96.8%) 108 {90.0%) 138 (91.4%) 0.3068 3314 0455 to 1472
hypertension - No 1(3.2%) 12 (10.0%) 13 (8.6%) 1 Reference
Diabetes mellitus Yes 16 (51.6%) 40 (33.3%) 56 (37.1%) 0.049° 2133 0.959 to 4.748
No 15 {48.4%) 80 (66.7%) 95 (62.9%) 1 Reference
Obesity Yes 8(25.8%) 12 (10.0%) 20(13.2%) 0.027 3.130 1.150 to 8.521
No 23 (74.2%) 108 {90.0%) 131 (56.8%) 1 Reference
Cardiopathy Yes 1(3.2%) 14(11.7%) 15 (9.9%) 0.141° 0254 0.006 to 1803
No 30 (96.8%) 106 (88.3%) 136 (90.1%) 1 Reference
Thyroidopathy Yes 4(12.9%) 4(3.3%) 8(5.3%) 00568 4241 0.741 to 24.32
Mo 27 (87.1%) 116 (96.7%) 143 (94.7%) 1 Reference
I Other comorbidities [ Yes 7 (22.6%) 13 (10.8%) 20(13.2%) 0082 2401 0.866 to 6.657
No 24 (77.4%) 107 (89.2%) 131 (86.8%) 1 Reference
Household location Urban 26 (43.9%) 92 (76.6%) 118 (78.1%) 0387 1583 0,556 to 4.506
Rural 5(16.1%) 28(23.3%) 33(21.9%) 1 Reference
I Hemodialysis period | <1year 9(29.0%) 55 (45.5%) 64 (42.4%) 0068 0484 0.206 to 1.136
> year 22 (71.0%) 65 (54.2%) 87 (57.6%) 1 Reference

NA, not applicable: OR, Odds Ratio; 95%CL, 95% confidence interval; £, less than or equal to; », greater than. *Pearson’s chi-square test. *Fisher's exact test. Significant data are presented in

bold. An alpha error of 0.05 was adopted in all analyses carried out.

cause the penicilliosis disease (19, 20). This disease was first
identified in Thailand and Southeast Asia, and it affects the skin,
mucosa, lungs, pleura, lymph nodes, central nervous system, and
bone marrow, and the risk increases with exposure to soil (21, 22).
This disseminated fungal infection causes high morbidity and
mortality (19). This fungus is uncommon in onychomycosis and
immunocompetent patients in the general population, and it was
first described by Gupta (23) in a 60-year-old man who had
onychomycosis diagnostic in the fingernail, and the only risk factor
was gardening. To the best of our knowledge, this infection has
never been described in Brazil (24).

The incidence of superficial fungal infections is related to genetic
susceptibility, family background (25, 26), and environmental factors
such as moist, wearing shoes, excessive sweat, and cross-contamination
by other contaminated individuals and contaminated objects and
surfaces (27). These factors associated with low immunity predispose
the individual to onychomycosis development. Chronic renal disease
tends to occur simultaneously with high uremia, which increases

Frontiers in Medicine

oxygen-reactive species, leading to oxidative stress (28). In addition,
patients on hemodialysis show a higher pro-inflammatory response
occurring  with increased expression of polymorphonuclear
neutrophils of the TRL2 (Toll-like Receptor 2) and TRLA (Toll-like
Receptor 4) receptors of monocytes. They also decrease the number
and function of dendritic cells reducing the innate immunologic
system expression, in addition to harming the adaptive immunologic
system with a reduction in the number and function of T CD4+
(cluster of differentiation 4) and CD8+ (cluster of differentiation 8)
cells as well as B cells. Thus, renal function loss reduces the
effectiveness of the immunologic system and creates a
pro-inflammatory environment with important consequences such as
endothelial dysfunction, systemic inflammation, and predisposition
to infections, including fungal infections (29).

Male sex is considered a risk factor for the development of
onychomycosis in patients on hemodialysis (10, 11, 13) and in the
general population (30-33); men present approximately 2.99 more
chances of acquiring fungal infection when compared to women (34).
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difference between groups and with a significant 95%Cl which included one.
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Odds ratio (OR) and 95% confidence interval (S5%CI) for the association between markers evaluated in the study and risk of onychomycosis-positive
diagnosis in patients on hemodialysis of a tertiary hospital. *, the OR was not imputed because no patient was classified as Asiatic in the group of
onychomycosis- positive diagnosis. The red color represents the markers (gender and obesity) with a statistical significance difference between groups
and with a significant 953 CI which did not include one. The orange color represents the marker (diabetes mellitus) with a statistical significance

However, despite the several reports in the literature addressing its
predominance in male patients, there is no consensus about the
explanation for this fact. It might be associated with immunity
reduction and genetic and environmental factors, as previously
mentioned. Moreover, women seek medical assistance to solve skin
problems more often than men, which might modulate the
onychomycosis prevalence according to gender (35). There are reports
about Trichaphyton spp. and Microsporum spp. presenting cytosolic
proteins specifically and with great affinity to progesterone, which in
turn inhibits the growth of dermatophyte fungi in a dose-dependent
manner since anthropophilic species respond better to steroids than
geophilic species (36).
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Diabetes mellitus is considered one of the main risk factors for
onychomycosis among patients on hemodialysis (3, 10, 12, 13) and
among the general population (7, 37-40). As described by Lamb et al.
(13), patients with diabetes mellitus show 88% more risk of acquiring
onychomycosis than those without that disease, and these data
confirm the findings reported by Gupta et al. (34), who reported that
the risk of a diabetes mellitus patient acquiring onychomycosis is 2.77
higher than that of the general population. This value is even higher
in male patients with diabetes mellitus (~2.99 times). In this study, the
onychomycosis severity was also related to the time of duration of the
diabetes mellitus (34). Gupta et al. (34) reported other factors related
to onychomycosis, the presence of this disease in the family
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background is among them along with the use of immunosuppressive
therapy, reduction or absence of the foot dorsal artery and the
posterior tibial artery pulse, and capillary filling and ankle-brachial
pressure index reduction (34). The neuropathy associated with
diabetes mellitus reduces skin sensitivity; thus, small traumas might
remain unnoticed and when not cured, they might remain a point of
entry for infections. This is associated with immunity reduction and
microangiopathy results among other complications in the
development of onychomycosis (41). Moreover, a neuroischemic foot
increases the prevalence of onychomycosis (42).

Obesity is a risk factor for onychomycosis (37, 38, 43, 44)
representing one of the most predominant factors for this disease (15);
moreover, the increases in body mass index and the persistent
overweight has increased the incidence of onychomycosis (16).
According to Gulcan et al. (47), the association of excess fat tissue
accumulation, which alters the local microvasculature and causes
more sweating, also creates favorable conditions for fungal infections
(47). Moreaver, some authors reported an association between the
presence of onychomycosis in adult patients with the coexistence of
risk factors such as obesity and diabetes mellitus (43, 45).
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FIGURE 4
Association of onychomycosis-positive diagnosis in patients on
hemodialysis in relation to age (years) (A) and body mass index (B).
An alpha error of 0.05 was adopted in both analyses. The statistical
analysis was carried out using the Mann-Whitney U-test or T-test
according to the normality of data.
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Hemodialysis duration as a risk factor for onychomycosis is not
well established in the literature, and our study revealed that it is not
a risk factor, which agrees with some previous studies (10, 13);
however, other studies do not agree with these data (12).

According to the etiological agents found in this study and other
reports in the literary review, dermatophyte fungi were the most
prevalent, followed by non-dermatophyte fungi and yeasts (8, 9).
Lamb et al. (13) reported dermatophyte fungi (69.2%) as the main
cause, followed by non-dermatophyte fungi (15.4%) and yeast (15.4%),
and the main fungi found in the cultures were T. interdigitale (n=12),
Candida spp. (n=6), and T. rubrum (n=4). Filho et al. (10) reported
dermatophyte fungi (80.3%) as the main cause, while yeast (18%)
appeared as the second main cause, and the minority of cases was
associated with non-dermatophyte fungi (1.6%). The main etiological
agents found in the culture were T. rubrum (39.1%), C. parapsilosis
(30.4%), and T. mentagrophytes (21.7%) in patients on hemodialysis.
Kuvandik et al. (12) also found dermatophyte fungi (86.7%) as the
main cause associated with onychomycosis, followed by
non-dermatophyte fungi (13.3%). However, yeast was not identified,
and the positive cultures presented mainly T rubrum (9.2%) and
T. mentagrophytes (1.8%) species (12). The positive culture result in
this study incduded dermatophyte fungi T rubrum (29%),
T.  mentagrophytes (22.6%), and P marneffei (3.2%), the
non-dermatophyte fungi Seytalidium spp. (19.4%), and the yeasts
Candida spp. (6.5%), Rhodotorula spp. (6.5%), and C. albicans (3.2%),
and these values agree with other studies that reported fungi T. rubrum
and T. mentagrophyles as the main dermatophyte fungi and Candida
spp. as the main cause among yeasts (8, 10, 12).

This study has some limitations, for example, the low number of
participants, the inclusion of only one research center, the
identification of the agents causing onychomycosis restricted to the
direct microbiological and culture exams, and patient data collected
using interviews and medical records. In our study, it was not possible
to assess the presence of onychomycosis before hemodialysis. The
population that was included belonged to the low-income class, and
all participants were evaluated, free of charge, upon inclusion in the
study. After inclusion, all patients with nail alterations, mainly with
onychomycosis, are being followed up and, with the results of the
study, we intend to implement routine follow-up of these patients by
a dermatologist. In addition, the literature presents few studies on this
theme, which hampers the comparative analysis of the epidemiological

TABLE 5 Multivariable analysis to determine the association between markers evaluated in the study and risk of onychomycosis-positive diagnosis in

patients on hemodialysis of a tertiary hospital.**

Markers B SE Wald df P-value Odds ratio 95%:ClI

Age (years) 0.035 0.016 4854 1 0.028 1.036 1.004 to 1.069

Sex (male) 1.748 0.524 11.135 1 0.001 5.746 2057 to 16.046

Comorbidities {yes)

Obesity 1569 0616 6483 1 0011 4.800 L.435 to 16.055
I Cardiopathy =1.941 1118 37 1 0082 0.144 0.016 to 1.283
I Thyroidopathy 1L.633 0.887 3391 1 0066 5121 0.900 to 29,132
I Constant =4 757 L1z 18314 1 <0.001 0.009

SE, standard error; 95%CI, 95% confidence interval; df, degrees of freedom. In the multivariable analysis, it was used the binary logistic regression model with the backward stepwise method.
Significant data are presented in bold. An alpha ervor of 0.05 was adopted in all analyses carried out. *Markers included in step one: age, gender, comorbidities (obesity, cardiopathy,
thyroidopathy, and other comorbidities), and hemodialysis period. *It was included in the regression model (multivariable analysis) the markers with a p-value of £0.25 in the bivariate

analysis (Table 4).
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FIGURE 5
Presentation of different phenotypes associated with onychomycosis in patients on hemodialysis. (A) Candida albicans (yeast). (B) Trichophyton
rubrum (dermatophyte fungus). (C) Scytalidium spp. (non-dermatophyte fungus). (D) T_ rubrum (dermatophyte fungus) and Rhodotorula spp. (yeast).
(E) Candida spp. (yeast). (F) Trichophyton mentagrophytes (dermatophyte fungus).
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FIGURE 6
Graph summary. Scheme of the study protocol and main findings including the Odds ratio (OR) and 95% confidence intervals for the risk factors of
ungual alterations (gender) and onychomycosis (age, gender, and obesity) in patients on hemodialysis. *, one participant presented a positive result for
Trichophyton rubrum and Rhodotorula spp.
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profile associated with onychomycosis in patients on hemodialysis
with other studies.

5 Conclusion

In our study, onychomycosis in patients on hemodialysis was
associated with a great variety of microorganisms, mainly
Trichophyton species, and the main risk factors associated with this
infection are male sex, older age, and the presence of obesity. The
main fungi associated with onychomycosis in patients on
hemodialysis were the dermatophyte fungi (T. rubrum and
T. mentagrophytes), followed by non-dermatophyte fungi
(Seytalidium spp.), and yeast. The nail involvement severity score for
the majority of patients was severe, and distal subungual
onychomycosis and mixed pattern onychomycosis were the most
prevalent clinical types. Since this fungal infection can provoke
drastic consequences such as amputation in patients on hemodialysis
and a social constraint factor, it is important to evaluate the
treatment of this condition to improve their quality of life.
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Abstract

Introduction: Onychomycoses are nail infections caused by dermatophyte fungi, non-dermatophyte fungi and
yeast.Patients with chronic kidney disease on dialysis are part of the population that presents higher rates of this
disease, mainly due to immunosuppression. Among patients with chronic kidney disease on dialysis, the treatment
ofonychomycosis is complex, mainly due to the limitations imposed by comorbidities. In this context, the study
evaluatedthe safety and potential efficacy of a treatment that combines nail debridement with the use of acrylic gel
nails carryingterbinafine at a concentration of 2%. Methods: Patients from the Hemodialysis Center of the Sédo
Francisco de Assis University Hospital in BragancaPaulista, S8o Paulo, Brazil were included. Those had hallux
onychomycosis with clinical forms whose treatmentinvolved the need for nail debridement. After the
debridement procedure, a nail prosthesis made with acrylicreconstruction gel and 2% terbinafine was applied.
The procedure was renewed every two weeks (~14 days) for 11months. The evolution was monitored with
measurements of the normal-appearing nail plate and photographs. Directmycological examination and fungal
culture were performed at the beginning of the study and 30 days afterapplications were interrupted. Assessment of
clinical response, clinical cure, mycological cure, and complete cure wasperformed at the end of the study. All
participants answered a questionnaire about their perception of the treatment. Results: Out of the 155 patients,
64/155 (41.3%) individuals were identified with symptoms suggestive ofonychomycosis in the halluces after
clinical analysis. Among them, 35/64 (54.7%) individuals presented a positivedirect mycological examination and
underwent fungal culture to identify the etiological agent. In this group of patients,24/35 (68.6%) individuals who
presented clinical forms whose treatment involved the need for nail debridement wereselected. Only 15/24 (62.5%)
individuals completed the study. Among the study participants, 5/15 (33.3%) stillpresented positive fungal
culture in the presence of a negative direct mycological examination and 1/15 (6.7%)presented a positive direct
mycological examination, but with a negative culture. Among those with a positive fungalculture, 3/15 (20.0%)
participants presented microorganisms different from those isolated in the initial exams.Regarding cure, 5/15
(33.3%) participants showed a clinical response, 4/15 (26.7%) clinical cure and 3/15 (20.0%)complete cure. No
patient presented an allergic reaction or local irritation caused by the material used in the treatment. There were
accidental superficial ulcerations caused by the electric sandpaper; however, no wound developedsecondary
infection. No participant reported discomfort due to the nail prosthesis use, 3/15 (20.0%) reported a feelingof
discomfort caused by the vibration of the electric file and 12/15 (80.0%) reported the perception that their nails had
a better appearance during treatment. Conclusion: The application of 2% terbinafine in acrylic reconstruction gel
for the manufacture of nail prostheses applied after debridement of moderate and severe forms of onychomycosis
showed low efficacy as an isolated treatment in patients on dialysis due to chronic kidney disease. On the other hand,
most patients had a good perceptionof the appearance of their nails during treatment, even when it did not result in

apparent clinical improvement or complete cure.

Keywords: Antifungal. Nail plate debridement. Kidney dialysis. Clinical trial. Microbiology. Onychomycoses.

Terbinafine.
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1. Introduction

Onychomycosis is a term that encompasses all forms of fungal infections in the nails and presents signs
and symptoms similar to other pathological conditions, requiring, for this reason, a complementary examination to
detect the fungus presence and establish a definitive diagnosis [1,2]. Due to the slow growth of the nail plate, the
treatment is long lasting and expensive [1,2]. The most common etiological agents are dermatophyte fungi (~70%
of cases), mainly from the genus Trichophyton, which has two species of greater epidemiological importance — T.
rubrum and T. mentagrophytes [3—-6]. Non-dermatophyte filamentous fungi are responsible for ~20% of the cases,
and the most common species are Scopulariopsis brevicaulis, Aspergillus spp., Acremonium spp., Fusarium spp.,
Alternaria alternate and Neoscytalidium spp. [3-6]. Also, yeast of the genus Candida are responsible for 10-20%
of this diseasecases [3-6]. The clinical forms of onychomycosis are classified according to the pattern of nail
invasion, as white superficial, distal/lateral subungual, proximal subungual and endonyx [1,2,5]. There is also a
mixed pattern, when more than one clinical type is found in the same nail [1-3,5,7]. Finally, the total dystrophic
pattern occurs when the nail plate is seen to be extensively and seriously destroyed and dystrophic, corresponding
to the advanced state of theother clinical forms [1-3,5,7]. Commonly, toe nails are more frequently affected than
finger nails [8].

The onychomycosis treatment is hampered by the impermeable nature of the nail, a characteristic ascribed
todisulfide bonds and hydrogen bonds within the keratin network, making the nail plate a difficult biological barrier
to overcome [9,10]. Fungi have the ability to form a biofilm on the nail plate, leading to the development of
resistance against antifungal agents and providing protection against the immune system [11,12]. Therefore,
personalized treatment should be administered based on the nail involvement extent, infecting organism, presence
of comorbiditiesand the simultaneous use of other medications, due to the risk of drug interactions and adverse
effects [1,13-15].

Systemic treatment of onychomycosis is recommended as an initial approach when the nail matrix is
involved, if three or more nails are simultaneously affected, in the presence of dermatophytoma, subungual
hyperkeratosis greaterthan 2 mm and in the total dystrophic form [2,13,14]. Terbinafine is widely known as the
most efficient systemic medication to treat onychomycosis [16]. This medication inhibits the cytochrome P450
(CYP450) 2D6 (CYP2D6) system pathways, with relatively low risks of drug interactions and generally negligible
adverse effects [16-18]. On the other hand, itraconazole, the second most effective systemic drug, inhibits the
CYP450 P3A4 (CYP3A4) system and has the potential to interfere with the metabolism of several other
medications, such as statins, immunosuppressants, anticonvulsants, coumarins and antiretrovirals [19-21].
Moreover, itraconazole has the potential to cause QT prolongation, torsade de pointes, heart failure and
rhabdomyolysis, [17,22,23]. In Brazil, fluconazole is the most commonly prescribed medication for the treatment
of onychomycosis, however, its use is considered off- label in the United States of America [24,25]. Fluconazole
inhibits the CYP3A4 and P2C9 (CYP2C9) systems of CYP450, thus interacting with other drugs that are
metabolized through these pathways [26]. The most frequently reported adverse reactions include nauseas,

vomiting, diarrhea, headache, and skin rash [27]. The occurrence of hepatotoxicity, QT prolongation, and the
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Stevens-Johnson syndrome is sometimes reported [27,28].

Topical antifungals rarely exhibit adverse effects and have negligible systemic absorption [13,24,29,30].
However, its use as monotherapy is limited to superficial white onychomycosis and less severe clinical
manifestations, in which less than 80% of the nail plate is affected, in clinical forms in which there is no involvement
of the lunula, orwhen systemic antifungals are contraindicated [17,24]. This is the most recommended presentation
to treat older patients, children, pregnant women and patients with chronic kidney disease undergoing renal
replacement therapy, even though its effectiveness is associated with low rates of complete cure [17].

The most recommended topical antifungal agents for the treatment of onychomycosis are ciclopirox
olamineand amorolfine in the form of lacquer and, to a lesser extent, tioconazole solution [13,14,24,30,31]. Drugs
such as efinaconazole, tavaborole and luliconazole are alternative medicines in the form of solutions, but they are
still not available in many countries, including Brazil [13,14,24,30,31]. Nail debridement is considered an adjuvant
form of topical therapy that aims to reduce the fungal mass and favor the penetration of medications into the deeper
layers of the nail bed [32-34]. Nail debridement is mainly indicated in the presence of dermatophytoma or nail plate
hyperkeratosis [33,35]. Such procedure is carried out through several mechanisms, including: a) cutting part of the
nailthat is detached from the nail bed; b) mechanical abrasion of the nail plate using water sandpaper, and c)
chemical debridement applying urea-based formulations followed by occlusion [36,37]. Total nail avulsion is
avoided due to thepotential damage to the nail matrix, which can result in permanent dystrophy. In cases where nail
debridement is necessary, the nail bed is unprotected and the aesthetic problem remains, in addition, there is a loss
of counterpressurein the nail bed, which can lead to increased lateral growth of the nail plate, thus the use of
prosthetic nail is recommended [36,37]. Different types of therapy can be associated according to the needs of each
case, aiming to improve the treatment effectiveness, especially in cases that are not responsive to monotherapy or
with severe clinicalphenotypes [38].

The main risk factors for the occurrence of onychomycosis include hyperhidrosis, use of public showers,
useof closed shoes, micro trauma caused by footwear, tinea pedis, morphologically altered nails, psoriasis,
peripheral vascular disease, obesity and situations involving some immunological deficiency such as diabetes
mellitus, advancedage, malignancies, chemotherapy, acquired human immunodeficiency syndrome, transplants and
hemodialysis [1,6,34,39-45]. Dialysis chronic kidney disease is associated with an immune deficiency related to
uremia and increased oxidative stress that affects the innate and adaptive immune systems in ways similar to
premature aging [46—48]. The biological age of the T cell system of patients with chronic kidney disease on dialysis
is approximately 20 years ahead of their chronological age, with a reduction in the production of naive T cells, an
increase in the number of memory T cells and changes in the compartment of regulatory T cells [49-51]. In the
same context, there is a reduction in the proliferative response to antigenic stimuli and the expression of cell surface
markers that favor apoptosis [51]. The patient develops a pro-inflammatory state with the increase and activation of
innate immune systemcells, such as monocytes and granulocytes, however, with compromised functionality [52].
On the other hand, a reduction in the quantity and functionality of dendritic cells present in the skin and circulation
is observed [53]. Therefore, the decline in renal function decreases the effectiveness of the immune system and
generates a pro- inflammatory milieu with notable consequences such as endothelial dysfunction, systemic

inflammation and susceptibility to infections, including fungal infections [6,41,45].
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In view of the challenges encountered in the treatment of onychomycaosis in patients with chronic kidney
disease on dialysis, we carried out a phase Il clinical trial that proposes cleaning and debridement of the affected
halluxnail, followed by the placement of a nail prosthesis molded with acrylic reconstruction gel containing
terbinafine at a 2% concentration, to obtain prolonged exposure of the tissues to the antifungal agent.

Simultaneously, this technique aims to protect the debrided nail bed and improve the nail aesthetic appearance.

2. Methods

2.1. Inclusion and Exclusion Criteria

Chronic renal dialysis patients undergoing treatment at the Hemodialysis Center of the S&o Francisco de
AssisUniversity Hospital in Braganga Paulista, Sdo Paulo, Brazil were selected to participate in the study. The
participantswere over 18 years old and had hallux onychomycosis whose treatment involved debridement of the
nail plate (dermatophytoma, subungual keratosis with a thickness of +2 mm or extensive onycholysis).

All patients at the Hemodialysis Center were initially evaluated through a clinical examination carried out
bya medical professional. Those who presented nail morphological abnormalities suggestive of onychomycosis in
the hallux underwent collection of nail fragments to perform a direct mycological examination and, subsequently,
an additional sample was obtained to perform fungal culture to identify the etiological agent.

The exclusion criteria included clinical forms of onychomycosis that did not require debridement, namely
white superficial onychomycosis, endonyx and mild distal subungual onychomycosis. Patients with secondary
onychomycosis, chronic mucocutaneous candidosis, individuals infected with the human immunodeficiency virus
and patients with psychiatric illness or reduced level of consciousness were also excluded. The criterion for
discontinuationwas the appearance of allergic or irritative contact dermatitis triggered by the material used in the
intervention. Participants were volunteers and signed an informed consent form before the start of the study. The
study wasapproved by the S&o Francisco University research ethics committee (n°® 59763022.8.0000.5514 —
Opinion n°064544/2022).

2.2. Study Protocol

Patients presenting dermatophytoma, subungual hyperkeratosis with a thickness of +2 mm or extensive
distal/lateral onycholysis underwent debridement of the affected nail plate by cutting with sterile nail pliers or
sandingwith an electric file with a disposable water sandpaper tip and /or sterile scissors/pliers, to reduce the extent
of the fungal mass to be treated. Next, a small disposable brush with plastic bristles was used to eliminate keratin
residue from the nail folds and, subsequently, the nail was cleaned using a 90% alcohol solution. Then, a layer of
acrylic gel containing 2% terbinafine was administered and molded into the desired shape using a brush dipped in
a mixture of acrylic monomers (Monomer) (Acrylic Liquid Honey Girl®, Lagoa Santa, Minas Gerais, Brazil) to

reconstitute the nail plate that was debrided, spreading a thin layer of acrylic gel over the remaining nail plate. After
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molding the nailprosthesis, the gel was exposed to an ultraviolet light-emitting diode (UV/LED) source at 48 W for
two minutes to solidify and polymerize the gel and the nail containing the nail prosthesis was cleaned with 90%
alcohol again. Finally,the nail prosthesis was polished with an electric file to obtain a uniform relief.

Participants were re-evaluated every two weeks (~14 days), with a new cleaning and filing of the nail
apparatus and a new application of the acrylic polymer containing 2% terbinafine. The process was carried out
thoroughly to avoid damaging the healthy nail plate. In cases where the growth of a thickened nail plate was observed,
with changes in color, or that was not adhered to the nail bed, the altered portion was again filed and/or trimmed before
a new prosthetic nail was applied.

All participants were monitored and underwent intervention for 11 months until the final evaluation. The
evolution was monitored through photographic records and measurement of healthy nail growth. At the end of the
proposed treatment period, a direct mycological examination and fungal culture were performed, and the images
werecompared.

The terbinafine used in the study was supplied by the Alquimia compounding pharmacy of Braganga
Paulista,S&o Paulo, Brazil and was mixed with acrylic gel at the S&o Francisco University Molecular Biology and
Genetics Laboratory, in Sdo Paulo, Brazil to obtain a concentration of 2% of the drug in the polymer.

The study complete protocol is shown in Figure 1.

2.3. Terbinafine availability Assessment

Terbinafine at a concentration of 2% was added to polymerized acrylic gel and applied to healthy human
nails. After seven days, the nails were cut and sent for laboratory analysis to evaluate the bioavailability of the drug.
The terbinafine was extracted from the nail by immersion in 100% acetonitrile, subjected to an ultrasound bath for
10min. The solvent was removed by nitrogen flow and the compound was resuspended in a solution containing
50% acetonitrile in water. The samples were quantified by mass spectrometry (triple quadrupole Xevo TQ-S, Waters
Co., Barueri, Sdo Paulo, Brazil) monitoring of the terbinafine corresponding ion (292.4 m/z), in positive mode,
using a method previously validated by the research center to confirm the presence of the compound in the treated
nail.

2.4. Onychomyecosis Patients’ Demographic Markers and Clinical Data

The study participants who were undergoing hemodialysis had data regarding age (years) and sex (male
and female) collected. Furthermore, due to the presence of a positive result in the fungal culture exam, the following
markers were also evaluated: a) clinical type, b) nail involvement severity score, and ¢) measurement of the nail
area.

The onychomycosis severity was assessed using the Onychomycosis Severity Index (OSI) system. The
finalscore was obtained by multiplying the area of involvement score (range 0 to 5) by the proximity of the disease
to the matrix score (range 1 to 5). Ten points were added for the presence of dermatophytoma, subungual
hyperkeratosis witha thickness of +2 mm or a longitudinal stripe. After measuring the scores, the hemodialysis
patients were classified into the following severity groups: a) mild onychomyecosis [score from 1 to 5], b) moderate

onychomycosis [score from 6 to 15] and c) severe onychomycosis [score from 16 to 35] [54].
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The nail plate area measurement was performed using the Image J, 1.47v image analysis software (NHI
Bethesda, MD, USA). Measurements were taken immediately after the first debridement and repeated monthly and
were used to evaluate the disease evolution. It seems relevant to observe that although debridement does not reduce
the affected area, the elimination of subungual hyperkeratosis and dermatophytomas results in an immediate
decreasein OSI.

2.5. Onychomycosis Patients’ Laboratory Markers

Before starting the treatment, the nail containing morphological changes was cleaned with 70% alcohol.
Afterthe cleaning procedure, nail fragments and subungual debris were obtained by scraping the region of
progression andconfluence of healthy and affected tissue and of clinically altered areas, using an aluminum spatula
and sterile nail scissors/pliers. The material obtained was deposited in sterile vials and sent to the clinical analysis
laboratory.

For direct mycological examination, the material was bleached with potassium hydroxide to degrade the
keratin and placed on a slide to visualize the fungal structures under an optical microscope. Analysis provided
information on morphology, but species identification could not be determined by the examination. Fungal culture
is considered the gold standard in onychomycosis diagnosis, as it allows the identification of the fungal species that
affect the patient and shows the fungus viability. This examination employs Sabouraud and Sabouraud
cycloheximide agar culture media. The culture is established between 20 and 25°C and the waiting time for growth
might reach four weeks.The identification of the fungal agent is carried out through macromorphology and culture
micromorphology analyses.

Direct mycological examination and fungal culture were carried out at the S8o Francisco de Assis
UniversityHospital clinical analysis laboratory in Braganc¢a Paulista, Sdo Paulo, Brazil, which is accredited by the
Brazilian Health Surveillance Agency for this type of examination. In our data, patients on hemodialysis were
considered to beaffected by onychomycosis when direct mycological examination and fungal culture showed
positive results.

2.6. Clinical Response Criteria

Cure criteria were established based on clinical progression and laboratory tests and were outlined as
follows: (clinical response) growth of 5 mm healthy nail, (mycological cure) negative direct mycological
examination andfungal culture, (clinical cure) completely normal appearance of the nail and (complete cure)
presence of clinical and mycological cure [55].

The participants' perception of nail involvement was assessed using an open questionnaire. At the
beginningof the treatment, the participants were asked about their foot care and nail hygiene habits. During the
biweekly procedures, the participants were asked whether they felt pain or discomfort during debridement and
placement of nailprostheses, as well as in the subsequent days. Additionally, they were asked if they noticed any

improvement in the appearance of their nails after starting treatment.
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3. Results

A total of 155 patients who were undergoing dialysis treatment during the study inclusion period were
screened through clinical examination carried out by a medical doctor. Among the individuals, 64/155 (41.3%)
patientspresented nail changes that were indicative of onychomycosis of the halluces. Then, fragments of the
affected nail were collected, and a direct mycological examination was performed with positive results in 35/64
(54.7%) of the individuals. All individuals with a positive direct mycological examination underwent a new
collection of material forfungal culture and the etiological agent was identified. Out of this group, 24/35 (68.6%)
individuals were indicated fordebridement according to the inclusion criteria (Figure 1). During the study period,
9/24 (37.5%) participants discontinued the follow-up for the following reasons: a) four participants died due to the
kidney disease complications,

b) three participants were transplanted and stopped attending the dialysis service, and c¢) two participants decided
not to continue in the study for personal reasons. Thus, 15 individuals completed the study protocol.

In the study, 5/15 (33.3%) participants were female and 10/15 (66.6%) were male. The mean age + SD

(standard deviation) of the participants was 66.6 + 12.3 years, ranging between 39 and 78 years. Initially,
the clinical type of hallux involvement was assessed, with the presence of a distal subungual pattern and a mixed
pattern observedin 9/15 (60.0%) and 6/15 (40.0%) study participants, respectively. All participants had a positive
direct mycological test and only three participants had a negative culture test. Among the participants with a mixed
pattern, the followingmycological profile was evidenced at the time of inclusion: i) Candida spp (1 case), ii) T.
rubrum (2 cases), iii) Trichophyton mentagrophytes (2 cases), and iv) Scytalidium spp (1 case). Regarding participants
who presented a distalsubungual pattern, the following mycological profile was observed at the time of inclusion:
Candida spp (1 case), ii)

T. rubrum (1 case), iii) T. mentagrophytes (2 cases), iv) Scytalidium spp (1 case), v) Penicillium marneffei (1 case),
and vi) negative exam (3 cases). Demographic data and microbiological profile at the time of inclusion are
summarizedin Table 1.

At the time of inclusion, 14/15 (93.3%) participants had an OSI system classified as severe and only 1/15
(6.7%) participant had a score classified as moderate (Table 1). After the intervention, there was a change in the
severity profile associated with the OSI system, with the participant initially classified as moderate OSI remaining
in that classification and, among those classified as severe, 4/14 kept the OSI classification as severe, 6/14 started
to be classified as moderate OSI, 1/14 were classified as mild OSI (with a degree of involvement below 10%) and
3/14 wereclassified as zero in the OSI system (clinical cure) (Table 1).

After the intervention period, the participants’ direct mycological examination result was negative in 14/15
(93.3%), and in one case there was the presence of yeast. The participant who presented the yeast had initially been
diagnosed as infected with Scytalidium spp. Regarding fungal culture, after the intervention, participants with an
initially negative result maintained the outcome profile. However, the remaining participants changed their
microbiological profile, except in two cases in which the presence of Candida spp and T. rubrum was observed in
bothmoments evaluated. Furthermore, in 7/15 cases the culture became negative (1 case of Candida spp, 1 case of

Scytalidium spp, 1 case of P. marneffei, 1 case of T. rubrum, and 3 cases of T. mentagrophytes), while in 3/15 cases
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there was a change in the etiological agent. The change occurred for participants who were initially classified as
infected by T. rubrum, Scytalidium spp and T. mentagrophytes and started to present Candida spp, P. marneffei and
Candida spp in their fungal cultures, respectively. The result of the microbiological profile after the intervention is
presented in Table 1.

Clinical response was described in 5/15 (33.3%) participants; however, mycological cure, clinical cure and
complete cure were described, respectively for 9/15 (60.0%), 4/ 15 (26.7%%) and 3/15 (20.0%) participants (Table
1). Regarding the clinical response, although all cases showed healthy nail growth (Figure 2A), the growth was
higherthan that recommended as a positive response (growth greater than 5 mm) in only five cases, among them, 5,
5.1, 5.2, 5.2- and 8.3-mm nail growth was observed, respectively, for PB, EFL, ER, VAC and ACS cases (Figure
2B). Clinicalresponse and cure rates were compared to values observed when using some systemic or topical drugs,
as described inTable 2.

In Figure 3 and Supplementary Material 1, two clinical cases are presented in which there was complete
cure. In the images, the sequence shows the nail affected by onychomycosis, the nail after debridement, the nail
containing the polymerized acrylic gel with 2% terbinafine and, finally, complete healing showing the nail without
signs of infectious agents through the clinical and laboratory analysis. Figure 4 summarizes the main findings of
the study.

No participant presented an allergic reaction or local irritation caused by the material used in the treatment.
There were superficial and accidental ulcerations caused by electric sandpaper. No wound developed secondary
infection. Participants responded to a questionnaire about their perception of onychomycosis and the treatment
development. At the beginning of the treatment, 7/15 (46.7%) participants reported difficulty in cutting their nails
dueto the hardness of the nail plate, even with the help of family members, 5/15 (33.3%) reported that they did not
have enough mobility to clean their feet or cut their nails, 4/15 (26.7%) reported that they did not see well enough
and weretherefore unable to clean their feet and cut their nails. No participant reported discomfort due to the use of
nail prostheses, 3/15 (20.0%) reported a feeling of discomfort caused by the vibration of the electric file, 4/15
(26.7%) reported that they felt embarrassed when wearing sandals due to the appearance of their nails before
treatment, 12/15(80.0%) reported the perception that their nails looked better during treatment, and 3/15 (20.0%)
claimed that they could not see their nails well enough to give an opinion.

We observed that in the gel in which terbinafine was inserted, the ion corresponding to the drug was detected,
both in MS1 mode, with an increase in total ion current (TIC) in the retention time corresponding to the terbinafine
standard, and in MS2 mode, in which the parental ion and its respective fragment were detected (291.30 m/z — 140.89
m/z). In the sample of a nail without the addition of terbinafine, used as a negative control, the presence of the ion
wasnot detected in any of the modes, and in MS, even with the presence of an 292.18 m/z ion, its fragment was not
visualized, therefore not corresponding to terbinafine. In a nail sample after seven days with terbinafine gel, the
292.25io0n was detected, as well as its 141.40 m/z fragment, confirming the presence of the drug under these analysis

conditions.
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4. Discussion

In this study, most participants presented mycological cure; however, clinical response, clinical cure and,
mainly, complete cure were infrequent. Furthermore, adverse effects associated with the treatment were not
observed,and it was well tolerated by all individuals. The participants also reported that the treatment presented
benefits in termsof self-esteem by promoting aesthetic improvements associated with the onychomycosis presence.

In the literature, onychomycosis is described as a prevalent condition among individuals subjected to
dialysis[6,25,41,43,44]. The renal function decline reduces the immune system effectiveness and generates a pro-
inflammatory milieu with the concomitant evolution to endothelial dysfunction, systemic inflammation and
susceptibility toinfections, including fungal infections [6]. In immunocompromised individuals, people with
diabetes mellitus, as wellas those with peripheral venous or arterial insufficiency, pedal onychomycosis assumes
greater importance, as it can act as a gateway for bacterial agents, leading to greater complications [56]. However,
this condition may go unnoticedor be underreported as a health problem by these patients, whose attention is mainly
focused on issues related to kidneydisease and other serious comorbidities.

The onychomycosis management presents some particularities in chronic kidney disease patients on
dialysis,as changes in immunity lead to an increased risk of becoming infected and developing more serious and
difficult-to- treat forms of the disease, while the most effective treatments to date are carried out with medications
for systemic use, which in the context of dialysis patients may require dose adjustments, present adverse effects and
drug interactions [1,4,13,17,25,29,30,34]. Terbinafine is considered the most effective drug. It is metabolized by
the liver, and 80% of the dose is excreted in urine and 20% in feces [16,57-59]. However, according to the literature,
there are no extensive studies guiding safely the use of oral terbinafine in chronic renal patients on dialysis.

Itraconazole, the second drug with the highest cure rates, undergoes hepatic metabolism and is a strong
CYP3A4 inhibitor [19,20,60,61], with ~54% of the dose excreted in feces and 35% in urine [62]. Itraconazole is
not eliminated by intermittent dialysis, but rather by continuous hemofiltration [63]. Fluconazole, another systemic
use drug, is widely used in Brazil, undergoes glomerular filtration and tubular reabsorption, with 60% to 80%
eliminated by the kidneys [27,62]. A single dose of fluconazole can be used in patients on dialysis without
adjustments, but for prolonged use, dose adjustments are required since a 4-hour hemodialysis session reduces plasma
levels by ~40% [64].

Regarding the use of topical medications, considering the insignificant systemic absorption and the very
lowrate of adverse effects, they would represent the ideal therapy for chronic kidney disease patients on
dialysis [5,14]. However, despite offering lower risk, they also present lower efficacy since they face the
challenge of permeating themail and reaching suitable concentrations in the nail bed [8,65,66]. In the context
of chronic renal patients on dialysis,there is also physical limitations such as visual impairment and mobility
issues, which might result in difficulties regarding the application of topical medication on toes.

Ointments and creams are easily removed in contact with water and are not suitable vehicles in the
onychomycosis treatment. Due to their occlusive properties, varnish, enamel, adhesive and films are able to increase
nail hydration and keep the antifungal in the desired site for longer, favoring the medication permeation

[10,10,29,66,67]. However, the cure indices using lacquer are still rather low [13,13,29,68,69]. Interestingly, these
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efficacy levels Regard the general population when clinical phenotypes of diverse severity are considered. In such
context, lower complete cure indices, such as those found in this study, must be evaluated considering the disease
etiology, the patient’s age, the immunosuppression level, the probability of adverse effects, the possibility of using
other medications and, mainly, the cure rates resulting from conventional treatments in the population of kidney
diseasepatients subjected to hemodialysis.

Several new strategies to promote nail permeation of drugs have been tested around the world. They are
systems of chemical nature, such as nanoparticles, microemulsions, hydrogels and liposomes [70-73]. Physical
methods such as iontophoresis, laser, and ultrasound have also been tested [13,74—77]. However, no method was
foundthat could tackle the problem in the short term [4,6,13,25,30], including from the aesthetic standpoint. Some
studies reported that harm to quality of life associated with onychomycosis affects more women than men, and might
in somecases generate embarrassment and social isolation [78-80].

Therefore, aiming to find an alternative for a immunocompromised population affected by severe forms of
onychomycosis and with systemic treatment limitations, a new method was designed that combines nail plate
debridement (required in these cases), with the application of a device that keeps contact between an antifungal
agentand the nail bed for a long period. At the same time, this device also protects the debrided nail bed, thus
improving thenail appearance. Subungual hyperkeratosis and prolonged onycholysis areas form a dead space where
moist, keratin remains, and external residue tend to accumulate, resulting in an environment that favors fungus
growth [81]. When debridement is carried out, the fungal mass decreases and the environment is changed [82].

Terbinafine was selected for this study for being a broad-spectrum antifungal with greater efficacy against
dermatophyte fungi, which are the most prevalent in the general population, as well as in the population selected
for the intervention [16,83]. Higher terbinafine concentrations in the acrylic gel resulted in a more porous and fragile
prosthesis consistency after polymerization, with consequent shorter fixation periods on the skin and nail plate, thus
facilitating removal. On the other hand, the addition of 2% terbinafine at to the acrylic reconstruction gel resulted in
a resilient nail prosthesis with satisfactory local fixation. We observed that even with a significantly reduced
remainingnail plate after extensive debridement, a nail prosthesis could be attached. When applied, the acrylic gel
adhered to thenail and nail bed, remaining that way for a variable period, depending on each patient’s characteristics
and habits. Overtime, the gel detaches, first from the nail bed, remaining attached only to the remaining nail plate.
Consequently, a dead space is once again formed between the prosthesis and the nail bed, creating an environment
similar to that observed during onycholysis, with the difference that the acrylic gel can be changed periodically and
the area corresponding to the dead space can be sanitized, preventing the biofilm formation.

Nail hydration plays a significant role in its permeability. The literature describes that the flow of water in
thefully hydrated nail plate is almost 6.5 times greater than in completely dry nails [84,85]. The gel contact with the
ungual plate increases its hydration degree, making it more flexible [86,87], and this effect favors the antifungal
permeation. However, increased moist also promotes an environment that favor the development of fungi [88]. In
addition to hydrophilicity, molecular weight, ionization status, and the ability to bond to the keratin are also factors
that affect the ability of the medication topically applied to permeate the nail [10,29,67,89]. This study observed
that,despite periodically repeating nail cleaning, most patients continued to present hyperkeratosis in the nail bed,

an indicator of fungal activity in the epithelium, despite the terbinafine presence in the reconstruction gel.
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The complete cure low efficacy as a result of the adopted treatment strategy can potentially be ascribed to
factors such as the low local bioavailability of terbinafine, the absence of substances that facilitate the permeation
of the active ingredient in the nail bed and nail plate and the increase in local humidity, which creates an environment
favorable to the growth of fungi. Host-related factors include immunodeficiency and limitations in maintaining
adequate foot hygiene. It seems relevant to mention that achieving clinical cure is not always possible, particularly
incases of severe onychomycosis, previous damage to the nail matrix due to trauma resulting in permanent effects,
secondary nail disease and immunosuppression [2,5,8,13].

The occurrence of growth of a microorganism different from that initially isolated in the culture after
treatmentwas observed in three patients. According to the literature, this fact can occur in mixed infections, with
the culture medium favoring the growth of one of the etiological agents, in this case, dermatophytes [90-92]. Thus,
the agent identified in the first culture might be suppressed for being more sensitive to the antifungal used in the
treatment, whilein the post-treatment culture, a co-infecting etiological agent can be identified. The use of molecular
methods to detect multiple agents is suggested as a solution [91,93]. However, in this study, only the direct
mycological examination andthe fungal culture were employed. Finally, one cannot completely rule out the
possibility of contamination in the clinical analysis laboratory.

The study limitations include the fact that molecular methods were not used to identify the etiological
agents.Furthermore, the number of participants was reduced, mainly due to the nature of the cases analyzed. The
patients’ difficulty to keep suitable hygiene of their feet might have interfered with the evolution and outcomes
observed. Despite the low cost of the materials and input used in the interventions, the protocol execution was quite
hard and time consuming, which might make the procedure less accessible for routine treatment use. Moreover, the
study population involves a complex phenotype to be considered regarding the onychomycosis management,
namely, the severity of the kidney disease, commonly associated with countless comorbidities, age group (most
patients in the study were older individuals), immunosuppression and genetic and environmental factors.

5. Conclusion

The addition of terbinafine to acrylic reconstruction gel for the manufacture of nail prostheses applied after
debridement of moderate and severe forms of onychomycosis showed low efficacy as an isolated treatment in
patientswith chronic kidney disease on dialysis. On the other hand, most patients had a good perception of the
appearance of their nails during treatment, even when it did not result in a therapeutic response or clinical cure. In
future experiments, debridement and occlusion with the nail prosthesis may eventually be associated with
formulations that combine antifungal medication with substances that facilitate nail and skin permeation that can be
deposited between the prosthesis and the nail bed, and/or substances capable of reducing the local moist, making

the nail bed a more hostile environment for fungal growth.
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Table 1. Description of the onychomycosis characteristis in chronic kidney patients on dialysis and outcomes observed in relation to the treatment of onychomycosis of hallux after
debridement and application of acrylic polymer with 2% terbinafine.

Inclusdo no estudo Apbs intervencgdo — concluséo do estudo

. Age - — —
Participant Sex a - . . Direct b Clinical Clinical Complete
(years) Fungal culture Clinical Type  OSI (points) OSI (points) Mycological® Fungal culture Fesponses  cures cure
ABS M 67 Trichophyton rubrum Distal sunbungual ~ Severe (35)  Moderate (9)  Negative  Trichophyton rubrum No No No
ACS M 68 Trichophyton rubrum Mixed pattern Severe (35) 0 Negative Candida spp Yes Yes No
DPzZ M 40 Negative Distal sunbungual ~ Severe (26) Moderate (16)  Negative Negative No No No
EFL M 67 Trichophyton rubrum Mixed pattern Severe (19) 0 Negative Negative Yes Yes Yes
EAG M 64 Scytalidium spp Mixed pattern Severe (35) Moderate (9)  Negative  Penicillium manarffei No No No
ER M 69  Trichophyton mentagrophytes Distal sunbungual  Severe (35) 0 Negative Negative Yes Yes Yes
JPM M 71 Trichophyton mentagrophytes Distal sunbungual — Severe (19)  Moderate (6)  Negative Negative No No No
JAR F 70 Candida spp Distal sunbungual  Severe (25) Moderate (14)  Negative Negative No No No
LS M 71  Trichophyton mentagrophytes  Mixed pattern Severe (35) Moderate (15)  Negative Candida spp No No No
MR F 47 Negative Distal sunbungual  Severe (26) Severe (19) Negative Negative No No No
NB M 78 Negative Distal sunbungual Moderate (14) Moderate (6)  Negative Negative No No No
PB M 45 Trichophyton mentagrophytes ~ Mixed pattern Severe (35) Moderate (12)  Negative Negative Yes No No
REA F 62 Scytalidium spp Distal sunbungual ~ Severe (35) Severe (35) Yeast Negative No No No
SAN F 45 Candida spp non albicans Mixed pattern Severe (35) Severe (25) Negative Candida spp No No No
VAC F 47 Penicillium marneffei Distal sunbungual  Severe (35) Leve (4)* Negative Negative Yes Yes Yes

M, male; F, female; 2, all participants in this study presented positive direct mycological exam at the time of inclusion. The direct mycological and fungal culture exams were carried
out at the S&o Francisco de Assis University Hospital clinical analysis laboratory in Braganga Paulista, Sdo Paulo, Brazil, which is accredited by the Agéncia Vigilancia Sanitéria
Brasileira (Brazilian Sanitation Surveillance Agency). °, the onychomycosis severity was assessed using the Onychomycosis Severity Index (OSI) system. The final score was
obtained by multiplying the involvement area score (ranging from 0 to 5) by the disease proximity with the matrix score (ranging from 1 to 5). Ten points were added in the presence
of subungual hyperkeratosis dermatophytoma +2 mm thick or longitudinal band. After having the scores measured, the patients subjected to hemodialysis were classified in the
following severity groups: mild onychomycosis [score from 1 to 5], moderate onychomycosis [score from 6 to 15], and severe onychomycosis [score from 16 to 35] [54]. ¢, Cure
criteria were set based on the clinical progression and laboratory exam results, and were designed as follows: (clinical response) healthy nail 5 mm growth, (mycological cure)
negative direct mycological and culture, (clinical cure) completely normal nail appearance, and (complete cure) presence of clinical and mycological cure. *, the patient presented
less than 10% of the nail affected (clinical success).
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Table 2. Cure indices in the systemic and topic treatments of onychomycosis according to some of the drugs
available in the market, and the treatment proposed in which debridement and application of acrylic polymer
with 2% terbinafine was used in patients on hemodialysis due to the presence of chronic kidney disease.*

Systemic Drug Mycological cure  Clinical cure ~ Complete cure Reference
Terbinafine 75% 81.3% 62.5% [83]
Itraconazole 61.1% 77.8% 61.1% [83]
Fluconazole 31.2% 37.5% 31.2% [83]
Topical Use Drug Mycological cure  Clinical cure  Complete cure Reference
Amorolfine 51.8 46% 44.6% [94]
Ciclopirox 36% Unavailable 12% [94]
Efinaconazole 61.6% 56.6% 31.1% [95]
Tavaborole 35.9% Unavailable unavailable [96]
Luliconazole 45.4% 32.8% 14.9% [97]
Proposed treatment Mycological cure  Clinical cure ~ Complete cure Reference
Desbridement followed by the

application of acrylic polymer with 60.0% 26.7% 20.0% ND
terbinafine

* The cure indices described in the studies are associated with the treatment, mainly of onychomycosis patients in
thegeneral population. However, in our study, only patients with severe onychomycosis phenotype and debridement
indication for the disease management were included. ND, nothing to declare; %, percentage.



52

List of Figures

A total of 155 35 of those patients 24 of those patients presented U i e
patientson presented a laboratory clinical forms of onychomycosis patientscompleted
hemodialysis were diagnosis of whose treatment involves the T e vt
evaluated by onychomycosis need for nail debridement e studyp

adermatologist

Clinical appointments - follow-up

Inclusion . N . A . o
During these visits, the patients received a replacement of acrylic polymer containing

Direct losical terbinafine [2%]. Also, the size of the healthy nail was measured after debridement and
1rect mycologiea the questionnaire was applied on the quality of the treatment carried out. Lastly, the nails
examination and

o were photographed.
culture examinaion 1‘
| % || % || % || % || % || % |
¢ % % —— % ——%—— ——%—

Final visit Legends
o I InRoonn : 1 month

Direct - Main outcomes ; X Replacement of acrylic
: } 5 polymercontaining terbinafine

mycological ' The patients were evaluated [2%] only

examination and : . . ;

culture 3 regarding the clinical : Number of months

L | response to the treatment as
examinaion :

- well as the presence of
: microbiological cure, clinical
' cure, and complete cure. '

Figure 1. Study protocol showing the participants’ inclusion and their follow-up during the intervention period.
Intervention was carried out with debridement of the nail followed by the application of acrylic polymer with 2%
terbinafine. Participants were over 18 years old and presented onychomyecosis of hallux, whose treatment involved
debridement of the ungual plate (dermatophytoma, +2 mm thick subungual keratosis, or prolonged onycholysis).
During the study period, nine participants discontinued the follow-up, as follows: a) four participants died due to
complications of the kidney disease, b) three participants received a transplant and stopped to use the dialysis service,

and c) two participants decided not to continue in the study for personal reasons.
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Figure 2. Evolution of the nail growth during the intervention period. The intervention was carried out with the nail
debridement followed by the application of acrylic polymer with 2% terbinafine. The clinical response was positive in
the presence of at least Smm healthy nail during the follow-up period. A). All participants showed healthy nail growth.
B) The healthy nail growth was higher than that set as positive response in only five cases, who showed §, 5.1, 5.2,

5.2, and 8.3mm nail growth, respectively, in the PB, EFL, ER, VAC, and ACS cases.



54

Figure 3. The images show two severe onychomycosis cases in which complete cure was observed after the
intervention period carried out with nail debridement followed by the application of acrylic polymer with 2%
terbinafine. In both cases, we can see as follows: A) appearance of the hallux nail at the time of the initial evaluation
—study inclusion period, when the direct mycological and fungal culture exams were carried out; B) appearance of
thehallux nail after the first debridement and cleaning. The ungual plate debridement was carried out only in the
cases indicated such as the presence of dermatophytoma, +2mm thick subungual keratosis, or prolonged
onycholysis. C) Nail appearance during the intervention period. It seems relevant to observe that the polymerized
acrylic gel with 2%terbinafine guaranteed the nail healthy appearance. D) Nail appearance after 11 months of
treatment with the polymerized acrylic gel with 2% terbinafine. Both cases resulted in complete cure and absence

of infectious agents according to the clinical and laboratory analyses.
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Figure 4. Summary of the main findings of the study with the outcomes observed. The outcomes were evaluated
afterthe intervention period. The intervention was carried out with the nail debridement followed by the application
of acrylic polymer with 2% terbinafine. Cure criteria were set based on the clinical progression and the laboratory
examsand were designed as follows: (clinical response) healthy nail 5 mm growth, (mycological cure) negative
direct mycological and fungal culture exams, (clinical cure) nail with a completely normal appearance, and

(complete cure)presence of clinical and mycological cure. *, the patient showed less than 10% of the nail affected
(clinical success).
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A) Appearance of the nail with onychomycosis before debridement in the presence of a 35-point Onychomycosis
Severity Index (OSI). B) Nail appearance immediately after the first debridement. The OSI value reduced from 35
(time of inclusion in the study) to 25 points, due to the removal of the subungual hyperkeratosis. Thus, to evaluate
thetherapeutical response, the remaining ungual plate area was measured aided by the Image J, 1,47v software (NHI
Bethesda, MD, EUA). During the maintenance, whenever there was healthy nail growth, the increased area was
added,but when dystrophic nail growth was observed, it was debrided again and, consequently the increased area
removed was not recorded. C) Nail appearance after the intervention period with a 0-point OSI.

A) Nail appearance with mixed pattern onychomycosis, involvement of the ungual plate in the whole extension, in
thepresence of over 2 mm subungual hyperkeratosis. The Onychomycosis Severity Index (OSI) score was 35 points
at the time of inclusion in the study. B) Ungual plate appearance without clinical alteration after the intervention
period with a 0-point OSI.

A) Mixed pattern onychomycosis with 26 to 50% involvement of the ungual plate, reaching segment 3. Presence of
over 2 mm subungual hyperkeratosis. The Onychomycosis Severity Index (OSI) score was 19 points at the time of
inclusion in the study. B) After the intervention period, the ungual plate did not show clinical alterations and a 0-
pointOSI was recorded.
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5. Conclustes

A onicomicose em pacientes em hemodialise esteve associada a uma grande variedade
de microrganismos, principalmente espécies de Trichophyton. O escore de gravidade do
envolvimentoungueal para a maioria dos pacientes foi grave, e a onicomicose subungueal distal
e a onicomicosede padrdo misto foram os tipos clinicos mais prevalentes. Os principais fatores
de risco associadosa onicomicose foram sexo masculino, idade avancada e presenca de

obesidade.

A aplicacdo de terbinafina na concentracdo de 2% veiculada em gel de reconstrucéo
acrilicopara a confeccdo de préteses de unhas aplicadas ap6s o desbridamento de formas
moderadas e graves de onicomicose apresentou baixa eficdcia como tratamento isolado em
pacientes com doenca renal cronica dialitica. Por outro lado, a maioria dos pacientes tiveram
uma boa percepc¢édosobre a aparéncia de suas unhas durante o tratamento, mesmo quando este néo

resultou em melhoraclinica aparente ou cura completa.
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