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RESUMO

LIMA, F. R. Anticorpos anti-McelA como biomarcadores sorolégicos na hanseniase:
diagnostico, avaliacdo de contatos e seguimento. 2022. Tese (Doutorado em Clinica Médica)

- Faculdade de Medicina de Ribeirdo Preto, Universidade de S&o Paulo, 2022.

A hanseniase € uma doenca cronica infectocontagiosa, causada por Mycobacterium leprae e
Mycobacterium lepromatosis. A principal consequéncia da doenca sdo as deformidades
levando a incapacidade fisica. As dificuldades vividas na pratica diaria dos servicos de salde e
as limitacGes dos testes laboratoriais quanto ao diagnostico das diferentes formas clinicas e a
identificacdo precoce dos comunicantes infectados sdo importantes fatores que ndao nos permite
controlar a magnitude que essa doenca representa no Brasil. Com isso, a aplicacdo da proteina
de superficie McelA vem se demonstrando como um possivel avanco para prospecgdo de
ensaios soroldgicos por ELISA. McelA (52 kD) é uma proteina da parede celular do género
Mycobacterium, que confere grande capacidade de aderéncia, invasdo e sobrevivéncia em
células do hospedeiro. Os resultados ja publicados pelo grupo sugerem gue os testes soroldgicos
propostos podem ser usados como um método facil, ndo invasivo e de baixo custo para suporte
ao diagnostico na hanseniase. Para tal foi realizado um novo estudo de corte transversal
bidirecional entre 2020 e 2022. Os grupos do estudo sdo classificados em controles endémicos
(voluntarios saudaveis), comunicantes intradomiciliares dos casos de hanseniase e pacientes
casos novos com e sem utilizagdo da PQT. Os ensaios laboratoriais consistem em avaliar a
resposta imune humoral através da pesquisa de anticorpos das classes IgA, IgM, 1gG a-McelA
pelo método de ELISA indireto in house, comparar com o teste soroldgico a-PGL-I e 0
diagndstico molecular (DNA) PCR-RLEP. Na regido endémica de Parnaiba-Pl, IgG a-McelA
obteve uma sensibilidade e especificidade de 94,7% e 100%, respectivamente. Individuos IgM
a-McelA positivos tiveram 3,6 chance de serem diagnosticados com hanseniase [OR = 3,6
(95% CI = 1,1-11,6); p = 0,028], enquanto os individuos IgA-positivos tiveram uma chance de
2,3 [OR =2,3 (IC 95% = 1,2-4,3); p = 0,005]. IgA é um biomarcador ideal para confirmar o
contato com o bacilo com soropositividade de 88,2%, 92,3% e 52,6% para contatos, casos
novos e pacientes tratados, respectivamente. J& na regido de Ribeirdo Preto-SP, IgA a-McelA
obteve acuracia de 90%, 77,5% de sensibilidade, 89% especificidade, 77,5% de pacientes e
65,7% de comunicantes soropositivos. ELISA IgM a-McelA 87% de acurdcia, 76,5% de
sensibilidade, 88% de especificidade com 76.5% e 70,5% dos casos novos e contatos positivos,
respectivamente. 75% de acuracia foi identificada no ELISA 1gG a-McelA e demonstrou que
pode ocorrer uma menor frequéncia (61.5%) em regides de menor endemicidade e alta
soroprevaléncia em casos novos de regido hiperendémica (84%), sendo o anticorpo testado de
maior especificidade (96%). A sorologia a-PGL-1 mostrou pior desempenho com propabilidade
de deteccdo dos casos novos em 34,6%. Paralelo aos estudos supracitados, uma avaliagdo de
acurécia dos testes laboratoriais (baciloscopia, PCR e sorologia a-PGL-1) foi desenvolvido
demonstrando a superioridade da sorologia e biologia molecular em comparacao a baciloscopia
para diagnosticar hanseniase. Por fim, sugere-se que os anticorpos IgA € um marcado de contato
bacilar, IgM na deteccdo de doenca ativa e triagem de infec¢do subclinica, sendo negativo nos
casos tratados avaliados, e 1gG apresentando sua maior soropositividade em pacientes apds uso
da PQT. Portanto, os resultados encontrados permitem contribuir para o melhor entendimento
do papel desta proteina na patogénese da hanseniase, além de identificar potenciais
biomarcadores para execucao de plataformas de diagnostico aplicaveis nas unidades basicas e
especializadas de salde, se tornando um importante avango tecnoldgico para o diagndstico



precoce da hanseniase com implicagdes direta na quebra da cadeia de transmisséo da doenca,
além de evitar incapacidade, deformidades e manutencdo do estigma da doenca.

Palavras-chave: Hanseniase. Biomarcadores. Anticorpos. Proteina McelA. Diagndstico.

Sorologia.



ABSTRACT

LIMA, F. R. Anti-McelA antibodies as serological biomarkers in Hansen’s disease:
diagnosis, evaluation in contacts and follow-up. 2022. Tese (Doutorado em Clinica Médica)

- Faculdade de Medicina de Ribeirdo Preto, Universidade de S&o Paulo, 2022.

Hansen’s disease is a chronic infectious disease caused by Mycobacterium leprae and
Mycobacterium lepromatosis. The main consequence of the disease is deformities leading to
physical disability. The difficulties experienced in the daily practice of health services and the
limitations of laboratory tests regarding the diagnosis of different clinical forms and the early
identification of infected contacts are important factors that do not allow us to control the
magnitude that this disease represents in Brazil. Thus, the application of the surface protein
McelA has been demonstrated as a possible advance for the prospection of serological assays
by ELISA. McelA (52 kD) is a cell wall protein of the Mycobacterium genus, which confers
great capacity for adherence, invasion, and survival in host cells. The results already published
by the group suggest that the proposed serological tests can be used as an easy, non-invasive,
and low-cost method to support the diagnosis of Hansen’s disease. To this end, a new
bidirectional cross-sectional study was carried out between 2020 and 2022. The study groups
are classified as endemic controls (healthy volunteers), household contacts of Hansen’s disease
cases, and patients with new cases with and without MDT use. Laboratory tests consist of
evaluating the humoral immune response by searching for antibodies of the IgA, IgM, IgG a-
McelA classes by the indirect in-house ELISA method, comparing with the o-PGL-I
serological test and molecular diagnosis PCR-RLEP (DNA). In the endemic region of Parnaiba-
PI, IgG a-McelA obtained a sensitivity and specificity of 94.7% and 100%, respectively. IgM
a-McelA positive individuals had a 3.6 chance of being diagnosed with Hansen’s disease [OR
= 3.6 (95% CI = 1.1-11.6); p = 0.028], while IgA-positive individuals had a chance of 2.3 [OR
= 2.3 (95% CI = 1.2-4.3); p = 0.005]. IgA is an ideal biomarker to confirm contact with the
bacillus with seropositivity of 88.2%, 92.3%, and 52.6% for contacts, new cases, and treated
patients, respectively. In the region of Ribeirdo Preto-SP, IgA o-McelA obtained 90%
accuracy, 77.5% sensitivity, 89% specificity, 77.5% of patients, and 65.7% of seropositive
contacts. o-McelA IgM ELISA 87% accuracy, 76.5% sensitivity, and 88% specificity with
76.5% and 70.5% of new cases and positive contacts, respectively. 75% of accuracy was
identified in the IgG a-McelA ELISA and demonstrated that a lower frequency (61.5%) may
occur in regions of lower endemicity and high seroprevalence in new cases of the hyperendemic
region (84%), with the antibody tested being of greater specificity. (96%). The a-PGL-I
serology showed the worst performance with a 34.6% probability of detecting new cases.
Parallel to this study, an evaluation of the accuracy of laboratory tests (bacilloscopy, PCR, and
a-PGL-I serology) was developed demonstrating the superiority of serology and molecular
biology compared to bacilloscopy to diagnose Hansen’s disease. Finally, it is suggested that
IgA antibodies are a bacillary contact marker, IgM in the detection of active disease and
subclinical infection screening, being negative in the evaluated treated cases, and 1gG
presenting its highest seropositivity in patients after using MDT. Therefore, the results found
allow us to contribute to a better understanding of the role of this protein in the pathogenesis of
Hansen’s disease, in addition to identifying potential biomarkers for the implementation of
diagnostic platforms applicable in basic and specialized health units, becoming an important
technological advance for early diagnosis of Hansen’s disease with direct implications for



breaking the chain of transmission of the disease, in addition to preventing disability,
deformities, and maintenance of the disease's stigma.

Keywords: Hansen’s disease. Biomarkers. Antibodies. McelA protein. Diagnosis. Serology.



ESTRUTURACAO DA TESE

A tese foi estruturada no modelo de coletanea de artigos e dividida em trés capitulos
sendo composta por: Introducdo, Revisdo da Literatura, Justificativa, Objetivos, Resultados
(Capitulo 1, Capitulo 2 e Capitulo 3), Conclusdo, Referéncias e Anexos.

O objetivo geral e objetivos especificos da tese sdo explanados nos trés capitulos dos
resultados. O primeiro e segundo capitulos sdo formados pelos manuscritos publicados na
revista Frontiers in Medicine nas sec¢Oes Infectious Diseases — Surveillance, Prevention and
Treatment e Pathology, respectivamente. O terceiro capitulo é formado pelo manuscrito aceito
para publicagdo na revista Frontiers in Medicine na se¢do Pathology.

A conclusdo foi realizada com base nos trés capitulos de resultados e no objetivo
principal do trabalho em validar o imunoensaio proposto como método sorologico para
diagnostico e seguimento na hanseniase, assim como, triagem dos contatos de pacientes com
hanseniase.

As referéncias alocadas ao final dessa tese sdo referentes as citacdes da Introducéo, e
Revisdo da Literatura, tendo em vista, que a lista de referéncias especificas ao capitulo 1,2 e 3

dos resultados se encontram ao final de cada manuscrito.
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1 INTRODUCAO

Hanseniase € uma doenca infecciosa, de evolucdo cronica e tratavel que tem como
agentes etioldgicos os bacilos Mycobacterium leprae e Mycobacterium lepromatosis. A sua
transmissdo ocorre com o contato com o paciente bacilifero atraveés da mucosa nasal e oral. O
bacilo compromete a pele e os nervos periféricos, podendo deixar graves sequelas quando nédo
ha intervencéo terapéutica precoce (BRITTON, LOCKWOOD, 2004; OMS, 2021).

Segundo a Organizagao Mundial da Saude (OMS), 202.256 novos casos de hanseniase
foram registrados globalmente em 2019, de acordo com numeros oficiais de 161 paises das 6
regides da OMS. No Brasil, no mesmo ano, foram notificados 27.863 casos novos, sendo
classificado como pais de alta endemicidade, ocupando o segundo lugar na posicdo mundial,
representando 93% do total de casos dos paises das Américas, fazendo parte dos paises
prioritarios na estratégia global de hanseniase e constituindo a hanseniase como um importante
problema de satde publica (OMS, 2021).

Diante do grave problema de saude publica e do estigma que a hanseniase representa,
evidencia-se a necessidade de intensificar o desenvolvimento de acdes direcionadas para o
diagndstico precoce, tratamento, seguimento dos casos e cura, com o objetivo de eliminar fontes
de infeccédo e evitar sequelas fisicas (BRITTON, LOCKWOOD, 2004). Entretanto, distintas
caracteristicas clinicas, bacterioldgicas, imunol6gicas e histopatoldgicas compdem o espectro
da doenca e expressam a relacdo entre a patogenicidade do bacilo e a resposta imune do
hospedeiro, o que dificulta e inviabiliza o controle da doenca (OMS, 2019). Para isso, novas
plataformas tecnologicas de testes laboratoriais, capacidade de identificar pacientes em com as
diferentes formas clinicas e os individuos com infeccéo subclinica se estabelecem como metas
da OMS no que tange o investimento em pesquisas para diagnostico de doenca e infeccao
(OMS, 2021).

O diagnostico €, ainda hoje, baseado principalmente na clinica através da identificacdo
de sinais dermatoldgicos e neuroldgicos, tendo em vista, a performance variavel dos testes
laboratoriais existentes para deteccdo dos casos da doenca e na triagem dos contatos (BRASIL,
2017). Diante disso, antigenos de membrana e/ou da parede de superficie desempenham um
importante papel na interacdo hospedeiro-bacilo uma vez que estas séo as primeiras moléculas
a interagir com a célula hospedeira (FLESSELLES et al, 1999). Nesse contexto, um antigeno

que pode representar um possivel avango no diagnostico e controle da doenca € a proteina de
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superficie mammalian cell entry 1A (McelA), presente no género Mycobacterium, e que possui
papel relevante durante a resposta imunoldgica (ARRUDA et al, 1993).

Assim, as diversas apresentacdes clinicas, a falta de protocolos padronizados que
direcionem a classificacdo e o manejo dos episddios reacionais, bem como suas possiveis
repercussdes na progressao do grau de incapacidade fisica sdo fatores que dificultam o controle
da doenca no pais. Associado as dificuldades inerentes aos aspectos clinicos da doenca, na
pratica, ndo existe nenhum teste laboratorial sorologico para o diagnostico precoce da infeccdo
assintomatica por M. leprae, para prever a progressao das formas clinicas da doenca entre 0s
individuos infectados e/ou doentes. Portanto, a presente tese tem com objetivo principal a
validacdo dos anticorpos contra a proteina McelA como potenciais biomarcadores sorologicos

no diagndstico de novos casos, seguimento de pacientes em tratamento e triagem dos contatos.

2 REVISAO DA LITERATURA

2.1 EPIDEMIOLOGIA DA HANSENIASE

Em 2019, 27.864 novos casos de hanseniase foram notificados no Brasil, equivalente a
93% de todos os casos da regido das Ameéricas e 13,7% dos casos globais registrados no ano.
O Brasil é o primeiro no mundo em registros de novos casos por habitante e o segundo em
novos casos por ano (OMS, 2021). 9,9% dos casos diagnosticados foram no estagio avangado
da doenca, no grau 2 de incapacidade fisica, quando existem deformidades e sequelas fisicas
visiveis. Entre 2010 e 2019, aproximadamente, 20.700 brasileiros tiveram sequelas fisicas
incapacitantes, como perda de extremidades e deformidade nos pés e méos causadas pela falta
de tratamento ou diagnostico tardio da hanseniase. 1.550 criangas e adolescentes menores de
15 anos foram diagnosticados com a doenca, representando 5,5% dos casos brasileiros
(BRASIL, 2021).

A taxa de deteccédo geral dos novos casos foi de 13,23 por 100 mil habitantes, mais de
13 vezes maior que o recomendado pela OMS para 2020. A taxa de prevaléncia da hanseniase
foi de 1,50 para cada 10 mil habitantes, considerada de alta endemicidade. Os estados com a
maior taxa de novos casos foi Mato Grosso e Tocantins com 129,38 casos por 100 mil hab e
96,44 casos por 100 mil hab, respectivamente (BRASIL, 2021). No estado de S&o Paulo, 1.185
novos casos foram notificados e com um coeficiente de detecgéo de 2,58 por 100 mil hab, sendo
classificado nos parametros de endemicidade como médio. Ribeirdo Preto, municipio com alta

endemicidade no ano de 2019, obteve 95 casos novos notificados com um coeficiente de 13,5
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por 100 mil hab (SES-SP, 2020). A heterogeneidade da distribuicdo dos casos no territorio
nacional e os indicadores epidemioldgicos do Brasil no ambito global evidenciam o cenario de
transmissao continuada e ratificando a doenga como prioritéria dentre os problemas de salde
no pais (OMS, 2021).

O boletim epidemioldgico divulgado em 2021 pela OMS registrou 127.558 novos casos
em 139 paises e uma prevaléncia de 129.389 pacientes em tratamento (16,7 por milhdo de
habitantes). Sendo considerado uma reducdo de 37% na deteccdo de casos novos em
comparacdo a 2019, como resultado do impacto da pandemia COVID-19 para 0s programas de
controle da hanseniase (OMS, 2021).

2.2. AGENTE ETIOLOGICO

A descoberta de M. leprae por Gerhard Armauer Hansen em 1873 permitiu um avango
na medicina ratificando que os patdgenos séo causadores de doencas, que as condi¢des sociais
sdo agentes determinantes para o desenvolvimento das doencas e desmistificando os postulados
hipotéticos associados a religido sobre o desenvolvimento dessa enfermidade, no periodo, ainda
denominada de lepra (IRGENS, 1984).

M. leprae é um bacilo reto ou levemente encurvado, com extremidades arredondadas de
coloracdo alcool-acido resistente, medindo 1-8 um de comprimento e 0,3 um de diametro
(HIRATA, 1985). M. leprae ou bacilo de Hansen pertencente a classe Schizomycetes, ordem
Actinomycetales, familia Mycobacteriaceae e género Mycobacterium (SKERMAN et al, 1980).
Trata-se de um parasita intracelular obrigatorio, imovel, aerébio, de crescimento lento por
divisdo binaria com média de crescimento entre 12-14 dias e ndo cultivavel in vitro. M. leprae
permanece vidvel por 9 dias no meio ambiente e a temperatura ideal para sua sobrevivéncia e
proliferacdo esta entre 27-30 °C, explicando a sua predilecdo por sitios anatbmicos mais
superficiais no hospedeiro humano como pele, nervos periféricos, testiculos e vias aéreas
superiores, e envolvimento visceral inferior (LASTORIA, ABREU, 2014).

M leprae possuiu a capacidade de forma matrizes capsulares e estruturas espumosas
responsaveis pela ligacdo de varias células bacterianas gerando aglomerados ou globias
(NISHIURA et al, 1969). A parede celular das micobactérias consiste em uma membrana
externa, andloga a das bactérias Gram-negativas, ligada ao peptidoglicano por meio de um
polissacarideo de conexao arabinogalactano (BHAMIDI et al, 2011). A parede celular ligada a
membrana plasmatica é composta por peptidoglicanos conjugados a polissacarideos de cadeia

ramificada, como os acidos micolicos e lipoarabinomanano (LAM). A capsula possui lipidios,
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especialmente dimicocerosato de ftiocerol e glicolipidio fendlico (PGL-I), que possui um
trissacarideo ligado aos lipidios por uma molécula de fenol, sendo este trissacarideo
antigenicamente especifico para M. leprae (LASTORIA, ABREU, 2014). Esses complexos
glicolipidios desempenham diferentes funcdes na interacdo bacilo-hospedeiro, a exemplo do
trissacarideo especifico presente na molécula do PGL-I que desempenha um papel fundamental
para o tropismo do bacilo aos nervos periféricos e no estabelecimento da infecgdo nas células
de Schwann (NG et al, 2000).

Mais recentemente, distintas caracteristicas clinico-patolégicas apresentadas por uma
forma clinica avangada e difusa da doenga levaram a propor Mycobacterium lepromatosis como
nova espécie causadora da hanseniase. Assim, sendo responsavel por parte da variabilidade
clinica e geografica da hanseniase no mundo, apesar de ainda ser limitado o nimero de estudos

sobre as implicacBes da nova espécie no diagndstico da hanseniase (Han et al, 2008).

2.3 DESENVOLVIMENTO E CLASSIFICACAO DA HANSENIASE

Os sinais cardinais da hanseniase sdo lesGes cutaneas com sensibilidade alterada e/ou
nervos periféricos espessados evidenciando sinais e sintomas neurologicos e/ou presenca de
bacilos alcool-acido resistentes nos exames laboratoriais (OMS, 2021). A investigacao clinica
dos sinais cardinais da doenca possui uma sensibilidade ao diagndstico de 97%
(MOSCHELLA, 2004; BRASIL, 2021).

O desenvolvimento da enfermidade pode se manifestar com lesdes hipocromiantes com
alteracdo de sensibilidade, estagio inicial, em geral transitério e/ou um quadro inicial
exclusivamente neuroldgico classificado a doenca como uma enfermidade primariamente
neural (TOMASELLI et al, 2021). Em caso de progressdo, a resposta imune especifica do
hospedeiro frente ao bacilo, diferencas genéticas do hospedeiro e modulacdes exercidas por M.
leprae no sistema imune irdo definir os padrfes da doenca. Na forma clinica inicial a
proliferacdo do bacilo, encontra-se a doenca localizada, a hanseniase tuberculoide (HT), que
expressa resposta imune inflamatdria e granulomatosa na tentativa de destruigdo bacilar. J& na
forma clinica de alta suscetibilidade, associado a deficiéncia da imunidade celular especifica ao
bacilo, encontra-se a forma disseminada e altamente contagiosa, a hanseniase virchowiana
(HV). Esta forma clinica decorre da incapacidade da resposta imune em impedir a multiplicacao
e eliminacdo do bacilo. As formas interpolares, dimorfa-tuberculdide (DT), dimorfa-dimorfa

(DD) e dimorfa-virchoviana (DV) refletem graduais variagdes da resposta efetora ao bacilo que
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tendem a se aproximar das caracteristicas de cada uma das formas polares HT ou HV (de
SOLDENHOFF, 1994; RIDLEY, JOPLING, 1966).

A classificacdo de Ridley e Jopling envolve aspetos clinicos, patoldgicos,
baciloscopicos e imunoldgicos, permitindo uma caracterizacdo completa das formas polares
HT, HV e das formas interpolares DT, DD, DV (RIDLEY, JOPLING, 1966; RIDLEY, 1974).
Uma sexta classificacdo, hanseniase indeterminada (HI) também é comumente usada para
caracterizar os estagios iniciais da doenca (RODRIGUES et al, 2016). De acordo com a
classificacdo da OMS, com base na avaliacdo dermatoneuroldgica e laboratorial, os pacientes
sdo classificados em dois grupos que orientam o tratamento: a forma menos grave denominada
paucibacilar (PB) compreendendo os casos de HI e HT e 0s casos mais avangados denominados
multibacilares (MB) que alocam as formas interpolares e a HV (BRASIL, 2017; OMS, 2021).

A evolucdo cronica e insidiosa da doenca pode ser sobreposta por fenémenos
inflamatorios agudos conhecidos como reagdes hansénicas. Os episodios reacionais podem
incidir em qualquer uma das formas clinicas, antes, durante ou apds a instituicéo do tratamento
com a poliquimioterapia (PQT). Os dois tipos de reacdes hansénicas: Tipo 1 ou reacdo reversa
(RR) e Tipo 2 ou eritema nodoso hansénico (ENH) refletem processo inflamat6rio imuno-
mediado, envolvendo mecanismos de hipersensibilidade tipo IV e Ill, respectivamente. Os
estados reacionais sd0 uma das principais causas de neurites provocadas pela hanseniase
(BECX-BLEUMINK, 1992; NAAFS, 1994; BRITTON, LOCKWOOD, 2004;). Portanto, €
importante que o diagndstico das reacGes seja feito precocemente, para se dar inicio imediato

ao tratamento antirreacional, visando a prevencdo de deformidades e incapacidade.

2.4 RESPOSTA IMUNE NA HANSENIASE

M. leprae modula um espectro amplo e excepcional de caracteristicas clinicopatolégicas
nos individuos suscetiveis ao desenvolvimento da doenca. A capacidade particular de cada
hospedeiro desenvolver um padréo de intensidade da resposta imune celular ao bacilo permitiu
consolidar as afirmativas basilares que justificam a diversidade das apresentagdes clinicas. As
evidéncias histopatologicas antecederam o reconhecimento dos linfocitos T e B e tornou a
hanseniase um modelo extremamente importante para a compreensdao da imunidade celular
humana (SKINSNES, 1964)

A resposta imune inata é ativada por M. leprae por meio de receptores toll-like (TLR)
2/1 (KRUTZIK et al, 2003). Inicialmente, o perfil de ativacdo celular com a participacao da

interleucina-15 (IL-15) estimula os mecanismos antimicrobianos dependente de vitamina D em
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macrofagos e inibe a fagocitose das micobactérias (JULLIEN et al, 1997). Esses eventos
promovem uma resposta de citocinas de linfocitos T com perfil T helper 1 (Th1) produtores de
citocinas como interferon- y (IFN-vy) , IL-2, fator de necrose tumoral (TNF) e IL-15 que controla
a infeccdo e induz a formacdo de granulomas, assim como, orquestra o desenvolvimento de
uma resposta Th17 com producdo de IL-17A, IL-17F, IL-21 e IL-22 que leva a inflamagdo e
destruicéo do tecido, recrutamento de neutrofilos, ativacdo de macrofagos e aumento de células
efetoras Thl caracterizando os eventos imunopatoldgicas da forma polar HT (SADHU et al,
2016; FONSECA et al 2017).

Em pacientes com forma clinica HV, ocorre um aumento de citocinas como IL-4 e IL-
10, receptor semelhante a imunoglobulina leucocitaria membro da subfamilia A 2 (LILRA2) e
o envolvimento de fosfolipidios oxidados inibindo as respostas de citocinas induzidas por
TLR2/1, mas preservando a liberacdo de IL-10 (JULLIEN et al, 1997). Além disso,
imunocomplexos desencadeiam a producgéo de IL-10 e aumentam a fagocitose de M. leprae.
Como também, sdo ativados por macrdfagos através dos receptores cluster de diferenciacdo
209 (CD209) e CD163 mecanismos mediados por apoproteina B (ApoB), complexo
haptoglobina-hemoglobina e fosfolipidios oxidados, sem ativar a via antimicrobiana
dependente da vitamina D. Esses eventos, resultam no acumulo de goticulas de lipidios dentro
dos macréfagos gerando o padrdo de célula espumosa (RATLEDGE, DOVER, 2000;
PHILIPPIDIS et al, 2004; FONSECA, 2017).

H& uma regulacdo positiva da perilipina do tecido adiposo, proteina relacionada a
diferenciacdo no complexo reticulo endoplasmatico-Golgi com a formacdo de vesiculas
contendo lipidios, fosfolipidios, éster de colesterol e colesterol. Logo, ha um aumento na sintese
de receptores de lipoproteina de baixa densidade (LDL) como CD36, receptor de lipoproteina
de baixa densidade (LDL-R), receptor scavenger — B1 (SR-B1), e proteina 1 relacionada ao
receptor de lipoproteina de baixa densidade (LRP-1), assim como, a captacdo de colesterol
enddgeno que se acumula intracelularmente. Em resumo, esses mecanismos imunes induzem
um perfil imunologico Th2 e T regulatério (Treg), com a producéo de IL-4 e IL-10, inducdo da
producdo de anticorpos, auséncia de resposta granulomatosa e o favorecimento de um perfil de
susceptibilidade para o crescimento do bacilo (HALVORSEN et al, 2005; CRUZ et al, 2008;
RUSSELL et al, 2009; de MATTOS et al, 2012; FONSECA et al 2017).

Dando continuidade as habilidades imunomodulatdrios do bacilo no sistema imune do
hospedeiro, M. leprae é capaz de evadir a resposta imune gerando o acumulo de corpasculos
lipidicos nas células infectadas, modulagdo de microRNA supressores da atividade inflamatoria

Thl e reprogramacdo de células de Schwann nos nervos periféricos, como também,
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estimulando moléculas supressoras da atividade celular, como antigeno-4 associado ao linfocito
T citotoxico (CTLA-4), interferindo nos mecanismos de morte celular programada e de ativacao
de células T (PARK et al, 2016).

Embora a imunidade celular esteja presente na maioria dos fendmenos de interacdo
bacilo-hospedeiro, a imunidade humoral também participa. As formas da manifestacdo da
doenca dependem da resposta imune desenvolvida pelo hospedeiro, sendo a HT caracterizada
por baixos titulos de anticorpos, devido a forte indugéo e predominio de células Thl e Th17.
Enquanto a HV esta associada a um relativo aumento na resposta Th2 e Treg (NARAYAN et
al, 2001; FONSECA et al, 2017). O resultado é a fraca imunidade mediada por células, o que
proporciona a inabilidade de controlar a bactéria, e consequentemente, a multiplicacdo do
bacilo. Por outro lado, a resposta Th2 auxilia na ativacdo dos linfocitos B, resultando na
producdo de anticorpos (WANG et al, 1989; WALKER, LOCKWOOD, 2006).
Paradoxalmente, esses anticorpos produzidos, seja na fase HT ou na fase HV sé@o usualmente

ndo protetores, mas podem ser utilizados como biomarcadores no diagnostico sorolégico.

2.5 PROTEINA McelA

Antes da decodificacdo do genoma de M. leprae a disponibilidade de novos antigenos
era limitada principalmente devido ao fato do bacilo ndo ser cultivavel in vitro. Comparacoes
do genoma de Mycobacterium tuberculosis e de M. leprae revelaram que o ultimo sofreu
reducdo evolutiva apresentando um genoma de 3.3 milhdes de pares de base (Mb) comparado
com 4.4 Mb de M. tuberculosis (COLE et al, 1998, COLE et al, 2001). Dos 1.614
genes/proteinas de M. leprae, 1.429 sdo comuns em M. tuberculosis (COLE et al, 2001).

A similaridade genética nas cepas de M. tuberculosis € M. leprae demonstraram a
presenca do operon mcel e gene mcelA (1326 bp), o qual codifica a proteina McelA (52 kD)
em ambos os bacilos e formada por 442 aminoéacidos (aa) (FADLITHA et al, 2019). As
proteinas de entrada na célula de mamifero (Mce) codificadas pelos operons mcel, mce2, mce3
e mce4, compostos de 10 a 14 genes cada, sdo moléculas que desempenham um papel
fundamental na importacdo de moléculas de lipidios e atuacdo na patogénese do bacilo frente
ao hospedeiro (COLE et al, 1998). A sua denominacao é baseada na observacao inicial de que
um fragmento de DNA correspondente a proteina McelA de M. tuberculosis (H37Ra), quando
expresso em Escherichia coli, permitiu a entrada dos bacilos de E. coli em células Hela,
evidenciando a sua capacidade de mediar a entrada na célula e, eventualmente, na sobrevivéncia

do bacilo no interior de macréfagos (ARRUDA et al, 1993). Pesquisas subsequentes mostraram
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que o papel dessas proteinas esté principalmente associado ao transporte de lipidios, modulacéo
da sinalizacdo da célula hospedeira, homeostase da parede celular e remodelacdo da membrana
celular confirmando a sua participagdo para garantir a sobrevivéncia bacilo e os mecanismos
de patogénese (QUEIROZ, RILEY, 2017; ASTHANA et al, 2021).

A posteriori, a proteina recombinante isoladamente e baseada no gene mcelA de M.
leprae foi demonstrada por promover a internalizacdo em células epiteliais nasais, células
epiteliais bronquicas, fibroblastos dérmicos, células endoteliais microvasculares e
queratindcitos humanos. Logo, o produto do gene mcelA pode mediar a entrada de M. leprae
nas células epiteliais respiratorias como suas células-alvo naturais, que podem ser o principal
modo de transmissdo. As células endoteliais, por outro lado, podem servir como reservatorio
de bacilos para infecgdo de longo prazo. A proteina McelA de M. leprae tem implicacbes
importantes em potencial para 0 modo de transmisséo e patogénese da hanseniase (SATO et al,
2007).

A regido mais importante da proteina McelA envolvida na invasdo de M. tuberculosis
nas células epiteliais humanas é chamada de célula Invill (KOHWIWATTANAGUN et al,
2007). A regido Invlll de M. tuberculosis corresponde a InvXb de M. leprae. A sequéncia das
regides é idéntica entre os aminoacidos da posicdo 1 para a posicdo 22 - contados a partir do
terminal N de InvXb, exceto que os aminoacidos nas posi¢des 1 a 3, 5, 8, 9, 13 sdo diferentes
entre M. leprae e M. tuberculosis. Portanto, M. leprae inclui uma regido (ML2589, 1326 pb)
altamente homologa a proteina McelA de M. tuberculosis, sendo, a proteina McelA expressa
na superficie da bactéria como uma proteina nativa e que a regido N terminal da proteina McelA
de M. leprae, além da regido ativa encontrada em M. tuberculosis, estd envolvida na entrada do
bacilo. M. leprae para infectar as células de Schwann, precisa primeiro invadir as células
epiteliais e os novos achados evidenciam que a regido InvX desta proteina, em particular, esta
envolvida na invasao das células epiteliais da mucosa nasal (FADLITHA et al, 2019).

Experimentos em modelo animal demonstram que o gene mcel é expresso na fase de
transicdo entre infeccdo por M. tuberculosis e o aparecimento da doenca (SHIMONO et al,
2003; GIOFFRE et al, 2005). Shimono e colaboradores (2003) ratificam essa assertiva ao
demonstrar que camundongos desafiados com cepas mutantes H37Rv sem o gene responsavel
pela expressdo da proteina, tornou o bacilo da tuberculose mais virulento, induzindo a morte
precoce dos camundongos quando comparado com os que foram desafiados com a cepa
virulenta que expressa o gene (SHIMONO et al, 2003). Um dos primeiros estudos em modelo
humano sugere que a proteina McelA favorece o estabelecimento da infecgdo latente no

hospedeiro, através da inibicdo da resposta imune celular pela producéo de fator de crescimento
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tecidual-p (TGF-B) por células mononucleares. Esta citocina estaria relacionada com a
modulacdo da resposta imune, a fim de propiciar a sobrevivéncia do bacilo no hospedeiro
(NASCIMENTO, 1999).

2.5.1 Proteina McelA e a producédo de anticorpos

A pequena quantidade de estudos em modelo humano, as sugestdes de estudos anteriores,
sobre o papel da McelA no estabelecimento da infeccdo, e a auséncia de outros grupos de
pesquisa atuando nessa busca de biomarcadores soroldgicos a-McelA, impulsionaram o
objetivo de avaliar a resposta imune humoral contra a proteina McelA em pacientes com
diferentes formas clinicas da hanseniase. Com isso, a utilizacdo da proteina McelA
recombinante ja foi aplicada como proposta de imunoensaio para detec¢do de imunoglobulinas
(1gs) das classes IgA, IgM e 1gG no estudo piloto ja publicado por Lima et al (2017). Atraveés
desse estudo de corte transversal com 89 voluntarios (casos de hanseniase n=55; contatos
domiciliares n=12; controles endémicos n=22) do ambulatério de referéncia para hanseniase do
Hospital Couto Maia, em Salvador-BA, foi demonstrado que os niveis de anticorpos (IgA, IgM
e 1gG) anti-McelA foram significativamente superiores nos casos de hanseniase quando
comparados com os controles (p < 0,0001). ELISA indireto para deteccdo de IgG anti-McelA
apresentou 92,7% de sensibilidade e 97,1% especificidade com uma soropositividade de 92,1%
em pacientes MB e 94,1% PB. IgA anti-McelA correlaciona-se de forma positiva com o indice
baciloscopico (p = 0,043) e nimero de lesdes cutaneas (p = 0,042). Os resultados encontrados
sugerem que o teste sorolégico proposto pode ser usado como um método fécil, ndo invasivo e
de baixo custo para suporte ao diagnostico e seguimento da hanseniase, tendo em vista, a baixa
soropositividade apresentada por pacientes PB e contatos intradomiciliares quando utilizado
outros testes soroldgicos como a sorologia anti-PGL-1 (APGL-1) para deteccdo de IgM e os
testes utilizando proteina de fusdo LID-1 (LIMA et al, 2017).

2.6 DIAGNOSTICO LABORATORIAL
O diagnostico da hanseniase deve ser essencialmente pautado nos sinais

clinicodermatoneuroldgicos, no entanto, 0os exames complementares e auxiliares ao diagndstico

médico, quando disponiveis, de qualidade e confiaveis, podem ser realizados (BRASIL, 2017).
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2.6.1 Baciloscopia do raspado intradérmico

A baciloscopia consiste em um exame microbioldgico através da coloracdo de Ziehl-
Neelsen e sendo o seu resultado dependente da carga bacilar do paciente. O teste objetiva
identificar o bacilo em esfregacos de raspados dérmicos dos I6bulos auriculares, cotovelos e
joelhos, como também, das lesdes de pele. O exame permite classificar os pacientes como MB
e monitorar o tratamento, quando apresentam positividade no teste. A baciloscopia é geralmente
negativa nas formas iniciais da doenca e em casos predominantemente neurais, assim como, é
fortemente positiva nas formas clinicas DV/HV. Os resultados negativos para baciloscopia ndo
afastam o diagndstico da hanseniase, sendo a sua sensibilidade variavel entre 25% para
pacientes PB e 62% para casos MB, porém, com uma especificidade de 100%. A performance
do teste € baseada a qualidade da coleta, expertise do profissional executor e protocolo
laboratorial utilizado (BRASIL, 2017).

2.6.2 Histopatologia da biopsia de pele

O exame histopatologico baseia-se na analise microscopica de bidpsias das lesdes de
pele e nervos sendo geralmente utilizado para a classificagdo histopatoldgica da hanseniase,
especialmente quando sdo evidenciadas agressdo neural, presenca de bacilos, formacdo de
granuloma e presenca de infiltrado histiocitario xantomizado. O estudo anatomopatologico é
realizado através da coloracdo hematoxilina-eosina objetivando avaliar as caracteristicas
morfofuncionais do tecido e a identificagdo dos bacilos alcool-acido resistentes através da
coloracdo Faraco-Fite. Os resultados negativos para baciloscopia da biopsia ndo excluem o
diagnostico clinico da hanseniase e achado falso-negativo pode ser liberado na pesquisa dos
bacilos, quando ndo empregada a técnica Faraco-Fite (BRASIL, 2017). A especificidade
diagnostica do exame histopatologico varia entre 70% a 72% e sensibilidade variando de 49%
a 70% (LOCKWOOD et al, 2012; BRASIL, 2021).

2.6.3 Sorologia

Atualmente, as ferramentas de diagnostico disponiveis carecem de sensibilidade e
especificidade suficientes para atingir o objetivo de detecgédo precoce. A detecgéo da infecgéo
por M. leprae, seguida de uma intervencdo efetiva, € considerada um componente vital das

estratégias que visam reduzir a transmissdo da hanseniase (OMS, 2021). A sorologia mais
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amplamente difundida busca a identificacdo de anticorpos APGL-I. Altos titulos de IgM para
APGL-I de M. leprae sdo associados a disseminacdo e infeccdes progressivas pelo bacilo,
tornando o teste positivo preferencialmente nos casos MB de alta carga. Estudos anteriores
utilizaram metodologias de imunoenaios baseadas em testes de fluxo lateral e aglutinacdo de
particulas que incorporam o epitopo di- ou trissacarideo sintético do PGL-I (OSKAM et al,
2003; SPENCER et al, 2011; STEFANI et al, 2012).

O teste ELISA indireto busca a pesquisa de anticorpos da classe IgM APGL-I, sendo
atil principalmente no diagndstico dos casos MB e a detec¢cdo para pacientes PB tem valor
limitado (BUHRER-SEKULA et al, 2003; GOULART et al, 2008; SPENCER et al, 2012). Em
regides hiperendémicas para hanseniase, mais de 50% dos jovens pesquisados em idade escolar
apresentaram respostas anti-PGL-I positivas (BARRETO et al, 2012). Contudo, a maioria dos
individuos com titulo de anticorpos positivo nunca desenvolvera hanseniase, mesmo sendo a
sorologia APGL-I positiva um fator de risco para o desenvolvimento da hanseniase
(DOUGLAS et al, 2004; SPENCER et al, 2011).

Os estudos disponiveis com propostas de testes soroldégicos em 78 publicacdes,
demonstram que a técnica de ELISA foi a mais preconizada e em diferentes protocolos
utilizados a performance dos testes foi variavel com sensibilidade entre 0% a 100% e a
especificidade 13% a 100%. Os protocolos utilizando o antigeno PGL-I apresentaram uma
sensibilidade média de 63,8% e especificidade média de 91% (GURUNG et al, 2019).

Apenas no ano de 2021, o Ministério da Saude através da Comissdo Nacional de
Incorporacéo de Tecnologias no Sistema Unico de Satide (CONITEC-SUS) propés a utilizacéo
de um método soroldgico baseado em um teste rapido imunocromatografico para determinagao
qualitativa de anticorpos IgM anti-M. leprae em amostras de soro, plasma ou sangue total para
diagnostico complementar de hanseniase utilizando o antigeno PGL-l. Em pacientes
contactantes de hanseniase MB e portadores de lesdes duvidosas, o teste demonstrou
sensibilidade estimada de 82% e especificidade de 89%, com certeza da evidéncia variando
entre baixa e muito baixa. Ja para pacientes contactantes de hanseniase PB e lesoes duvidosas,
0 teste obteve uma sensibilidade estimada de 23% e especificidade de 92%, com certeza da

evidéncia variando entre moderada a muito baixa. (BRASIL, 2021).

2.6.4 Exame molecular

As limitagdes no diagnostico dos casos PB e comunicantes de pacientes com hanseniase

geraram a necessidade da incorporacdo de técnicas com maior performance tecnoldgica
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almejando a identificacdo dos grupos de dificil diagnéstico baciloscopico e histopatolégico
como forma de obter um diagndstico precoce com elevada especificidade. A técnica consiste
na extracao, amplificacao e identificacao de DNA de M. leprae em amostras clinicas como
biopsias de pele, raspados intradérmicos e entre outras espécimes (BRASIL, 2021). A
sensibilidade da polymerase chain reaction quantitativa (qPCR) varia de 51% a 91%, e a
especificidade de 46% a 100% (GURUNG et al, 2019).

Atualmente, diferentes alvos génicos sdo estudados para subsidiar a detec¢éo especifica
de M. leprae. A sequéncia génica de regides de elementos repetitivos especificos (RLEP)
localizadas ao longo do genoma do bacilo se tornou um alvo potencial e promissor para o
diagnostico molecular da hanseniase. A aplicacdo do ensaio molecular com RLEP permite
maior sensibilidade por fornecer maltiplas copias ao decorrer do genoma. Portanto, 0s ensaios
de PCR-RLEP apresentam resultados rapidos e fidedignos para deteccdo e quantificacdo
molecular (COLE et al, 2001; MARTINEZ et al, 2011; AZEVEDO et al, 2017).

Azevedo e colaboradores (2017) demonstraram que qPCR apresentou-se sensivel e
100% especifica, devido aos resultados negativos em amostras de diferentes micobactérias, de
individuos saudaveis e de outras doengas granulomatosas. Com isso, PCR-RLEP pode ser
utilizada como exame complementar para o diagnostico de hanseniase, independentemente da
forma clinica da doenca (AZEVEDO et al, 2017).

No ano de 2021, o Ministério da satde implementou uma consulta publica através da
CONITEC para entdo implementacdo de um teste de detec¢ao molecular qualitativa de M.
leprae para o diagnostico de hanseniase. O ensaio proposto apresenta sensibilidade para
detec¢do da hanseniase MB de 72% e 45% para casos classificados como PB (BRASIL 2021).
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3 JUSTIFICATIVA

Diante do grave problema de salde publica que a hanseniase representa, devem ser
realizadas atividades de prevencéo e controle que apresentem impacto na situacdo de saude da
populacdo. Atualmente, sdo poucos os estudos que abordam o perfil imunol6gico humoral dos
portadores de hanseniase e dos seus respectivos comunicantes com resultados promissores para
implementacdo nos servigos publicos e privados de salde objetivando o desenvolvimento de
técnicas de diagndstico da hanseniase em todas as formas clinicas ou como forma de
seguimento dos casos.

Adicionalmente, ndo existem estudos avaliando o papel da proteina McelA na
hanseniase como biomarcadores sorolégicos publicados por outros grupos de pesquisa. A
obtencdo destes dados vem adquirindo importancia, principalmente para o esclarecimento do
estado imunolégico destas diferentes formas da doenca, dos estados reacionais e como forma
de deteccdo dos comunicantes infectados que ainda ndo apresentam manifestacfes clinicas.
Assim, com o intuito de contribuir para o esclarecimento da doenca e a prospeccao de testes
soroldgicos por ELISA e testes rapidos, estd sendo realizado um estudo para avaliar a resposta
imune humoral e detec¢do precoce dos casos para o bloqueio da cadeia de transmissdo do bacilo
com o diagndstico feito a partir da resposta a proteina McelA em pacientes com diferentes
formas clinicas e em estados reacionais da hanseniase, em seus respectivos comunicantes e
controles saudaveis de regides com diferentes niveis de endemia. Além disso, a identificacdo
de padrBes associados a ocorréncia da hanseniase € uma meta importante para monitorar a
situacdo de salde da populacéo brasileira, comparando a evolugdo, tendéncias e identificando
areas e grupos prioritarios.

Portanto, em busca do cumprimento das metas de controle da hanseniase preconizadas
pela OMS e pretendidas pelo Ministério da Salde, torna-se necessario investir em agoes
efetivas tanto para o diagnéstico da doenga como também para a infecgdo, permitindo dessa
forma a quebra da cadeia de transmissao, tendo em vista, a inexisténcia de métodos laboratoriais
capazes de diagnosticar individuos infectados de forma subclinica e técnicas para predi¢do do

possivel desenvolvimento da doenca.
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4 OBJETIVOS

4.1 OBEJTIVO GERAL

Analisar a aplicabilidade dos anticorpos IgA, IgM, IgG anti-McelA como potenciais
biomarcadores para o diagnostico e seguimento de pacientes com hanseniase e seus

comunicantes.

4.2 OBJETIVOS ESPECIFICOS

. Avaliar biomarcadores sorolégicos de seguimento clinico, bacterioldgico e terapéutico
dos pacientes com hanseniase antes e ap0s o uso da PQT;

. Analisar os anticorpos com potencial de diagnéstico dos contatos intradomiciliares
expostos ao M. leprae antes do aparecimento dos sinais e sintomas dermatoneuroldgicos;

. Correlacionar os niveis dos anticorpos anti-McelA com os indices de anticorpos APGL-
| e resultados de PCR-RLEP dos pacientes e comunicantes;

. Avaliar a acuracia dos ensaios laboratoriais atuais (baciloscopia, ELISA APGL-I, PCR-
RLEP) em comparacgdo com a sorologia anti-McelA,;

. Obter resultados subsidiarios para prospec¢ao de plataformas tecnologicas de
diagnostico, monitoramento e prognastico de baixo custo e aplicavel as unidades de atencao a
saude (kit para ELISA).
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5 RESULTADOS

Os resultados dessa tese de doutorado serdo apresentados em trés capitulos, sendo o
primeiro e segundo em formato de manuscritos dos artigos originais publicados em revista
indexada de circulacdo internacional e o terceiro capitulo em formato de manuscrito do artigo
original aceito para publicacdo. Devido as regras das revistas e o copyright, os artigos nao foram

disponibilizados na integra nesse documento.

5.1 CAPITULO 1

5.1.1 Artigo original publicado

LIMA, F.R.; DE PAULA, N.A.; SIMOES, M.M.R.; MANSO, G.M.C.; ALBERTINO, G.S.;
FELISBINO, G.C.; ANTUNES, V. M. G.; PERECIN, F.A.M.C.: WESTIN, A.T.; LUGAO,
H.B.; FRADE, M.A.C. Bacilloscopy and polymerase chain reaction of slit-skin smears and anti-
phenolic glycolipid-I serology for Hansen’s disease diagnosis. Front Med, v. 9, p. 972244,
2022. doi: 10.3389/fmed.2022.972244

Considerando as dificuldades diagndsticas no campo da hanseniase, principalmente
entre 0s casos com apresentacdo macular leve ou formas neurais, o uso do exame
microbiol6gico do raspado dérmico (baciloscopia) como forma de diagndstico laboratorial
apresenta-se como um metodo falho e rudimentar devido a seu baixo desempenho na deteccdo
dos casos. A utilizacdo de metodologias de biologia molecular (PCR) e a associacdo com
técnicas soroldgicas permitem um diagnostico clinico mais preciso dos pacientes, além de
identificar um maior numero de individuos independentemente da forma clinica ou
classificacdo operacional. Além disso, a necessidade de implantacdo da sorologia e PCR como
exames complementares ndo se restringe aos centros de referéncia e pesquisa, pois essa pratica
gera o atraso do diagndstico e tratamento, consequentemente, aumentando a incapacidade e 0
estigma dos pacientes. Sendo assim, um estudo de cor transversal baseado nos prontuarios
(N=345) dos pacientes atendidos no ambulatério da dermatologia da divisdo da clinica médica
(HC-FMRP-USP) de Ribeirdo Preto-SP foi realizado para comparar o desempenho e a
correlacdo da baciloscopia e com técnica de PCR-RLEP para rastreio molecular do DNA de M.
leprae e a sorologia APGL-I para dosagem de anticorpos IgM. A selecdo dos prontudrios foi

baseada nos individuos que realizaram os 3 exames (baciloscopia, PCR-RLEP e APGL-I) no
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mesmo periodo e foram atendidos com suspeita clinica para hanseniase. Em seguida, 0s
individuos foram classificados no grupo pacientes com hanseniase (HDP) e grupo sem
hanseniase (N-HDP) que apresentavam sinais e sintomas dermatoldgicos e/ou neurolégicos. O
trabalho evidenciou que a PCR e sorologia em comparacdo com baciloscopia séo superiores
para o diagnostico dos pacientes acometidos e deve-se reconsiderar a recomendacdo da OMS
do exame microbiolégico como Unico critério laboratorial para a doenca. Assim, corroborando
com a implementacédo de novas metodologias laboratoriais e de maior sensibilidade para auxilio

ao diagnostico da hanseniase.
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The bacilloscopy of the slit-skin smear (SSS) is the exclusive laboratory test
associated with dermato-neurological evaluation for Hansen's disease (HD)
diagnosis; however, it is negative in the majority of PB or primary neural
forms. Thus, a PCR technique involving different sequences and target genes
has been performed with an aim to increase the sensitivity and specificity
of M. leprae identification, especially in patients with low bacillary loads.
Additionally, serological assays based on antibody response reflect infection
levels and indicate that this could be a simpler, less invasive technique
for estimating M. leprae exposure. Serological tests and PCR have been
shown to be more sensitive and accurate than the SSS. Our study aimed
to measure accuracy and performance among the SSS and PCR of dermal
scrapings stored on filter paper and APGL-| serology for diagnosis in HD.
A cross-sectional study analyzing the medical records (n = 345) of an HD
outpatient-dermatology clinic from 2014 to 2021 was conducted. Accuracy
performance parameters, correlation, and concordance were used to assess
the value among the SSS, PCR, and APGL-I exams in HD. The SSS presented
24.5% sensitivity, 100% specificity, 37.4% accuracy, and the lowest negative
predictive value (21.5%). The PCR assay had 41, 100, and 51% sensitivity,
specificity, and accuracy, respectively. PCR and APGL-I serology increased
the detection of HD cases by 16 and 20.6%, respectively. PCR was positive
in 51.3% of patients when the SSS was negative. The SSS obtained moderate
concordance with PCR [k-value: 0.43 (Cl: 0.33-0.55)] and APGL-| [k-value:
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5.2 CAPITULO 2

5.2.1 Artigo original publicado

LIMA, F.R.; BERNARDES FILHO, F.; ANTUNES, V. M. G.; SANTANA, J.M.; DE
ALMEIDA, R.C.P.; TORO, D.M.; BRAGAGNOLLO, V.; MANSO, G.M.C; DE PAULA,
N.A.; ALVES, E.S,; RILEY, L.; ARRUDA, S.; FRADE, M.A.C. Serological immunoassay for
Hansen’s disease (HD) diagnosis and monitoring treatment: anti-McelA antibody response
among HD patients and their household contacts in northeastern Brazil. Front Med, v. 9, p.
855787. doi: 10.3389/fmed.2022.855787.

O estudo foi desenvolvido com amostras de plasma coletadas durante a a¢do de busca
ativa para hanseniase no municipio de Parnaiba localizado no estado do Piaui, Brasil no ano de
2016. As amostras foram provenientes de 4 grupos de estudo: individuos sem diagnostico de
hanseniase e residentes na regido endémica para doenca (Controles Endémicos — EC); contatos
intradomiciliares de pacientes diagnosticados com hanseniase (Household Contacts — HHC);
casos novos da doenca na regido de Parnaiba-Pl (PAR) e pacientes tratados residentes no
Hospital Colénia do Carpina, Parnaiba-Pl (CAR), ex-colénia para hanseniase. As analises
laboratoriais foram realizadas objetivando dosar os niveis plasmaticos dos anticorpos IgA, IgM
e 1gG anti-McelA, assim como, correlacionar com os niveis de anticorpos APGL-I e os
resultados de PCR-RLEP para M. leprae. Os resultados evidenciaram niveis basais de producéo
dos anticorpos circulantes no grupo EC, niveis moderados de IgM anti-McelA e indices
aumentados para IgA e IgM nos HHC, aumento significativo dos valores de anticorpos IgA,
IgM e moderados para 1gG nos casos novos da doenca (PAR), no entanto, pacientes tratados
(CAR) apresentaram valores negativos de IgM anti-McelA e valores aumentados para IgA e
IgG (Figura 1).
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Figura 1. Resumo gréafico do protocolo de pesquisa e evidencias encontradas no estudo.
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Hansen’s disease (HD) is an ancient disease, but more than 200,000 new cases were
reported worldwide in 2019. Currently, there are not many satisfactory immunoassay
methods for its diagnosis. We evaluated antibodies against Mce1A as a promising new
serological biomarker. We collected plasma from new cases, contacts, and endemic
controls in the city of Parnaiba and treated patients at Carpina, a former HD colony
in Piauf state, northeastern Brazil. Receiver operating characteristic (ROC) curves were
used to assess the assay thresholds, specificity and sensitivity of the IgA, IgM, and
IgG antibodies against a-Mce1A by indirect ELISA and compared it with IgM anti-
PGL-I and molecular diagnosis by quantitative polymerase chain reaction (QPCR). Venn
diagrams were generated to represent the overlap in the antibody positivity pattern.
Multivariate analysis was performed to assess the potential predictor of antibodies for
the outcome of having an HD diagnosis. IgA and IgG were positive in 92.3 and 84% of
patients, respectively. IgM was negative for all treated patients. IgG had a sensitivity and
specificity of 94.7 and 100%, respectively. IgM-positive individuals had a 3.6 chance of
being diagnosed with HD [OR = 3.6 (95% Cl = 1.1-11.6); p = 0.028], while IgA-positive
individuals had a 2.3 chance [OR = 2.3 (95% Cl = 1.2-4.3); p = 0.005] compared
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Abstract

Hansen's disease (HD) is an infectious, treatable and chronic disease. It is the main cause of
infectious peripheral neuropathy. Due to the current limitations of laboratory tests for the
diagnosis of HD, early identification of infected contacts is an important factor that would allow
us to control the magnitude of this disease in terms of world public health. Thus, a cross-
sectional study was conducted in the Brazilian southeast with the objective of evaluating
humoral immunity and describing the accuracy of the immunoassay based on IgA, IgM, and
IgG antibodies against surface protein McelA of Mycobacterium, the predictive potential of
these molecules, the clinical significance of positivity, and the ability to segregate new HD
cases (NC; n=200), contacts (HHC; n=105) and healthy endemic controls (HEC; n=100) as
compared to a-PGL-I serology. a-McelA levels for all tested antibodies were significantly
higher in NC and HHC than in HEC (P<0.0001). The performance of the assay using IgA and
IgM antibodies was rated as highly accurate (AUC>0.85) for screening HD patients. Among
HD patients (NC), positivity was 77.5% for IgA a-McelA ELISA, 76.5% for IgM and 61.5%
for IgG, while a-PGL-I serology showed only 28.0% positivity. Multivariate PLS-DA showed
two defined clusters for the HEC and NC groups [accuracy=0.95 (SD=0.008)] and the HEC
and HHC groups [accuracy=0.93 (SD=0.011)]. IgA was the antibody most responsible for
clustering HHC as compared to NC and HEC, evidencing its usefulness for host mucosal
immunity and as an immunological marker in laboratory tests. IgM is the key antibody for the
clustering of NC patients. Positive results with high antibody levels indicate priority for
screening, new clinical and laboratory evaluations, and monitoring of contacts, mainly with
antibody indexes > 2.0. In light of recent developments, the incorporation of new diagnostic
technologies permits to eliminate the main gaps in the laboratory diagnosis of HD, with the
implementation of tools of greater sensitivity and accuracy while maintaining satisfactory

specificity.

1 Introduction

Hansen's disease (HD) is an infectious and contagious disease that mainly affects the skin, the
peripheral nerves, mucosa of the upper respiratory tract, and the eyes, being caused by bacilli
of the Mycobacterium leprae complex, which includes M. leprae and M. lepromatosis (1). HD
is the most common treatable cause of peripheral neuropathy; however, it can progress to
physical disabilities and deformities in the absence of an early diagnosis and the implementation
of effective multidrug therapy (MDT) (2). HD is classified as a major public health issue and
in 2019, with more than 200,000 new cases of HD reported worldwide and 27,864 reported in
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Brazil, a value equivalent to 93% of all cases in the Americas region and to 13.7% of the global
cases registered. The heterogeneous distribution and the epidemiological indicators of Brazil at
the global level reveal a scenario of continued transmission, with the disease representing a
priority among the health problems of the country (3). According to the World Health
Organization (WHO), as a result of the impact of the COVID-19 pandemic, more than 120,000
new cases were reported in 2020, with a 37% reduction compared to 2019 (4).

The incorporation of new laboratory technologies for an early diagnosis of HD and the
identification of infected individuals will allow the control of the transmission chain and the
global magnitude of the disease, as proposed by the WHO strategies (3). Thus, the absence of
high performance diagnostic platforms for the diagnosis of patients across the clinical spectrum
of the disease and of oligosymptomatic household contacts (HHC) are gaps in health units that
do not allow early case detection, accurate diagnosis, or prompt treatment. Currently, anti-
phenolic glycolipid-1 (a-PGL-I) serology is the most widespread tool for the complementary
diagnosis of the disease and contact with M. leprae based on antibody research. However, due
to the low and variable sensitivity and negative predictive value of this test, as well as its low
ability to detect early cases, paucibacillary patients, and macular and neural forms, its accuracy
is not satisfactory for use as a diagnostic laboratory tool (5,6,7). Parallel to this, the slit skin-
smear and the anatomopathological examination of the skin biopsy, despite having high
specificity, are also techniques that depend on the bacillary load of the host and are of low
sensitivity for effective detection and screening of HD cases and their HHC (6,7). More
recently, the introduction of molecular biology to identify bacillus DNA in clinical samples
(skin, nasal swab, and intradermal scraping) has increased the probability of detecting new
cases while maintaining high specificity and has shown that the polymerase chain reaction
(PCR) may be used to confirm most field cases (8). On the other hand, PCR is an expensive
method not available to all laboratories for the diagnosis of HD, in addition to the absence of a
gold standard laboratory test (7).

To validate new biomarkers for the diagnosis of all clinical forms of HD, infected individuals,
and characterization of these molecules in the population residing in an endemic region,
antibodies against the mammalian cell-entry protein 1A (McelA) of Mycobacterium were
evaluated. McelA is reported to mediate bacillus entry into cells in the host's reticuloendothelial
system cells and to induce their survival (9,10). Despite the presence of the McelA protein in
the Mycobacterium genus, preliminary studies have shown that conditions such as bacillus
Calmette-Guérin (BCG) vaccination and latent tuberculosis infection (LTBI) do not interfere
with the levels of anti-McelA antibodies (a-McelA) in HD patients (11,12). Previously
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published studies have reported the potential of a-McelA antibodies for the detection and
monitoring of HD, also indicating its role in the identification of asymptomatic contacts (11,12).
However, the present study is the first one carried out in a state of low endemicity in the
Brazilian southeast, including patients with macular forms and mainly neurological signs and
symptoms, representing the largest sample tested for the proposed serological assay. Thus,
determining the most appropriate test cut-off value for each region and each biomarker. On this
basis, our study aimed to describe the accuracy of an immunoassay based on a-McelA IgA,
IgM, and IgG antibodies, as well as the predictive potential of these molecules, the clinical
significance of positivity and their ability to segregate HD patients, contacts and healthy

endemic controls.

2 Materials and methods
2.1  Design and study population

A cross-sectional study was conducted at the National Referral Center in Sanitary Dermatology
and HD, University Hospital of the Ribeirdo Preto Medical School (HCFMRP-USP),
University of S&o Paulo, Brazil, from 2020 to 2022. The study population (N=405) was
classified into three groups: new HD cases without MDT (NC), household contacts of HD
patients (HHC), and healthy endemic controls (HEC).

2.1.1 New HD cases (NC)

NC (n=200) were diagnosed by clinical evaluation according to the Brazilian Ministry of Health
and WHO guidelines using recommended cardinal signs (13). The dermatological and
neurological evaluation of the patients was the confirmatory exam performed by dermatologists
and leprologists for the diagnosis of HD. Auxiliary tests to the clinical diagnosis were used,
such as assessment of tactile sensation with a Semmes-Weinstein esthesiometer, ultrasound of
peripheral nerves, and electroneuromyography, besides complementary exams such as
serology, molecular exams, and bacilloscopy. Considering that none of the classifications for
HD include all of the clinical manifestations of HD, particularly those involving macular and
pure neural forms, we classified the patients considering the guidelines adapted by Madrid
(Congress of Madrid 1953) and the Indian Association of Leprology (IAL 1982) classifications
as follows: indeterminate (I), polar tuberculoid (TT), borderline (B), borderline lepromatous
(BL), polar lepromatous (LL), and pure neural (N); and PB (I and TT clinical forms) and MB
(B, BL, LL and N forms) according to WHO operational criteria. Considering the classification
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by Frade et al (2021), patients with atypical hypochromatic macules and with altered sensation
and neurological findings were classified as having the B and MB forms (14). All newly

diagnosed patients were referred to a health unit for standard MDT.

2.1.2 Household contacts (HHC)

HHC (n=105) were defined as individuals residing or having resided in the same household
with an HD patient in the last five years at the time of diagnosis (3). All HHC were clinically
screened for signs and symptoms of HD and subjected to laboratory analysis with serological
and molecular exams. Clinical examinations were performed by dermatologists and leprologists
at HCFMRP-USP.

2.1.3 Healthy endemic controls (HEC)

HEC (n=100), representing community contacts, were defined as healthy individuals residing
in the Ribeirdo Preto region, SP, Brazil. During the last five years (2018 to 2022), the state was
classified as having low endemicity. The Ribeirdo Preto municipality was classified as having
very high endemicity in 2021 for the first time during the study period, according to the new
case detection rate of the disease. All participants reported that they had no history of diagnosis
or contact with an HD, were test-negative for human immunodeficiency virus (HIV), had no

diseases and did not use immunosuppressive drugs.

2.2 Anti-PGL-I serology

Indirect ELISA was used to measure the a-PGL-1 IgM titer of every serum sample and the cut-
off was based on the OD average among healthy subjects multiplied by 2.1 plus 10%, according
to a previously reported protocol (7, 12, 15). Serology was performed with an ND-O-BSA
(PGL-1) based glycoconjugate of bovine serum albumin (NR-19346. BEI Resources).

2.3 Molecular diagnosis of M. leprae DNA

Total DNA extraction from a skin biopsy and/or earlobes and at least one elbow, knee and/or
lesion slit-skin smear sample was performed with the QlAamp DNA Mini Kit (Qiagen,
Germantown, MD, cat: 51306) according to the manufacturer’s protocol. DNA was used to
perform quantitative PCR-RLEP according to a previously reported protocol (7,16). The
quantitative PCR (gqPCR) result was considered positive for the detection of M. leprae DNA
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with amplification up to a 40.0 cycle threshold (Ct) and melting temperature at 87.5 °C. The

maximum number of cycles used was 40.0.

2.4 Anti-McelA serological testing

Quantitative evaluation of IgA, IgM and IgG antibody a-McelA protein was performed by
indirect ELISA according to a previously reported protocol (7, 11, 12). Purified recombinant
McelA protein was provided by Dr. LW Riley (University of California, Berkeley, CA, USA).
The respective index was calculated by dividing the optical density (OD 450 nm) of each
sample by the cut-off, with indexesabove 1.0 being considered positive. The cut-off point was
based on mean OD between healthy controls compared to samples from patients with HD. The
OD data were analyzed by receiver operating characteristic (ROC) curves to determine the cut-
off point highest and matched sensitivity, specificity, and likelihood ratio, as previously
described (7, 11, 12). For all assays, negative control samples from healthy individuals with no
history of diagnosis or contact with HD, positive samples for a-McelA antibodies from patients
diagnosed with HD, and wells considered blank without the addition of specific antibodies and
with peroxidase- linked second antibody for each immunoglobulin tested were added. The OD
values of the blank wells were used for subtraction in the respective results obtained in each

well with the tested samples.

2.5  Statistical analysis

Data were analyzed with GraphPad Prism v. 9.0 software (GraphPad Inc., La Jolla, CA, USA).
Study population characteristics were analyzed by the t test and chi-squared test. Antibody level
variations were analyzed by the Kruskal-Wallis test, followed by Dunn’s test. The ability of
immunoglobulin levels to discriminate NC and HHC from HEC was evaluated by ROC curves.
The accuracy classification was based on Bowers et al (2019) (17). The level of statistical
significance was set at P<0.05. The combined performance of the antibodies in distinguishing
the groups was determined using Python 3.9.12 in the Jupyter Notebook environment. The
libraries used were Numpy 1.21.5, Pandas 1.4.2, Matplotlib 3.5.1, Scipy 1.7.3, Sklearn 1.0.2
and Shap 0.40.0. Data were first anonymized and all patient identification was excluded from
the database. For multivariate analysis, the dataset variables were transformed using the Partial
Least Square method and the two latent variables that explained most of the variance were used
to construct the graphs. The Mahalanobis distance and the Chi-square distribution with a
threshold of 0.95 were used to detect outliers. Partial Least Square-Discriminant Analysis (PLS-

DA) was implemented with a stratified cross-validation of 10 divisions and 20 repetitions and
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a variable importance in projection (VIP) score plot for important antibody identified by PLS-
DA analysis was evaluated. The VIP score value closest to or greater than 1 is the of rule thumb
for selecting relevant variables. Thus, to investigate the importance of the variables, the Shapley
values of each individual for each of the antibodies were obtained and the mean of the module
of these values was then calculated. Spearman’s correlation was used to compare the antibody
levels and classification was based on Akoglu (2018) (18). Finally, Hierarchical clustering was
performed using Euclidean distance and Ward's linkage algorithms were performed using
MetaboAnalyst 5.0. The analyzes were carried out with the antibody indexes corresponding to
each group under study, and all input data have been normalized and transformed into
logarithm. Two parameters were considered to perform hierarchical clustering. The first one is
similarity measure - Euclidean distance, Pearson's correlation, Spearman's rank correlation. The
other parameter is clustering algorithms, including average linkage (clustering uses the
centroids of the observations), complete linkage (clustering uses the farthest pair of
observations between the two groups), single linkage (clustering uses the closest pair of
observations) and Ward's linkage (clustering to minimize the sum of squares of any two
clusters). Heatmap was presented as a visual aid in addition to the dendrogram also showing
distance measure using euclidean, and clustering algorithm using ward.D, where dendrogram
data values are transformed to an average color scale displaying high values in red and low
values in blue. The study was developed with pre-specified tests and considering a-PGL-I
ELISA and PCR as reference standard and a-McelA ELISA as index test.

3 Role of the funding source
The funder of the study had no role in the study design, data collection, data analysis, data
interpretation, or writing of the report. All authors had full access to all of the data in the study

and had final responsibility for the decision to submit for publication.

4 Results

4.1 Clinical and demographic findings

The spontaneous demand for care at the health unit did not permit the recruitment of a
population with no statistically significant difference in terms of age, which on average ranged
from 41.1 to 58.5 years (P<0.0001) among the groups. Female sex was predominant among all
individuals evaluated and ranged from 55.5 to 63.8% (P=0.35). 96.5% of NC were classified

as MB and the most diagnosed clinical form was B (78.5%). Molecular diagnostic comparison
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(PCR-RLEP) showed 94.9% negative results for HHC and 43.7% positivity for M. leprae DNA
in NC (P<0.0001) (Table 1).

4.2 Anti-McelA and anti-PGL-I antibodies are biomarkers for the diagnosis of patients
and their contacts

The antibody profiles of a-McelA protein and a-PGL-I indexes in newly diagnosed HD
patients (NC), household contacts of HD patients (HHC) and healthy endemic-control
individuals (HEC) are represented in Figure 1 as median and interquartile range (IQR). a-
McelA IgA levels were significantly higher in the NC [median: 1.39 (IQR: 1.00-2.02), P
<0.0001] and HHC [median: 1.17 (IQR: 0.83-1.83), P<0.0001] groups as compared to the HEC
group [median: 0.62 (IQR: 0.42-0.81)] (Fig. 1A). IgM a-McelA was evidently increased in
HHC [median: 1.57 (IQR: 0.95-2.47), P< 0.0001] and NC [median: 1.51 (IQR: 1.025-2.32),
P<0.0001] as compared to HEC [median: 0.63 (IQR: 0.43-0.81)] (Fig. 1B). a-McelA IgG
indexes were higher in the NC [median: 1.14 (IQR: 0.87-1.51), P<0.0001] and HHC [median:
1.070 (IQR: 0.80-1.34) P <0.0001] groups than in HEC [median: 0.80 (IQR: 0.68-0.96)] (Fig.
1C). The HHC group had moderate levels of a-PGL-I IgM [median: 0.50 (IQR: 0.30-1.0),
P=0.0041] as compared to HEC [median: 0.4 (IQR: 0.2-0.6)]. The NC indexes against PGL-I
[median: 0.6 (IQR: 0.22-1.1)] showed significant differences compared to the HEC indexes (P
<0.0001). (Fig. 1D).

4.3 Performance of anti-McelA antibodies and IgM anti-PGL-I for HD diagnosis

ROC curve analysis was performed to evaluate the performance of the three immunoglobulins
against the Mcel A protein and IgM a-PGL-I for the diagnosis of NC, and the area under the
curve (AUC), cut-off, sensitivity and specificity values with 95% CI are shown in Table 2. a-
McelA IgA had the best significant performance with AUC=0.90 (CI: 0.87-0.93; P<0.0001),
with a case detection probability of 77.5% (CI: 71.1- 83.1%) and 89% (CI:81.2-94.4%)
specificity. IgM showed a performance with AUC=0.87 (CI: 0.83-0.91; P<0.0001), with a
76.5% chance of correct classification (Cl: 70.0-82.2%) of new cases and an 88% probability
of identifying true negative individuals (Cl: 80.0-93.6%). The performance of the assay using
IgA and IgM antibody was rated as having high accuracy (AUC>0.85) for screening HD
patients. The serological test with 1gG showed AUC=0.75 (CI: 0.69-0.80; P<0.0001), 61.5%
sensitivity (Cl: 54.4-68.3%) and 96% specificity (Cl: 90.1-98.9) and was classified as having a
moderate probability of providing correct results (AUC=0.75-0.85). The a-PGL-I test showed
performance with an AUC=0.67 (Cl: 0.61-0.72; P<0.0001), 34.6% (Cl: 28.5-41.2%)
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probability of case detection and 96% (Cl: 90.1-98.9%) specificity. The performance of a-PGL-
| serology was classified as having low accuracy (AUC<0.75). The absence of difference
between NC and HHC in all analyses for immunoglobulin levels led to the evaluation of the

ELISA performance only for the group of patients compared to controls (HEC).

4.4 Positivity and evaluation of serological biomarkers in parallel

The performance of the a-McelA assay was also evaluated based on the percentages of
biomarker seropositivity (Table 3). IgA a-McelA ELISA for NC was positive in 77.5%
(155/200) of patients, IgM in 76.5% (153/200), IgG in 61.5% (123/200) and a-PGL-I serology
in 28.0% (56/200) of positive NC. HHC were 11.8%, 6.0%, 4.5%, 8.0% less seropositive for
the tested antibodies, respectively, as compared to NC. The use of the a-McelA immunoassay
in NC compared with HEC showed 7.0x more positivity for IgA a-McelA, 6.4 for IgM and 2.9
for IgG. None of the assays performed with HEC samples showed antibody indexes > 2.0. A
positive serological test with a > 2.0 index in HHC and NC, respectively, was obtained in 20.0%
and 26.5% for IgA ELISA, in 32.4% and 34.0% for IgM ELISA, in 8.6% and 7.0% for IgG
ELISA, and 3.8% and 2.0% for IgM a-PGL-I. The use of the new a-McelA IgA, IgM, and 1gG
biomarkers allowed an increase of 49.5%, 48.5%, and 33.5%, respectively, in the detection of
NC as compared to the use of a-PGL-I serology.

Parallel analysis of markers with a-McelA ELISA showed results with up to 5.0%
seropositivity for all antibodies tested in the HEC group and 14.3% and 17.0% for HHC and
NC, respectively. Thus, the combination of positivity for two tested antibodies showed greater
overlap for IgM+1gG in the HHC (27.6%) and for IgA+1gG in NC (36.0%), an increase of
positivity of 5.7% for HHC and of 19.0% for NC, as compared to the serial evaluation with
IgA+IgM+IgG. For all overlaps performed, NC showed better seropositivity results (Table 3).
The low seropositivity and accuracy of the a-PGL-I serology meant that the authors did not use

it in the subsequent analyzes of the study.

4.5 Multivariate Models employed to distinguish endemic controls, HD patients and
contacts by means of the new serological biomarkers

The comparison of a-McelA antibody levels among NC, HHC and HEC is shown in Fig. 2.
The performance of the model was evaluated using the intercept coefficient of determination
(R?), predictive relevance (Q?) and significance of the permutation test (PT). Multivariate PLS-
DA [R2=0.38 (SD:0.01); Q?=0.42 (SD:0.28); PT: P=0.009] showed two defined clusters for the
HEC and NC groups [accuracy=0.95 (SD=0.008)] and had the highest scores driving the cluster
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separation (LV1=56.99%) (Fig. 2A). HEC and HHC [R?=0.40 (SD:0.01); Q?=0.36 (SD:0.32);
PT: P=0.009] also obtained excellent accuracy [accuracy=0.93 (SD=0.011)] and scores driving
the cluster separation (LV1=61.92%) (Fig. 2D). The analysis performance for the HHC and NC
groups [R?=0.01 (SD:0.004); Q?%=-2.03 (SD:4.3); PT: P=0.56] was not satisfactory
[accuracy=0.56 (SD=0.024); LV1=37.7%] (Fig. 2G). The ROC curve for model performance
in discriminating the groups showed that IgM had the best accuracy in discriminating between
HEC and NC (AUC=0.87) (Fig. 2B) and HEC and HHC (AUC=0.86) (Fig. 2E). The a-McelA
IgG antibody showed the lowest accuracy among these groups (AUC=0.75 and 0.72,
respectively). a-McelA antibodies showed a low performance of IgA (AUC=0.54), IgM
(AUC=0.51) and IgG (AUC=0.50) in segregating HHC and NC due to the absence of difference

in immunoglobulin levels in these groups (Fig. 2H).

The ranking of the evaluated antibodies indicated that, in the discrimination among the groups
after multivariate analysis, IgA a-McelA obtained a VIP score higher than 1 (VIP: 1.22; 1.13;
1.51), being the biomarker most responsible for the clustering of these groups (Fig. 2C, F, ).
The IgM antibody was the second relevant biomarker distinguishing between NC and HHC
versus HEC (VIP: 0.96; 0.99, respectively). However, the IgG antibody was found to be the
second most ideal biomarker only for the analyses between HHC and NC (VIP: 0.74) (Fig. 21).

4.6 Anti-McelA antibodies associated with HD diagnosis by means of Shapley values

Comparative assessment of a-McelA antibody levels in HHC and NC had preferably positive
Shapley values, suggesting that these conditions always tended to diagnose infection and/or
disease. The values were represented as group means and as minimum and maximum values of
individuals. Figures 3 A, C, and E plotted Shapley values for each individual while figures 3 B,
D, and F the average of the absolute values (modules). The IgA antibody showed the highest
positive Shapley value in the analyses between HEC and NC (Fig. 3. A-B) i.e., 0.173 (range: -
0.348-1.017), a value of 0.169 (range: -0.329-0.707) between HEC and HHC (Fig. 3 C-D), and
a lower value of 0.039 (range: -0.096-0.215) between HHC and NC (Fig. E-F). The Shapley
values of 19G a-McelA for HHC and NC as compared to HHC and HEC appear clustered and
partially negative [0.017 (-0.301-0.032)], thus suggesting that antibody positivity in these
groups had less potential for association with the diagnosis of HD due to their similar response.
On the other hand, the 1gG antibody ranked better than the IgM a-McelA antibody in the
evaluation of the difference between HHC and NC. IgM was found to be clustered and with
most positive Shapley values (Fig. 3 E-F) [0.013 (-0.019-0.112)], thus being the marker that,
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after IgA, showed a positive impact on HD diagnosis between HHC and NC. In light of these
results, the values obtained with the IgA and IgM a-McelA antibodies ranged from negative to
positive for all group comparisons, thus suggesting that these conditions were always leaning
towards HD diagnosis (Fig. 3 A-F).

Thus, the higher the IgA value, more PLS-DA tended to classify the individual as NC, and the
lower its value or negative as HEC. The same is true for IgM. For IgG, the higher its value, the
more the model tended to classify as HEC. This behavior was caused by the association of the
IgG antibody with treated patients and low seropositivity in the diagnosis. The figure in (B)
shows that IgA contributed more than IgM, which contributed more than IgG. In (C), the higher
the Shapley value, the more the model tended to classify as HHC. In (E), the higher the Shapley

value, the more the model ranked the individual as NC.

4.7 Correlation of Immunoglobulins against McelA protein

Matrix correlation of a-McelA antibody levels among the study groups was calculated and the
values are shown in color scale. NC and HEC showed a fair correlation between IgA and IgM
(r=0.46; P<0.001) and between IgA and IgG (r=0.50; P<0.001). IgM and 1gG showed a
moderate positive correlation (r=0.66; P<0.001) between these two groups (Fig. 4A). All
positive correlations were fair for HHC and HEC, with r=0.42-0.59 (P<0.001) (Fig. 4B). The
correlation between HHC and NC for IgA and IgM was poor (r=0.074; P=0.186) and the
correlation for IgA versus IgG and for IgM versus 1gG was classified as fair (r=0.42; P<0.001)
and moderate (r=0.59; P<0.001), respectively (Fig. 4C). Further analyses demonstrated that o-
McelA IgA correlated poor (r=0.15; P=0.04), IgM, and IgG (r=0.37; P<0.0001) fair with a-
PGL-I indices. The proposed assay with McelA was able to detect different individuals in

comparison with PGL-I serology.

4.8 Anti-McelA serology was able to provide hierarchical clustering for the individuals

evaluated

We combined these plasma antibodies indexes with the group’s classification in HEC, HHC,
and NC to apply machine learning using hierarchical methods of cluster analysis and as the
main objective of the algorithm to provide the level of importance of each biomarker for each
group through the heatmap. The following results were obtained: a-McelA IgA and IgM
serology yielded essential results for NC identification as compared to HEC (Fig. 5A);
positivity for ELISA IgA was responsible for the clustering of HHC, while 1gG ELISA was
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responsible for the clustering of HEC (Fig. 5B), showing a very low involvement of IgM
serology in the clustering of these two groups (HHC and HEC); positive samples for IgA and
IgM distinguished NC from HHC, with IgA being the most intense antibody in terms of
clustering performance in the HHC group (Fig. 5C).

5 Discussion

The present results confirm the biomarker potential of a-McelA antibodies in the diagnosis of
patients with HD, the screening of their contacts, and the assessment of exposure to the bacillus
in endemic regions (Fig. 6). The published results (11,12) of the analysis with antibody levels
in the different clinical forms and operational classification do not show differences between
these groups for levels of a-McelA immunoglobulins. Also, there is no correlation or
association between PCR positivity or bacillary load with positivity or higher levels of a-
Mcel A antibodies in the tested samples. Thus, a-Mcel A serology differs from the a-PGL-I
tool, which has been consolidated in the literature for correlation with bacillary load,
operational classification, and multibacillary clinical forms. Therefore, the work analysis
strategies aimed to identify patients with HD regardless of clinical classification and laboratory
results for PCR, bacilloscopy, and a-PGL-I serology.

Serological testing for IgA is presented as an additional tool for the diagnosis and classification
of HD, with potential utility for exposure monitoring of household contacts. In agreement with
our data, Silva et al (2021) reported greater IgA reactivity against the conjugated antigen formed
by natural octyl disaccharide linked to human serum albumin (NDO-HSA) among household
contacts of PB and MB patients than among non-endemic controls (19). Accordingly, a-McelA
IgA showed satisfactory accuracy (AUC 0.90) with 77.5% sensitivity and 89.0% specificity
and revealed greater seropositivity of the immunoglobulins tested in patients, with 77.5% for
new cases and 65.7% for contacts. In parallel, our analyses show that IgA was the antibody
most responsible for clustering contacts between patients and endemic controls.

IgA is an antibody associated with the mucosal response, the main gateway of the bacillus in
the establishment of infection, participating in the early stages of HD and in subclinical
infection (19,20,21). The importance of IgA for host mucosal immunity is well established and,
although its role in the systemic circulation has not been fully elucidated (22), its usefulness as
an immunological marker in laboratory tests has been confirmed.

Most published studies use IgM as a target molecule in serological assays in view of the fact
that the seroprevalence of a-PGL-I IgM is higher than the seroprevalence of IgA and IgG in

endemic areas (23). IgM-seropositive individuals are at higher risk of developing the disease
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(24); however, IgM seropositivity is not predictive of the disease, as demonstrated with a-PGL-
I IgG (5, 25). The findings using IgM and a-PGL-I IgG corroborate the data obtained with a-
McelA serology. In the evaluation of previous M. leprae infection as a risk factor for diagnosed
transmission through IgM a-PGL-1 serology, IgM represents a biomarker of greater sensitivity
than 1gG since it can be detected in many individuals already infected with the bacillus despite
the absence of disease (23, 26, 27). The diagnostic performance of a-PGL-1 ELISA was only
28.0% for new cases of HD and 20.0% for their contacts, with a 34.6% probability of case
detection, and 96.0% specificity. Thus, 48.5% fewer positives were identified in comparison
with IgM a-McelA serology.

IgM a-McelA had high accuracy (AUC 0.87) with a chance of correct classification of 76.5%
of new cases and 88.0% specificity; 76.5% of newly diagnosed patients with the disease and
70.5% of household contacts were seropositive in ELISA.

Positive results with a high index indicate the priority for screening, new clinical and laboratory
evaluations, and monitoring of contacts, mainly with indexes > 2.0. These results were obtained
here in 32.4% of contacts and 34.0% of new HD cases with positivity in the IgM a-McelA
immunoassay. Thus, IgM is the key antibody for the clustering of new cases in relation to the
other groups evaluated (HHC and HEC).

The ELISA results for all tested immunoglobulins were negative for an index > 2.0 in healthy
individuals from the endemic region, emphasizing the importance of serologies with a high
value of seropositivity (>2.0) in patients and their contacts. IgA serology with values >2.0 was
positive in 26.5% of patients (NC) and 20.0% of contacts. On the other hand, rates higher than
> 2.0 for IgG a-McelA were only detected in 7.0% of the cases and 8.6% of the contacts. Thus,
having positive serology for the contact and the case demonstrates the need for greater clinical
surveillance of these individuals and the differentiation between these groups will be based on
the clinical diagnosis, which remains the confirmatory evidence and gold standard for the
diagnosis of HD.

Disease control and protective immunity in HD are associated with effective cellular immunity
of T cell responses. Studies evaluating antibody responses are primarily focused on their utility
as a serological diagnostic tool. Rada et al (2012) showed that IgG responses decrease in MB
and PB patients during treatment with MDT when using 1gG against M. leprae antigens such
as ML0405, ML2331, and LID-1 aiming to monitor the treatment of patients with the non-
reactive LL form (28). However, data from assays targeting the detection of a-McelA IgG
show variable seropositivity according to endemicity, showing that there may be a lower

frequency of positives (61.5%) in less endemic regions and a high seroprevalence in new cases
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in a hyperendemic region (84.0%), as reported by Lima et al (2022). Patients treated with MDT
had the highest rate of 1gG positivity, which was detected in 89.5% of the patients evaluated in
the study (12).

Recently, different cases of patients treated at an emergency unit in the Brazilian southeast were
clinically diagnosed with HD and characterized by presenting hypoanesthetic skin lesions and
thickened nerves, with peripheral nerve ultrasound demonstrating asymmetric and focal
multiple mononeuropathy, and also with a positive molecular diagnosis in all patients tested by
RLEP-PCR. Confirming the potential and innovative aspect of the new markers proposed for
HD serology, 71.4%, 100%, and 42.8% of patients were positive for IgA, IgM, and IgG a-
Mcel A, respectively. However, 100% were negative for a-PGL-1 IgM (29).

Laboratory assays using a-PGL-I and a-LID-1 by ELISA and rapid test platforms with NDO-
LID show low sensitivity and accuracy and are not recommended for isolated use in the
diagnosis of HD, considering the complexity of the immunological presentations and the
clinical aspects of the disease. A study by Frade et al (2017) demonstrated 48-62% sensitivity
and 70% specificity for a-PGL-I and a-LID ELISA and 40% specificity for NDO-LID (30).
Other reports evaluating different studies with protocols using the PGL-I antigen demonstrated
an average sensitivity of 63.8% and an average specificity of 91% as a diagnostic method in
HD but are indicated mainly in MB cases, due to low positivity in PB cases. (6).

The development of serological tests using antigens shared by a genus of a pathogen requires
the evaluation of potential factors that can cause cross-reactivity in the results, such as
vaccination with BCG, which is widespread in Brazil (> 90%) (31). The response to a-McelA
antibodies was evaluated by Lima et al (2017) in individuals with one or two BCG scars.
However, in this study, we did not evaluate the response in newly vaccinated contacts and the
proposal of the serological diagnosis during the clinical investigation of the patients and
contacts before any prophylactic and/or therapeutic method for HD. Levels of antibodies
against M. tuberculosis proteins (32) and LTBI did not induce distinct levels of a-McelA
antibodies in the diagnosis of HD patients (11,12,33). A linear immunodominant epitope
KRRITPKD (residues 131 and 138 in McelA) is highly conserved in M. tuberculosis, which is
a possible explanation for the difference in response between patients with tuberculosis and
HD, despite the homology between the mcel gene (12, 34). Thus, allowing less chance of cross-
reactions between individuals infected with both species of mycobacteria. However, it is a
limitation of the a-McelA antibody assay for diagnosing HD in patients also diagnosed with or
with a recent history of active tuberculosis. We sought to use three different antibodies (IgA,

IgM, and IgG) to minimize bias and ensure the different proposed interpretations, such as
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diagnosis, potential subclinical infection, contact with M. leprae, and patients already treated
for HD.

In parallel, for the determination of the cut-off value in populations with different endemic
profiles, we need to know the pretest probability of the disease of interest as well as the costs
incurred by misdiagnosis. Accordingly, the cut-off value is not universal and should be
determined for each region and each disease condition according to endemicity (35). We still
do not have commercially available serological tests capable of detecting cases with high
sensitivity and accuracy. Thus, more exploratory studies to characterize new molecules capable
of providing an immunological signature with high sensitivity and maintaining specificity are
implemented as an advance in the search for new technologies to aid in the diagnosis of HD
and the screening of contacts. Currently, a-McelA serology has not been able to distinguish
contacts and patients with active disease, requiring further studies to understand whether
seropositivity for the markers among household contacts is a predictor of the development of
active disease or will only allow the identification of the contact with the bacillus regardless of
disease progression. The seropositivity pattern of contacts for the tested immunoglobulins,
similar to that found in patients and absent in healthy endemic controls, contributes as one more
alert test for better clinical follow-up of positive contacts. a-McelA serology corrects the main
shortcomings in accuracy of the previous serology (PGL-1), as it demonstrates greater
sensitivity, regardless of the clinical form or bacillary load.

The PCR-RLEP technique proved to be a methodology for identifying patients at diagnosis due
to its positive rate (33.3%). The molecular technique showed performance with a positivity rate
of 3.8% in household contacts. Thus, it represents another high-specificity diagnostic platform
assisting with the diagnosis and screening of potential subclinical cases. Sensitivity can range
from 51% to 91%, and specificity from 46% to 100% (6). A study published in the same
endemic region identified a PCR positivity rate of 41.0% and sensitivity and specificity of
41.0% and 100% for HD patients, respectively (7). The evaluation of cases using complex
neurological assessment techniques permits a better classification of patients into MB forms
(2). In the present study more than 70.0% of the cases were diagnosed with the B clinical form
and 96.5% with the MB form, mainly in patients with atypical hypochromatic macules with
altered sensation, neurological findings on hands and feet, and lower bacillary load.

In line with the search for new tools for an early diagnosis such as ELISA a-McelA, the
treatment of these cases is the next step towards achieving the goal of eliminating the disease
in the community. As reported by the WHO, case detection and treatment with MDT alone are

insufficient strategies to interrupt transmission. Thus, to boost the prevention of HD, the current
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recommendation is an active search of the household and social contacts of each patient,
accompanied by the offer of preventive chemotherapy (3).

In summary, the present data suggest that combined serological testing based on IgA, IgM, and
IgG a-McelA antibodies should be performed in order to ensure an interpretation of the three
possibilities proposed for the new markers: positive IgA and/or IgG indicative of contact with
the bacillus due to the strong positive correlation between these antibodies; positive IgM for
diagnosis or priority for further clinical follow-up of contacts; Negative IgM and positive 1gG
as a form of therapeutic monitoring after MDT use. Serological assays are complementary
diagnostic platforms, clinical correlation is always necessary and the region's endemicity is
considered. Finally, the incorporation of new diagnostic technologies makes it possible to
eliminate the main gaps in the laboratory diagnosis of HD with the implementation of tools of
greater sensitivity and accuracy while maintaining satisfactory specificity. This procedure
contributes to the goals of the WHO for the identification of initial and infected cases and for
the interruption of bacillary transmission in the family environment, effectively reaching zero

disability and eliminating the stigma of Hansen’s Disease.
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13 Tables
Table 1. Study population characteristics (N=405).
HEC HHC NC b_value
n=100 n=105 n=200
Age, years, mean (SD) 58.5(16.7) 41.1(17.7) 54.2(17.2)  <0.00012
Sex, n (%)
Male 40 (40.0)  38(36.2) 89 (44.5) 0.35
Female 60 (60.0)  67(63.8) 111 (55.5)
Operational Classification, n (%)
PB - - 7 (3.5)
MB - - 193 (96.5)
Clinical Form, n (%)
I - - 1(0.5)
TT - - 6 (3.0)
B - - 157 (78.5)
BL - - 5 (2.5)
LL - - 10 (5.0)
N - - 21 (10.5)
PCR-RLEP, n (%)
Negative - 75(94.9)° 80 (43.7)° <0.0001°
Positive - 3(3.8) 61 (33.3)

aComparison by the Kruskal-Wallis test.

®Comparison by the chi-square test.

Data not available for 14 HHC.

dData not available for 53 NC.

HEC, healthy endemic controls; HHC, household contacts of HD patients; NC, new cases of HD; SD,
standard deviation; PB, paucibacillary; MB, multibacillary; I, indeterminate; TT, tuberculoid; B,
borderline; BL, borderline-lepromatous; LL, lepromatous; N, neural; PCR-RLEP, quantitative polymerase
chain reaction-specific repetitive element.

Table 2. Comparison of the performance of IgA, IgM and IgG a-McelA protein and IgM a-
PGL-I for the diagnosis of new HD Cases (n=200)

. Cut-off  Sensitivity % Specificity % LR+
Antibody AUC (95%CI) P-value (0.D) (95%CI) (959%CI)
a-McelAIgA  0.90(0.87-0.93) <0.0001 0.189 77.5(71.1-83.1) 89.0(81.2-94.4) 7.045
a-McelA IgM  0.87(0.83-0.91) <0.0001 0.146  76.5(70.0-82.2) 88.0(80.0-93.6) 6.375
a-McelA IgG  0.74(0.69-0.80) <0.0001  0.172  61.5(54.4-68.3) 79.0(69.7-86.5) 2.929
a-PGL-1IlgM  0.67 (0.61-0.72)  <0.0001  0.295 34.6(28.5-41.2) 96.0(90.1-98.9) 8.662
AUC, area under the curve; CI, confidence interval; O.D., optical density; LR+, positive likelihood ratio; McelA,
mammalian cell-entry protein 1A; IgA, immunoglobulin A; IgM, immunoglobulin M; IgG, immunoglobulin G;
PGL-I, phenolic glycolipid-I.




Table 3. Positivity profile of serological biomarkers in HD diagnosis

Seropositivity HEC HHC NC
n (%) (n=100) (n=105) (n=200)

a-McelA IgA

>1.0<2.0 11 (11.0) 48 (45.7) 102 (51.0)

>2.0 0 (0) 21 (20) 53 (26.5)
Total 11 (11.0) 69 (65.7) 155 (77.5)
a-McelA IgM

>1.0<2.0 12 (12.0) 40 (38.1) 85 (42.5)

>2.0 0 (0) 34 (32.4) 68 (34.0)
Total 12 (12.0) 74 (70.5) 153 (76.5)
a-McelA 1gG

>1.0<2.0 21 (21.0) 51 (48.6) 109 (54.5)

>2.0 0 (0) 9 (8.6) 14 (7.0)
Total 21 (21.0) 60 (57.2) 123 (61.5)
a-PGL-1 IgM

>1.0<2.0 4 (4.0) 17 (16.2) 39 (19.5)

>2.0 0 (0) 4(3.8) 17 (8.5)
Total 4 (4.0) 21(20.0) 56 (28.0)
a-McelA IgA+IgM+IgG

>1.0<2.0 1(1.0%) 10(9.5) 26 (13.0)

>2.0 0 (0) 5(4.8) 8 (4.0)
Total 1(1.0%) 15(143) 34(17.0
a-McelA IgA+IgM

>1.0<2.0 2(2.0%) 15(14.3) 44 (22.0)

>2.0 0 (0) 6 (5.7) 16 (8.0)
Total 2(2.0%) 21(20.0) 60 (30.0)
a-McelA IgA+1gG

>1.0<2.0 5 (5.0%) 1(0.9) 61 (30.5)

>2.0 0 (0) 8 (7.6) 11 (5.5)
Total 5 (5.0%) 9 (8.5) 72 (36.0)
a-McelA IgM+1gG

>1.0<2.0 4(4.0%) 23(21.9) 48(24.0)

>2.0 0 (0) 6 (5.7) 10 (5.0)
Total 4(4.0%) 29(27.6) 58(29.0)

HEC, healthy endemic controls; HHC, household contacts of HD patients;
NC, new cases of HD; McelA, mammalian cell-entry protein 1A; IgA,
immunoglobulin A; IgM, immunoglobulin M; 1gG, immunoglobulin G.
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Figure 1. Biomarkers for the diagnosis of HD patients and their contacts. IgA (A), IgM (B),
IgG (C) a-McelA and anti-PGL-1 (D) antibody indexes in plasma samples from HEC (n = 100),
HHC (n=105) and NC (n=200). Statistical significance was determined by the Kruskal Wallis
test followed by the Dunn test; significance was considered at *™**P<0.0001 and, "*P=0.0041.
The respective index was calculated by dividing the optical density (O.D. 450 nm) of each
sample by the cut-off. Indexes above 1.0 were considered positive. HEC, healthy endemic controls;

HHC, household contacts of HD patients; NC, new cases of HD; IgA, immunoglobulin A; IgM, immunoglobulin

M; 1gG, immunoglobulin G.
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Figure 2. Simultaneous analysis of a-McelA antibodies in the clustering of groups. Partial least

squares-discriminate analysis (PLS-DA) plot of IgA, IgM and IgG a-McelA combined from
HEC, HHC and NC. PLS-DA score scatter plots for HEC (green) and NC (red) (A); HEC and
HHC (yellow) (D); HHC and NC (G). Rank of the different immunoglobulins identified by

PLS-DA according to the Variable Importance in Projection (VIP score) on the x-axis. The

colored boxes on the right indicate the relative levels of the corresponding antibody (OD) in

each group under study (C, F and, ). Receiver operating characteristic (ROC) curve for

schematic performance of PLS-DA classifiers over the validation set for combined antibodies
and isolated levels in the NC and HEC (B), HHC and HEC (E), HHC and NC (H) groups. HEC,

healthy endemic controls; HHC, household contacts of HD patients; NC, new cases of HD; IgA, immunoglobulin

A; IgM, immunoglobulin M; IgG, immunoglobulin G.
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Figure 3. Contrasting Shapley values for impact on HD diagnosis for all antibodies against
McelA protein. Each marker in the scatter plots corresponds to an individual and red to blue
shades correspond to negatives to positive Shapley values (A, C, E). The scatter plots expose
not only the importance of a potential risk factor for HD diagnosis but also its range of effects
over the NC and HEC (A), HHC and HEC (C), HHC and NC (E) groups. Scatter plots B, D,

and F showed average Sharpley values for the respective comparisons. HEC, healthy endemic
controls; HHC, household contacts of HD patients; NC, new cases of HD; IgA, immunoglobulin A; IgM,

immunoglobulin M; IgG, immunoglobulin G.
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Figure 4. Immunoglobulins against McelA protein correlate weakly and moderately.
Correlation matrix of a-McelA antibodies for NC and HEC (A), HHC and HEC (B), HHC and
NC (C). Spearman’s correlation coefficients between two pairs of variables are shown in the
heatmap. Red to blue shades correspond to increasing values of Spearman’s correlation

coefficient, as shown in the color bar. HEC, healthy endemic controls; HHC, household contacts of HD

patients; NC, new cases of HD; IgA, immunoglobulin A; IgM, immunoglobulin M; IgG, immunoglobulin G.
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Figure 5. The indexes of anti-McelA biomarkers can cluster hierarchically. The Clustering
result is shown as a dendrogram and heatmap (distance measure using similarity measure -
Euclidean distance, and algorithm using clustering to minimize the sum of squares of any two
clusters - Ward's linkage). Hierarchical cluster analysis was performed using normalized and
transformed antibody indexes. Each sample begins as a separate cluster and the algorithm
proceeds to combine them until all samples belong to one cluster for HEC and NC (A), HEC
and HHC (B), and HHC and NC (C). The heatmap shows the dendrogram data values
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transformed into an average color scale with high values in red and low values in blue. HEC,

healthy endemic controls; HHC, household contacts of HD patients; NC, new cases of HD; 1gA, immunoglobulin
A; IgM, immunoglobulin M; IgG, immunoglobulin G.
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Figure 6. Proposed model of the stimulus and utility of specific antibodies against McelA
protein in the laboratory diagnosis of HD based on the level of seropositivity for patients,

household contacts and endemic controls. HEC, healthy endemic controls; HHC, household contacts of

HD patients; NC, new cases of HD; McelA, mammalian cell-entry protein 1A.
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6 CONCLUSAO

A andlise do desempenho das tecnologias in vitro disponiveis para auxilio ao
diagnostico da hanseniase permite concluir que ndo ha exame laboratorial capaz de detectar
todas as formas clinicas da hanseniase e individuos apenas infectados. Ainda hoje, o diagnéstico
baseia-se majoritariamente no exame clinico dermatolégico e neurologico. As habilidades e
competéncias necessarias para o diagndstico, tratamento e gestdo por parte dos profissionais de
salde sdo insatisfatdrias, levando a diagndsticos tardios, subdiagndstico, incapacidades fisicas,
evolucdo para deficiéncias, comprometimento socioeconémico e transmissdo continuada do
bacilo M. leprae.

Nos Gltimos anos, diferentes metodologias de imunoensaios foram desenvolvidos para
deteccdo de anticorpos a-PGL-I, 0 biomarcador espécie especifico de M. leprae mais estudado,
incluindo ELISA e testes rapidos de fluxo lateral que incorporam PGL-I sintético ou
glicoconjugados de proteinas. Assim como, a deteccdo de DNA de M. leprae em raspados
intradérmicos e/ou bidpsias de pele usando PCR convencional ou guantitativa também tem se
apresentado muito Util para detectar portadores assintomaticos ou casos complexos,
demonstrando-se como uma superioridade na acuracia e sensibilidade diagnostica quando
comparado a sorologia a-PGL-I. Contudo, a PCR possuiu alto custo e necessidade de avancada
infraestrutura laboratorial o que impede a sua utilizacdo fora dos centros de referéncia e
institutos de pesquisa. Logo, esses testes diagnosticos sdo limitados por possuirem variavel
desempenho na deteccdo dos casos em todo o espectro clinico da doenca.

Paralelo a isso, as analises de acurécia entre PCR e sorologia «-PGL-I comparando com
a baciloscopia do raspado intradérmico, unico teste laboratorial considerando como sinal
cardinal para diagndstico da hanseniase pela OMS, demonstrou que a baciloscopia € um método
de baixa sensibilidade, acurdcia e valor preditivo negativo devido ao seu insatisfatorio
desempenho na detecgdo eficaz dos casos de hanseniase. Sendo o uso da PCR e sorologia mais
sensivel e acurado para o diagndstico laboratorial da doenga mesmo em individuos de baixa
carga bacilar.

Por outro lado, diante da necessidade de uma ferramenta simples, de baixo custo e ainda
mais sensivel e acurada, novas plataformas tecnoldgicas de diagnoéstico para monitorar o
tratamento e avaliar as transmissGes domiciliares em unidades de satude de menor complexidade
e de forma descentralizada necessitam ser incorporadas no fluxo de busca ativa e cuidados da
hanseniase. Assim, a eficacia do ELISA para deteccao de anticorpos IgA, IgM e IgG contra a

proteina McelA demonstrou o seu potencial inovador como teste para diagnosticar a
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hanseniase, seguimento dos casos no tratamento, triagem dos contatos intradomiciliares e
avaliacdo do nivel de exposicéo ao bacilo na comunidade baseada na endemicidade da reagido.

O ensaio sorolégico a-McelA corrige as principais lacunas do teste sorolégico a-PGL-
I, pois demonstra maior sensibilidade, independente da forma clinica ou carga bacilar. Com a
soropositividade elevada e semelhante entre contatos, casos novos de hanseniase e pacientes
tratados com a PQT, o ELISA para pesquisa de anticorpos IgA a-McelA indicou ser um
marcador de contato com o bacilo M. leprae e, assim, NOvVos €asos e seus contatos em regides
com diferentes perfis de endemicidade podem ser identificados, com tambeém, no auxilio do
monitoraramento de pacientes com alta carga de doenca no diagnostico e nos casos de
reexposicdo antigénica por insuficiéncia terapéutica. A analise de associacdo do resultado
positivo para 0s exames e de ter o diagnostico de hanseniase demonstrou o potencial do ELISA
IgM a-McelA positivo para a deteccdo de doenca ativa e rastreio de contatos potencialmente
infectados ou oligossintomaticos. Por outro lado, a alta soropositividade e desempenho
diagndstico do ELISA para anticorpos IgG a-McelA em conjunto com a auséncia da resposta
de anticorpos IgM anti-McelA entre pacientes tratados indicaram o valor desses biomarcadores
para monitorar a resposta terapéutica.

Em resumo, o diagndstico da hanseniase é um desafio técnico e pratico principalmente
nos casos maculares iniciais e os predominantemente neurais. O desenvolvimento tecnolégico
e o investimento cientifico na area das doencas negligenciadas, como a hanseniase, é
fundamental para o controle da doenga como problema de saude publica nacional e sendo a
prospecdo de novos exames laboratoriais de maior sensibilidade e acuracia, mantendo
especificidade satisfatoria uma proposta para eliminagdo das principais limitagdes no
diagnostico laboratorial da hanseniase. Assim, novos biomarcadores para alcance das metas da
OMS na identificacdo dos casos iniciais e infectados e para a interrupg¢ao da transmissao bacilar

satisfaz os pilares de execucdo das pesquisas com impacto social e retorno ao SUS.
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- idenificar blomarcadores sorologicos de seguimento clinkco, bactenoogico & Brapsutico dos paclantas
oMM hansaniase durants o wso da POT,;

» Dedectar anticonpos capazes o indicar o desenweivimento de asiados reacionals da hanseniase;

= Obter resultados para prospectac de plataformas tecnologicas de diagnostico, monlioraments &
prognostico de balxo cusio o aplcavel a alencac baslica de saude (Kit para ELISA & testes rapioos);
» Correlacionar o5 nivels dos anticorpos anti-Mcal A & anti-lipidics com dados clinlcos (exame
dermatologico, USGE, estesiumetria), labomionas (bacloscopla, DNARNA, marcadorss neuras), os nivels
de an@corpos ant-PGL1 e ant-LID dos paciksnias & comunicantas.

Avaliagao dos Rlecos e Beneficlos:

O pecquizadores dSscraveram de mansira adsquada todos os riscos @ benaficlos Inarentss aos
paricipanies dessa pesquisa, bem como elencaram actratbgias para mindmizar o5 rscos. Serd felia apenas
uma conshieragdo quanio a0 risco da colsta de sangus N TCLE.

Comentarios e Conslderagies sobre a Pesquiza:

Confonme dife anteriorments, a pesquisa Tera uma parts refrospectiva e outra parte prospeciva.0 estudo
retrospectiyo sard desenvolido no Laboraboro de Cicatrizagso @ Hansanlass da Faculdade de Madicina de
Aicalrdo Preto (FMAP) da Universidade de S30 Paulo (USP). A avalagdo prospectiva 5erd executada am
colaboragdo com o ambulatono de referencla no Brasll em dlagnostico da hanseniase, modsio am
assisiancia, vigliancla spldemiologica, ensino @ pesquisa do Hospital da Clinleas (HC) da Faculdads de
Madicina da Ribsirdo Prato (FMAP) — Unhversidade de 530 Pauls (USP). Mo método encontam-sa descritas
todas as efapas do projeto, ipe de amostra, parfcipantss, NUmen oe participaniss, local 8 FecURMents,
profpcod da codsta & andllse dos dados. VInculado ao projsto, 05 pasqulsacones soliciaram a apreclagio de
um nowvo blormepositeno. Tal solicifagio encontra-se adeguadamsnis apresentada, contendo todos 08
alamsanios necessanos.

Conglderapies 20bre o0& Termos de apresentacio obrigatoria:

Tooos 05 COCUMEnins NEcasSAN0s pard 4 ApFeciagas do (Mojein & oo orreposiono foram

Enderaga:  CAMPLE UNIVERSITARID

Badrro: BONTE ALEGRE CEF: 14048500
UF: GF Municipio:  RIEEIRAD FRETO
Telsbone: |16)3602-2228 Fax: [15)3633-1144 E-mail: capéhhorp.usp.te
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*’) ~ USP - HOSPITAL DAS
CLINICAS DA FACULDADE DE gzmﬂ““

C=P MEDICINA DE RIBEIRAO
HLRF -FURP-LIGP FHEFD DA USF -

ool il ok P 4. 140 S04

asquadaments apresentados.

Recomendasies:

Solicita-s6 uma adequagio no GIme paragrafe da pagina 2 do TCLE: "Cuanto ao matarial, sara colstaco
aproximadameants 5 mL de sangue. Nao haverd riscos am decomencla da ooleta uma vaz que 5ala
executado per profissional habdltado.”

Solicha-z8 Que eja desCrito que O MsCo & PEgUens, & que poda haver a formagdo de uma mancha roxa
{hematoma), mas, para minkmizar essa fsco, um profissional haoitado fard a coleta 00 SanQus.

Concluzdes ou Pendencias e Lizta de Inadequades:

Diante do exposto & 4 M2 da Aesolugao CNS 466/2012, o projto o pesqulsa, assim como © Termo de
Consantimanto Livre & Esclarscido para Guarda de Mabsrial Elokigico versao 1 daia 16032020, podam ser
snOQuAdrados na categora APROVADOD.

Consideraghes Finals a critérlo do CEP:

Projato Aprovado: Tendo em vista a leglslagio vigents, devem ser encaminhados ao CEP, relatbros parclals
anuals refareniss ao andamento da pesquisa & relatodo final a0 t&rmino do trasalho. Qualguer modicagao
do projato onginal deve ser apgresantacda a aste CEP em nova versao, de foma objetiva & com justificatias,
para nova apreciagio.

Ezte parecer fol elaborado baseado noz documentos abalxo relacionados:

Tipe Documento ATgUIvD Pociagam Autor SXuagan
InformagDes Basicas| PE_INFORMAGOES_BASICAS_DO_P | 22062020 ACERo
do Progto AOJETD_1323611.pat 13:49:41
Declamgao o8 CARTA_BIORREPOSTORIO pot 22/06/2020 | Flipe Aocha Lima ACORo
Manusalo Matarial 13:47:18
Blologico /

Bloreposiono /

Blobanco

TCLE / Termos 0a | TCLE_biorapositonio_v_2.pdf 15/06/2020 | Flipe Aocha Lima Acelo
Assenimento / 142734

Justificativa oe

Auséncia

DeclamGan 08 DECLARACAD_FRLpal 10/G/2020 | Fiipe Aocha Lima ACeo
Posquisatores 18:07:32

Declamgao o8 DECLARACAD_MACF pai 10/06/2020 | Flipe Aocha Lima ACORo
PosquiSANIES 189717

Endersfa:  CAMPLES UNIVERSITARID

Barre:  MOMTE ALEGRE CEP:  14.048-500
UWF: 5P Munigipls: RIBEIRAD PRETO
Tedsbone:  |[16}3602-2228 Fas: [15)56553-1144 E-mail: oapihorpuspbe
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Costriiagio to Passcsr 4140 514
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Declaga o8 UPC_o6a4 pal 10/2020 | Filpe Rocha Lima Acelo

Institulgdo 189122

Infrasstrutura

Outros MAPA_AMOSTFRAS pdi T0/G2020 | Fipe Focha Lima Acelio
18:29:47

Projeto Detalhado ! | Projsto_par 10/6/2020 | Fipe Rocha Lima Acello

Brochura 182234

| | SH QR

Folha de Aosto UPC2684.pdl 10/6/2020 | Filpe Rocha Lima Acello
182100

Sltuacic do Parecer:
Aprovacs

Meceszita Apreciacio da COMNEP:

Mo

RIBEIRAD PRETO, 08 o8 Julho de 2020

Agsinado por:
MARCIA GUIMARAES VILLANOVA
{Coordenadon(al)

Enderege: CAMPUE UNIVERSITARIO

Balrra: MONTE ALEGRE

CEP: 14045500

UWF: BF Municipks: RIBEIRAD PRETO

Telefone: | 1636022228

Fase: [1E(EE33-1144

E-mail: cop@horp.uspie
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ANEXO 2 - TCLE

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO E PARA GUARDA
DE MATERIAL BIOLOGICO

Titulo da pesquisa: “Anticorpos anti-McelA e anti-lipidios como biomarcadores
sorologicos na hanseniase: diagnostico, avaliacio de contatos e seguimento”.
Pesquisadores responsaveis: MSc. Filipe Rocha Lima / Orientador: Prof. Dr. Marco
Andrey Cipriani Frade — (16) 3315-3374.

O (a) senhor (a) esta sendo convidado (a) a participar, como voluntario, em uma
pesquisa. Apos ser esclarecido (a) sobre as informagdes a seguir, no caso de aceitar
fazer parte deste estudo, assine ao final deste documento em duas vias. Caso o0 (a)
senhor (a) nao aceite participar da pesquisa, nao sera penalizado (a) de forma alguma e
seu atendimento nao sera prejudicado na Instituigao.

O objetivo da pesquisa ¢ desenvolver testes de diagnosticos laboratoriais para
hanseniase utilizando o sangue como amostra. Esse sangue sera processado para obter a
parte liquida da amostra e ser testado os niveis de substancias (anticorpos) contra a
bactéria causadora da hanseniase. Atualmente, o diagnostico da hanseniase nao possuiu
um forma simples, barata, confiavel e disponivel para unidades basicas de satde,
portanto a pesquisa visa uma alternativa para facilitar o controle e diagnodstico precoce
da doenga.

Ao decidir participar e assinar este Termo de Consentimento Livre e Esclarecido
(TCLE), o senhor (a) recebera uma via do TCLE assinado e rubricado em todas as
paginas pelo senhor (a) e pelo pesquisador responsavel e assim estara cedendo 5 mL (1
colher de cha) de sangue por uma puncéo venosa no brago ou na mao. O sangue sera
colocado num tubo de coleta e levado para o laboratério sob responsabilidade do
pesquisador. No laboratério, 0 sangue sera processando para obter a parte liquida e
seguir com os exames de medicao das substancias (anticorpos) presentes. A quantidade
restante serd congelada a -80 °C em um freezer para confirmagdes de resultados,
quando necessario.

O senhor (a) esta ciente que o risco dessa pesquisa ¢ minimo e se diz respeito a
quebra de sigilo ou confidencialidade dos dados do prontuério eletronico, porém o
pesquisador tomara todas as medidas para que isso ndo aconteca. Como beneficio
indireto, o senhor (a) esta contribuindo com a doagao de seu sangue, que visa inovar 0s

estudos para teste de novos exames para facilitar o diagnostico de pacientes com

Rubrica do pesquisador Rubrica do participante/responsavel

Termo de Consentimento Livre e Esclarecido para Guarda de Material Biologico
versio 1 data 16/03/2020

1
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hanseniase. Sua participacio nesta pesquisa & voluntiria e o (3) senhor (3) tem liberdade
deixar de participar 3 qualquer momento, € 50 avisar algum dos pesquisadores.

Sera mantido sigile absolute dos dados obtdos individualmente neste estudo,
para assegurar a privacidade dos participantes. Caso o (a) senhor (3) se sinta prejudicado
em participar desta pesquisa, o (3) senhor (3) podera buscar indenizacio de acordo com
a5 MOIMIAs Vigentes no pais.

O pesquisadores estario disponiveds para qualquer duvida a qualquer momento
durznte o estado e o Sr. (5) tem 3 garantia de acesso aos resultados da pesquiza

Caso tenha davidas sobre aspectos éticos desta pesquisa o (3) senhor (3) tambem
poders enfrar em contato com o Comité de Etica em Pesquisa (CEP) do Hospital das
Clinicas da Faculdade de Medicina de Ribeirio Preto. Um Comité de Efica em Pesquisa
(CEP) & composio poT Um grupse de pessoas que 530 Tesponsaveis por supervisionarem
pesquizas em seres humanos que 530 realizadas na insthuigio e tem a funcio de profeger
g garantir os direitos, 3 segnranga & o bem-estar de todos os participantes de pesquisa
gue se volontarizm a participar da mesma. O CEP do Hospital das Clinicas & da
Faculdade de Medicina de Ribeirio Preto & localizado no subselo do hospital e fimciona
de sepunda a sexta-feira, das 8:00 &s 17-00hs, telefone de contato (016) 3602-2228.

Esta pesquisa estd vinculada ao biorrepositdrie “Biomarcadores Sorologicos™
criado no Hospital das Clinicas de Bibeirio Preto ou na Faouldade de Medicing de
Eibeirdo Preto-USP com o objetive de puardsr amostras de soro para fins de pesquisa e
andlize cienfifica. Gostariamos de convida-lo (a) a aatorizsr a coleta, o deposito, o
armazenamenty & a ufilizacio do material biclogice bumano (sangue e/ou soro) para
fins de pesquiza e analise cientifica.

Este material serd coletado durante sen atendiments no ambulaténo do HC-
FMEP-USP. Apods coletsdo serd guardado em biomrepositoric no Laborstorio de
Cicatrizacio & Hanseniase da Faculdade de Medicing de Fibeirdo Preto-TUSP/SP — Av.
Bandeirantss, 3000 — Monte Aleere — telefons: (16) 33153374, onde ss amostras sario
ammazenadas por 05 anos. Os pesquisadores responsaveis pela equipe se comprometem
a idenfificar as amosiras e os dados coletados de moedo que Zaranta o seu sigile & 3 sua
confidencialidade, para isso a sus amosta de tecido sera identificada por meio de
DIMETOs .

Quanto ao material, sera coletado aproximadamente 5 ml de sangue. Mio
havera riscos em decorréncia da coleta uma vez que serd executade por profissional

Flubriion dis pescs alior Fbric do prirtpuin ke fregun sirec]

Ty de Conmmatissentn Livre ¢ Encdirecuds para. (uerds de Malerial Baoligpes
wernls | daa 168053000

5
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Sua participacio € voluntaria, tendo liberdade de aceitar ou ndo que sua amostra
seja guardada, sem risco de qualquer penalizacio ou prejuize no atendimento que lhe
for prestado. O (A) Sr. (3) também tem o direito de retirar seu consentimento de zuards
g utilizacio do material biologico armazenado a qualquer momento.

Solicitamos tambeém os dados de contato do (a) senhor (a), para que seja possivel
enconira-lo (3} posteriormente. Afraves dos coofatos, garantimes formecer as
informages de seu interssse, além de receber evenfuais bensficios provenmientes do
estido com seu material biclogico. Também solicitsremos sua auntorizacdo, se
mecessario, para o descarte do materizl srmazensde caso nio haja necessidade de uso
Para 3 pesquisa cientifica.

Declaramos para os devidos fins que a cada a nova pesquisa o 5. (3) sera
contatado para a utilizagio do seu material biologico srmazenado neste biomepositorio,
e também 3 nova pesquisa serd submetida & aprovacio do Comité de Etica em Pesquisa
(CEP) instiucional e, quando for o caso, da Comiss3o Wacional de Etica Pasquisa
(CONED).

Solicitamos sens dados de comtato e suwa assinatura, tendo recebido as
informagies acima, para confirmagio de aceitacio de participacio. Também afirmamos
que uma via deste documento, devidamente assinada e rubricada, sera entregue ao
senhor (3).

Diados do participanie:
Mome: RG:
Enderego: ,o° 8
Bairmo , Cidade , telefome

Abaixo também sepuem os dados de contato do pesquisador responsavel, caso
o(a) senhors) tenha alguma davida posteriorments.

Mome do parficipante:

Aszinatmra: data:
Nome do pesquisador:

Aszunatara: data:
Fubriion ok prospess alor i b s i ke e e

Tormm ke Conenity Lrwre ¢ Endl ades i G de Bfalerial Baolipes
weruls | data 18000

3
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Dados do responsavel legal on festemunha {caso aplicavel):

Mome legivel;
B zzinaiura: data:
Rubri dir pesqusadion Rl do prrtiispen ke fregun sirec]

Ty de Conmrtisenin Livre ¢ Endirecules para. (uards de Malerial Baoligpes

worale | dats 168053000

4
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Leprosy case series in the emergency room: A warning sign for a challenging diagnosis. Braz

J Infect Dis, v. 25, n. 5, p. 101634, 2021. doi: 10.1016/j.bjid.2021.101634.
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Case report
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Leprosy case series in the emergency room: A warning N
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sign for a challenging diagnosis

Fred Bernardes-Filho, MD, PhD © %<, Filipe Rocha Lima, Msc *,

Glauber Voltan, MD *, Natalia Aparecida de Paula, PhD *€,

Marco Andrey Cipriani Frade, MD, PhD © %%*

& Dermatology Division, Department of Medical Clinics, Ribeirao Preto Medical School, University of Sdo Paulo, Ribeirdo
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ARTICLE INFO ABSTRACT

Article history: Leprosy can be considered a dissimulated disease, mainly when presented as atypical cases

Received 23 June 2021 leading to mistaken diagnosis at the emergency setting. Herein we report six patients

Accepted 20 September 2021 referred to the emergence room with hypotheses of acute myocardial infarction and arte-

Available online 12 October 2021 rial and venous thrombosis, although with chronic neurological symptoms; the seventh
patient was referred with a wrong suspicion of infected skin ulcer. Positive findings

Keywords: included hypo-anesthetic skin lesions and thickened nerves; 100% were negative for IgM

Leprosy anti-phenolic glycolipid-I, while 71.4%, 100% and 42.8% were positive for IgA, IgM and IgG

Emergency medicine McelA. RLEP-PCR was positive in all patients. Ultrasound of peripheral nerves showed

Peripheral nerves asymmetric and focal multiple mononeuropathy for all patients. Unfortunately, in many

Neuritis patients leprosy is often misdiagnosed as other medical conditions for long periods thus

delaying initiation of specific treatment. This paper is intended to increase physicians’
awareness to recognize leprosy cases presented as both classical and unusual forms,
including in emergency department.
© 2021 Sociedade Brasileira de Infectologia. Published by Elsevier Espafia, S.L.U. This is an
open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Leprosy diagnosis is still a challenge worldwide mainly

* Corresponding author. because of the multifaceted clinical presentation. Leprosy

E-mail addresses: f9filho@gmial.com (F. Bernardes-Filho), expertise is declining among physicians, even in endemic
rfilipelima@gmail.com (F.R. Lima), gvoltan@usp.br (G. Voltan),  areas, and focusing almost exclusively on cutaneous signs
npbiomed@yahoo.com.br (N.A. de Paula), mandrey@fmrp.usp.br results in a non-timely diagnosis.1 In contrast, the

(M.A.C. Frade).

https://doi.org/10.1016/§.bjid.2021.101634

1413-8670/© 2021 Sociedade Brasileira de Infectologia. Published by Elsevier Espafia, S.L.U. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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SILVA, C. M. L; BERNARDES FILHO, F.; VOLTAN, G.; SANTANA, J. M.; LEITE, M. N.;
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search and follow-up strategies for new leprosy cases in the female prison population. PL0S
Negl Trop Dis, v. 15, n. 8, e0009716, 2021. doi: 10.1371/journal.pntd.0009716.
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€0009716. https://doi.org/10.1371ournal. Regarding the leprosy transmission through the upper airways, overcrowded locations such

pntd.0009716 as prisons can become a risk to get sick. Like the leprosy hidden endemic demonstrated in
Editor: Carlos Franco-Paredes, Hospital Infantilde male prison population, being interesting to assess the leprosy scene also among confined
Mexico Federico Gomez, MEXICO women.

Abstract

Received: May 19, 2021

Methods

A prospective descriptive study conducted at Female Penitentiary, Brazil. Leprosy Suspi-
cion Questionnaire (LSQ) were applied to the participants, and submitted to specialized der-
matoneurological exam, peripheral nerve ultrasonography, and anti-PGL-I serology.

Accepted: August 7, 2021
Published: August 20, 2021

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of

all of the content of peer review and author Findings

responses alongside final, published articles. The

editorial history of this article is available here: 404 female inmates were evaluated, 14 new cases were diagnosed (LG-leprosy group), a
https://doi.org/10.1371/journal.pntd.0009716 new case detection rate (NCDR) of 3.4%, 13 multibacillary, while another 390 constituted
Copyright: © 2021 Silva et al. This is an open the Non-Leprosy group (NLG). Leprosy cases were followed up during multidrug therapy
access article distributed under the terms of the with clinical improvement. The confinement time median was 31 months in LG, similar to

Creative Commons Attribution License, which NLG, less than the time of leprosy incubation. Regarding LSQ, the neurological symptoms
permits unrestricted use, distribution, and

reproduction in any medium, provided the original  féached the highest x® values as Q1-numbness (5.6), Q3-anesthetizes areas in the skin

author and source are credited. (7.5), Q5-Stinging sensation (5.8), and Q7—pain in the nerves (34.7), while Q4-spots on the
Data Availability Statement: All relevant dataare ~ SKIN was 4.94. When more than one question were marked in the LSQ means a 12.8-fold
within the manuscript. higher to have the disease than a subject who marked only one or none. The high 34% rate
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Innovative mapping of skin sensitivity by monofilnme nt s to
record the diagnosis and therapeutic
follow-up of leprosy

Fred Bernardes Filho™'2l | Flipe Rocha Limal20
and Marco Andrey Cipriani Fradel*.t

[1]. Universidade de Sdo Paulo, Faculdade de Medicina de Ribeirdo Preto,
Departamento de Clinica Médica, Divisdo de Dermatologia, Ribeirdo Preto, SP, Brasil.
[2]. Universidade de S&o Paulo, Faculdade de Medicina de Ribeirdo Preto, Hospital das Clinicas,
Centro de Referéncia Nacional em Dermatologia Sanitaria com Enfase em Hanseniase, Ribeirdo Preto, SP, Brasil.

A 53-year-old previously healthy woman presented with a
5-month history of numbness of the hands and feet, tingling
sensation, and nerve pain in the legs. Positive fini s on physical
examination included hypochromic, anesthetic, and anhidroticmacules,
with incomplete endogenous histamine tests on the right knee
(Figure 1), electric shock-like pain on common fibular nerves,
and altered tactile sensitivity of the hands and feet (Figure 2).
She was positive for IgM anti-phenolic glycolipid-1, IgA, and IgM
anti-mammalian cell entry 1A protein of Mycobacterium antibodies.
Mycobacterium leprae DNA-specific repetitive element polymerase
chain reaction (RLEP-PCR) was positive on skin biopsy and dlit skin
smear. Ultrasonography of peripheral nerves showed asymmetricand
focal multiple mononeuropathieswithout an intraneural Doppler signal.
Borderline leprosy was diagnosed clinically and by laboratory tests,
and she was prescribed multibacillary multidrug therapy. Cutaneous
lesion mapping (Figure 3) and hands/feet tactile sensitivity tests
(Semmes-Weinsteia monofilne nt s) were performed monthly.ahere
wasasignificnt improvement in dermatological signsand neurological
symptoms under specific treatment of leprosy with antimicrobials.

FIGURE 1: (A) Hypochromic macule on the right knee; (B) altered tactile
skin sensitivity mapped by Semmes Weinsteia monofilne nts ranging
from 0.07 gram-force (gf) to 300-gf (normal skin tactileathreshold =
green monofilne nt, 0.07-gf); (C) the macule is more evident due to the
erythema surrounding the lesion after local anesthesia for skin biopsy, like
the incomplete endogenous histamine test. Lggend: green (0.07-gf); blue
(0.2-gf); violet (2-gf); red (4-gf); orange (10-gf)cRink (300-gf).

Recent studies have demonstrated the importance of
appreciating neurological symptoms over dermatological signs
in the diagnosis of leprosy*. Hypochromic macules with altered
sensitivity are a common presentation in the entire spectrum of
leprosy?®. The exclusive linkage of macular lesionsto indeterminate

leprosy is an incorrect paradigm in leprosy that leads to inadequate
and insufficient treatment. The innovative mapping of cutaneous
lesionsausing monofilne nts and the usual hands/feet sensitivity
evaluation is an objective assessment that documents the hallmark
focality and asymmetry of leprosy at diagnosisand during follow-up.
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Abstract

Background

Leprosy neuropathy is the most common peripheral neuropathy of infectious etiology world-
wide; it is characterized as asymmetric and focal multiple mononeuropathy. Semmes-Wein-
stein monofilament (SWM) test is a simple method to assess sensory nerve function.

Methods and findings

In this prospective cohort study, a dermatologist carried out hands and feet tactile sensation
test with SWM in 107 multibacillary leprosy patients at diagnosis and in 76 patients at the
end of treatment from 2016 to 2019. At diagnosis, 81/107 (75.7%) patients had some degree
of functional disability, and 46 (43%) of them had altered SWM-test in the hands and 94
(87.9%) of them in the feet. After one year of multibacillary multidrug therapy, the disability
decreasing to 44/76 patients (57.9%) and decreasing of the percentual of patients with
altered SWM-test to 18% for the hands, and to 28.7% for the feet. At the end of treatment,
the number of SMW-test points presented improvement in the hands of 22 (28.9%) patients,
and in the feet of 47 (61.8%). In the hands, by SWM-test, only the radial nerve point demon-
strated a significant asymmetry, while in the feet, the difference between the sum of altered
SWNM-test points showed significant asymmetry between both sides, highlighting the tibial
nerve for the establishment of asymmetric leprosy neuropathy. In Spearman’s correlation
analysis, a positive correlation with statistical significance was observed between the num-
ber of hands and feet SWM altered points at diagnosis and the degree of disability at diagno-
sis (0.69) and at the end of the treatment (0.80).
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