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RESUMO

Introducdo: A hanseniase é uma doencga infecciosa crbnica causada pelo
Mycobacterium leprae sendo uma das causas mais comuns de neuropatia periférica
nao traumatica em todo o mundo. O M. leprae afeta fibras nervosas que acometem
primeiramente a sensibilidade térmica seguida da sensibilidade tatil. Um recurso que
tem sido usado para avaliar a alteracdo da temperatura na superficie do corpo € a
termografia por infravermelho (IR). As imagens obtidas com a cédmera termografica
tém sido usadas no estudo de doengas que causam modificagdo de temperatura
superficial decorrente de anormalidades clinicas, como a neuropatia autondmica
periférica. Objetivo: Detectar a assimetria de temperatura nas maos de pacientes
com hanseniase e contatos assintomaticos por termografia infravermelha.
Metodologia: Trata-se de um estudo transversal realizado com 48 pacientes de
hanseniase (16 dimorfo tuberculdide, 10 dimorfo dimorfo, 10 dimorfo virchowiano e 12
virchowiano), 66 contatos assintomaticos soropositivos para anti-glicolipideo-fendlico-
1 (anti-PGL-I), 55 contatos assintomaticos soronegativos (anti-PGL-I) e 23 individuos
saudaveis. A temperatura da pele foi medida pela camera FLIR® T420 IR em dez
regioes de interesse (ROIs) em cada mao com temperatura ambiente controlada. O
teste sensorial com monofilamentos de Semmes-Weinstein foi usado para avaliar a
perda da sensibilidade cutdnea e o teste voluntario de forca muscular para avaliar a
perda de forga muscular. Resultados: Artigo 1: Os individuos saudaveis nao
apresentaram trés ou mais pontos de assimetria entre os dez pontos avaliados nas
maos. No entanto, foi demonstrada assimetria de temperature em 25,0% (12/48) dos
pacientes com hanseniase, sendo 18,7% (03/16) da BT, 40,0% (04/10) do BB, 20%
(02/10) do BL e 25,0 % (03/12) do LL. Artigo 2: 4,2% (01/23) de individuos saudaveis
apresentaram assimetria de temperatura em dois ou mais pontos das maos entre os
dez pontos avaliados. Em relacdo aos grupos de contatos assintomaticos, 81,8%
(54/66) dos soropositivos e 60,0% (33/55) dos soronegativos apresentaram assimetria
de temperatura em méos. A razao de chances dos grupos apresentarem assimetria
em relagcdo aos sujeitos saudaveis foram: 99 vezes mais chances de apresentar
assimetria de temperatura e os soronegativos 33 vezes. Quando comparado contatos
soropositivos e soronegativos, o primeiro grupo apresentou 3 vezes mais chances de

apresetar assimetria. Comparando as trés avaliagbes demonstradas, pode-se



observar que os pacientes com a forma clinica DT apresentaram 25 vezes mais
chance de desenvolver comprometimento neural autonémico em relagdo ao
comprometimento sensitivo e ao motor (p<0.05), as demais formas clinicas nao
apresentaram significancia estatistica. Além disso, os contatos soropositivos e os
soronegativos apresentaram alta propor¢ao de acometimento autonémico periférico
detectado pela termografia quando comparado com a perda sensorial detectada pelos
monofilamentos de Semmes-Weinstein (p<0.05). Conclusao: O estudo ressalta que a
termografia por infravermelho pode detectar assimetria de temperatura nas maos de
pacientes com hanseniase e contatos assintomaticos soropositivos e soronegativos,
indicando disfungdo autonémica periférica relacionada ao comprometimento neural

precoce nessa doenga.



ABSTRACT

Introduction: Leprosy is a chronic infectious disease caused by Mycobacterium
leprae and is one of the most common causes of nontraumatic peripheral neuropathy
worldwide. M. leprae affects nerve fibers that primarily affect thermal sensitivity
followed by tactile sensitivity. One tools that has been used to evaluate body surface
temperature alterations is infrared (IR) thermography. Thermographic images have
been used to study diseases that cause surface temperature modification due to
clinical abnormalities, such as peripheral autonomic neuropathy. Objective: the aim of
present study was to use IR thermography to identify asymmetric temperature
between both hands in leprosy patients and asymptomatic leprosy contacts. Material
and Methods: It is a cross-sectional study with 48 leprosy patients (16 bordeline
tuberculoid (BT), 10 mid-bordeline (BB), 10 bordeline lepromatous (BL) and 12
lepromatous (LL)), 66 asymptomatic contacts soropositive for anti-glycolipid-phenolic-1
(anti-PGL-l), 55 asymptomatic contacts seronegative (anti-PGL-l) and 23 healthy
subjects. Skin temperature was measured by the FLIR® T420 IR camera in ten
regions of interest (ROIs) in each hand at controlled room temperature. The Semmes-
Weinstein monofilament sensory test was used to assess the loss of skin sensitivity
and the voluntary muscle strength test to assess muscle strength loss was performed
in all groups. Results: The presence of 3 or more points with hand asymmetry was not
observed in healthy subjects. However, it was observed in 43.7% (26/48) of leprosy
patients, with 37.5% (06/16) of BT, 40.0% (04/10) of BB, 40% (04/04). 10) LB and
58.4% (07/12) of LL, in 65.1% of seropositive contacts and 50.9% of seronegative
contacts. The odds ratios of all groups presenting temperature asymmetry when
compared with healthy subjects were: 5.7-fold chance for BT, 10.5-fold chance for BB,
6.7-fold chance for BL, and 13.5-fold chance for LL. However, seropositive contacts
showed 26.1-fold chance to develop asymmetric temperature and seronegative
contacts presented 9.6-fold than healthy. Regarding the patients who presented more
chance to develop autonomic dysfunction than sensory and motor neural impairment,
it was demonstrated that BT patients presented 25-fold more chance (p <0.05).
However, other clinical forms were not statistically significant. Seropositive and
seronegative contacts showed a high proportion of peripheral autonomic impairment
detected by IR thermography when compared with sensory loss detected by

monofilaments (p <0.05). Conclusion: The study highlights that IR thermography may



detected temperature asymmetric in the hands of leprosy patients and asymptomatic
seropositive and seronegative contacts, indicating peripheral autonomic dysfunction

related to early neural impairment in this disease.
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1 -INTRODUGAO

A hanseniase € uma doenga neuro-dermatoldgica que pode comprometer
fibras autondmicas, sensitivas e motoras do sistema nervoso periférico (SHETTY et
al., 1988; GARBINO, 2007; SCOLLARD et al., 2015). Esse comprometimento pode
ser irreversivel levando como consequéncia incapacidade fisica aos individuos
expostos ao M. leprae. Com isso, se faz necessario a implantacdo de politicas
publicas para a aquisigdo de equipamentos que auxiliem no diagndstico precoce de
comprometimento neural, sendo que esse podera acometer o individuo antes do
aparecimento de lesao de pele.

Os doentes e os contatos de hanseniase avaliados nesse trabalho sédo
atendidos no Centro de Referéncia Nacional em Dermatologia Sanitaria e
Hanseniase, do Hospital das Clinicas da Universidade Federal de Uberlandia- MG
(CREDESH/ HC / UFU-MG), sendo um dos seis centros de referéncia nacional em
hanseniase do Brasil. Este local € composto por uma equipe multidisciplinar com
experiéncia na aplicagdo de ferramentas soroldgicas, moleculares e neurofisiolégicas
nos pacientes e contatos domiciliares para identificar comprometimento neural
precoce, essencial para o diagnostico e acompanhamento dessa doenga neuro-
dermatoldgica.

Desde o ano 2000, o CREDESH identifica grupos de risco realizando o
diagnostico precoce da hanseniase em casos novos € em contatos através do
monitoramento de contatos. Nesse ultimo, os contatos de pacientes com hanseniase
sdo acompanhados por um periodo de mais de 7 anos, o que nos permite analisar os
possiveis danos neurais que podem ocorrer precocemente, como também avaliar o
processo de adoecimento desse grupo, correlacionando as condigdes clinicas e
laboratorias envolvidas nesse processo.

Além do atendimento ao paciente, esse centro de referéncia atua no
desenvolvimento de pesquisa experimental e clinica com alunos de iniciacido
cientifica, mestrado e doutorado apresentando a sociedade os resultados dos
achados por meio de publicacbes que abordam varios temas voltados para o estudo
da hanseniase.

Ferramentas diagndsticas que detectam precocemente o comprometimento
neural devem estar disponiveis para monitoramento de neuropatias subclinicas em
pacientes e na vigilancia de contatos, grupo com maior risco de adoecer, melhorando

o prognéstico e, consequentemente, prevenindo incapacidades decorrentes da
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hanseniase.

Contudo, o reconhecimento precoce do comprometimento neural nessa
doencga, sobretudo em contatos domiciliares assintomaticos, representa um grande
desafio na pratica clinica pois poucos centros de referéncias no Brasil dispbéem de
camera termografica infravermelha, eletroneuromiografia, testes sorologicos,
moleculares e bidpsia de nervo periférico que auxiliam na compravacéo diagnostica,
sendo extremamente necessarios pois muitas vezes o acometimento neural é
subclinico.

Esta tese é a materializagdo dos ideais acima expostos, propondo a
implantagdo da camera termografica infravermelha para avaliacdo do
comprometimento de fibras autonémicas em doentes e contatos assintomaticos de
hanseniase, detectando de forma precoce a disfungao autonédmica periférica nesses
grupos, visto que o M. leprae € um bacilo virulento, ndo por ser letal, mas por afetar

0s nervos periféricos causando deficiéncias, deformidades e estigmas sociais.
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1.1- Consideragodes Iniciais

A formatacdo desta tese foi realizada de acordo com o modelo alternativo
proposto pelo Programa de Pds-Graduacado em Ciéncias da Saude, da Faculdade de
Medicina da Universidade Federal de Uberlandia, o qual determina que os resultados
do estudo sejam apresentados em formato de artigos cientificos.

A tese foi organizada nas seguintes secoes: Fundamentagao Teédrica, a qual
estd apresentada como forma de revisdo da literatura sobre os temas abordados;
Objetivos, em que sdo expostos os propdsitos do estudo; Resultados, que
contempla dois manuscritos elaborados; Conclusao, que discorre sobre a sintese dos
principais resultados do estudo; Pés-texto, na qual estdo incluidos referéncias
bibliograficas e anexos.

O primeiro manuscrito intitulado “Evaluation of skin temperature in hands of
leprosy patients detecting peripheral autonomic dysfunction by infrared
thermography” teve como objetivo analisar o potencial da termografia por
infravermelho e detectar as alteracbes da temperatura superficial nas maos de
pacientes com hanseniase; pretende-se submeté-lo a revista Plos Neglected Tropical
Diseases (fator de impacto: 4.48).

O segundo manuscrito intitulado “Asymptomatic leprosy contacts present
asymmetrical skin temperature in hands by infrared thermography" teve como
objetivo identificar a assimetria de temperatura em contatos assintomaticos
soropositivos e soronegativos para ELISA anti-PGL-l com o uso da termografia
infravermelha; pretende-se submeté-lo a revista Clinical Infection Disease (fator de
impacto: 9.055).
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2 - FUNDAMENTAGAO TEORICA

2.1 - Hanseniase

2.1.1 - Epidemiologia

A hanseniase € uma infecgdo cronica, causada pelo bacilo Mycobacterium
leprae, que provoca uma gama de respostas imune celulares em humanos. Além
disso, esta doenga € uma neuropatia periférica iniciada por infeccdo e eventos
imunologicos que a acompanham, sendo a infecgdo curavel porém nao evitavel
(SCOLLARD et al., 2006).

Entre as doengas infecciosas, a hanseniase € considerada uma das principais
causas de incapacidades fisicas, em razao do seu potencial de causar lesées neurais
(BRASIL, 2018). O alto poder incapacitante mantém a doenga como um problema de
saude publica, especialmente nos paises em desenvolvimento (SCOLLARD et al.,
2006; BRASIL, 2018). Cerca de 30% das pessoas com hanseniase desenvolvem
danos nos nervos que resultam em um conjunto de disturbios sensitivos, motores e
autondmicos (REINAR et al., 2013).

Em 2017, de acordo com a Organizacao Mundial da Saude (OMS), 150 paises
reportaram 210.671 casos novos de hanseniase, o que representa uma taxa de
deteccdo de 2,7 casos por 100 mil habitantes (Figura 1), sendo a india, o Brasil e a
Indonésia responsaveis por 80,2% de novos casos diagnosticados no mundo (WHO,
2018a).

Figura 1. Distribuicao geografica dos novos casos de hanseniase em 2017.
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A prevaléncia global de hanseniase foi de 192.713 casos (0,25 / 10.000
habitantes) no final de 2017, um aumento de 20.765 casos em relacdo a 2016. O
aumento foi observado em todas as regides da OMS: 42,8% (9189 casos) na Africa,
19,5% (5162 casos) nas Américas, 42% (1303 casos) nos paises que abrangem o
Mediterraneo Oriental, 3,4% (3875 casos) Sudeste Asiatico e 20,9% (1220 casos) na
regido do Pacifico Ocidental. Os paises europeus reportaram uma prevaléncia
registrada de 32 casos no final de 2017, enquanto 33 novos casos foram relatados
durante o ano (WHO, 2018a).

Em 2018 foram notificados 28.660 casos novos no Brasil, perfazendo uma taxa
de deteccdo de 13,7/100 mil habitantes. Esses parametros classificam o pais como de
alta carga para a doenga, sendo o segundo com o0 maior numero de casos novos
registrados no mundo (SAUDE, 2017; WHO, 2017).

Em 2017, 12.189 casos com grau dois de incapacidade foram detectados no
mundo durante diagndstico, apresentando uma taxa de 1,6 casos para cada 1 milhdo
de habitantes (WHO, 2017). No Brasil, entre os anos de 2012 a 2016 essa taxa foi
quase dez vez maior, apresentando 10,5 casos diagnosticados com grau 2 de
incapacidade para cada 1 milhdo de pessoas (BRASIL, 2018). O numero de casos
com grau dois de incapacidade (deformidade visivel nas méos e/ou pés e/ou olhos)
no momento do diagnodstico reflete a necessidade da detecgédo precoce pelo sistema
de saude e a conscientizagcdo da populagao sobre a hanseniase, pois esses pacientes
ja apresentam lesdes neuroldgicas irreversiveis e/ou deformidades visiveis.

O Centro de Referéncia Nacional em Hanseniase e Dermatologia Sanitaria
(CREDESH), local onde esse estudo foi desenvolvido, notificou 232 casos de
hanseniase no ano de 2018, sendo 56% (130/232) classificados como casos novos, o
que representa uma taxa de deteccao de 11,3/100 mil habitantes. Esse parametro é
considerado como alta taxa de deteccdo indicando que a cidade de Uberlandia-MG
esta localizada em area endémica. Em relacado ao grau de incapacidade, o CREDESH
registrou 12,9% dos casos novos com Grau 2 de incapacidade sendo considerado um
parametro alto, com taxa de deteccao de 1,46/100 mil habitantes.

No periodo de 2012 a 2016, 77% dos contatos dos casos novos de hanseniase
diagnosticados no Brasil foram avaliados (BRASIL, 2018). Em dados atuais fornecido
pelo CREDESH, 78,9% (255/323) contatos de casos novos com hanseniase foram
examinados no ano de 2018. Além disso, foram registrados, no mesmo periodo 438

contatos sendo que desses 83,3% (365/438) foram examinados.

22



2.1.2 - Vias de transmissao do Mycobacterium leprae

A transmissao do Mycobacterium leprae acontece pelo contato de pessoas
suscetiveis a doenca com os doentes nao tratados das formas multibacilares,
indicando que essas pessoas apresentam risco 10 vezes maior de adoecer
(GOULART et al., 2008; ARAUJO et al., 2015). Além disso, individuos assintomaticos
portadores do M. Leprae também fazem parte da cadeia de transmissao da doenca
(PATROCINIO et al., 2005). No entanto, o contato intimo e prolongado com os
individuos doentes pode gerar infeccdo nos contactantes intradomiciliares que
apresentam risco de adoecer, merecendo uma atencdo especial nos servicos de
salde pois podem também transmitir a doenga (GOULART et al., 2008; ARAUJO et
al., 2012; GOULART et al., 2015).

Estudo publicado por nosso grupo de pesquisa demonstrou a presenga de
DNA de M. leprae em amostras de concha e swab nasal por PCR em tempo real
(qPCR) além de sorologia positiva para ELISA anti-PGL-lI em pacientes e contatos de
hanseniase, indicando que o nariz é a principal via de transmissdo esse bacilo. A
exposi¢ao do individuo leva a uma infeccado da mucosa nasal provocando respostas
imunes; se a colonizagdo for bem sucedida, o bacilo é transportado pela corrente
sanguinea e disseminado para locais que sejam favoraveis para o seu crescimento,
como as células de Schwann (ARAUJO, S. et al., 2016).

Embora o M. leprae possua capacidade de infectar um grande numero de
individuos (alta infectividade), poucos desenvolvem a doenga (baixa patogenicidade)
(DESIKAN e SREEVATSA, 1995). Estima-se que a maioria da populagdo possua
imunidade contra esse bacilo e devido a isso a maior parte das pessoas que entrarem
em contato ele ndo adoecerdo. Familiares de pessoas com hanseniase possuem
maior chance de adoecer pois a susceptibilidade ao M. leprae possui influéncia
genética (BRASIL, 2016).

Atuais estratégias para conter a transmissdo dessa doenca estdo direcionadas
para a busca ativa de casos e vigilancia epidemiolégica de contatos (domiciliar ou
social). Como definigdo desses termos o Ministério da Saude classifica o contato
domiciliar como toda e qualquer pessoa que resida ou tenha residido com o doente de
hanseniase, independente da classificagdo operacional e o tempo de convivio, e
define o contato social como qualquer pessoa que conviva ou tenha convivido em
relacdes familiares ou nao, de forma proxima e prolongada com o doente nao tratado
(BRASIL, 2016).
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A vigilancia dos contatos, no entanto, facilita o diagnodstico precoce, contribui
para a quebra da cadeia de transmissdo e reduz a incidéncia de incapacidade e
estigma relacionado & doenca, decorrente do atraso no diagnéstico (ARAUJO et al.,
2012; HACKER et al., 2012; ARAUJO, SERGIO et al., 2016). Consonante com a
Estratégia Global para o Controle da Hanseniase (2016-2020) publicada pela
Organizagdo Mundial de Saude (OMS) que tem como objetivo reduzir a carga de
hanseniase no ambito global e local e € fundamentada em trés pilares: fortalecimento
do controle e da parceria governamental, combate da hanseniase e suas
complicacdes e o enfrentamento da discriminacdo com promocao da inclusao social
(WHO, 2016).

Cada pilar estabelecido abrange amplas areas de intervencao: (1) énfase na
deteccdo precoce de casos antes do surgimento de incapacidades visiveis; (2)
deteccdo mais rapida e reducédo do numero pacientes com incapacidade de grau 2
por ocasidao do diagnostico; (3) exame de todos os contatos intradomiciliares; (4)
promocao das etapas rumo ao uso de um esquema terapéutico uniforme e mais curto
para todos os tipos de hanseniase e (5) incorporagao de intervencdes especificas

contra o estigma e a discriminagdo das pessoas com hanseniase (WHO, 2016).

2.1.3 - Formas clinicas

A Organizagcdo Mundial da Saude (OMS) recomenda a Classificagdo
Operacional (CO) para fins de tratamento. Essa classificacéo divide os pacientes de
uma forma simplificada em paucibacilares (PB), quando apresentam um numero
menor ou igual a 5 lesdes cutaneas, e multibacilares (MB), quando apresentam mais
de 5 lesbes. Contudo, se o exame baciloscopico estiver disponivel, os pacientes que
apresentarem baciloscopia do esfregagco dérmico positiva sdo classificados como MB,
independentemente do numero de lesdes cutaneas (WHO, 2007). No Brasil, o
Ministério da Saude adota a classificacdo operacional na classificagdo dos doentes
(BRASIL, 2016).

Um outro critério para orientar a classificacdo clinica espectral da doenca foi
proposto na década de 60 por Ridley & Jopling (figura 1), que se baseia em aspectos
clinicos, baciloscopios, imunologicos e histopatologicos. De acordo com isso, o0s
pacientes com melhor resposta imunoldgica do tipo celular sdo classificados como

tuberculdides (T), enquanto os pacientes anérgicos, com uma deficiéncia importante
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na resposta imune celular s&o classificados como virchowianos (V) (RIDLEY e
JOPLING, 1966).

Entre estes dois extremos, encontram-se os pacientes definidos como
“borderline”, por apresentarem respostas imunoldgicas intermediarias, classificados
como dimorfo-tuberculdides (DT), dimorfo-dimorfo (DD) ou dimorfo-virchovianos (DV).
Essas formas clinicas podem sofrer alteracdées em um mesmo individuo, dependendo

do seu estado imunoldgico em relagédo a propria doenca (RIDLEY e JOPLING, 1966;
GOULART et al., 1996).

Figura 2. Classificacdo de Ridley & Jopling, 1966.
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Fonte: https://pt.slideshare.net/visboeira/hansenase-laderm

A hanseniase indeterminada, apesar de nao ter sido descrita por Ridley &
Jopling, corresponde a fase inicial da doenga em que n&o € possivel determinar
clinicamente em qual dos polos o paciente se encontra ou ira evoluir. Essa forma
clinica é considerada a mais precoce da doenca e, frequentemente, ndo é
diagnosticada (THANGARAJ e YAWALKAR, 1988). Além disso, a hanseniase
indeterminada é caracterizada pelo aparecimento de manchas hipocrdmicas com
limites imprecisos e alteracao de sensibilidade, sendo observada alteracdo sensitiva
térmica com preservacgao tatil e dolorosa. Ainda ndo ha comprometimento de troncos
neurais, apenas de ramusculos nervosos cutaneos (OPROMOLLA e URA, 2002;
ARAUJO, 2003).

Na forma tuberculdide o paciente apresenta uma forte resposta imune celular.
Clinicamente, as lesbes se apresentam com bordas bem delimitadas, sendo Unica na

maioria dos casos, com disturbio de sensibilidade tatil, térmica e dolorosa,
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frequentemente acompanhadas por um comprometimento neural, inclusive com
formagao de abscessos em casos mais graves (SOUZA, 1997; OPROMOLLA e URA,
2002).

As formas instaveis da hanseniase apresentam comprometimento cutaneo,
neural e/ou sistémico. Os pacientes DT apresentam lesdes em placa com bordas
pouco delimitadas e lesdo neural assimétrica intensa. Os DD sao caracterizados
clinicamente pela presenca de lesbes com contornos irregulares, tonalidade
ferruginosa em que o centro se apresenta plano, liso e circular; a borda da lesao é
espessa de caracteristica foveolar. Além disso, podem apresentar comprometimento
neural intenso e extenso (SOUZA, 1997; OPROMOLLA e URA, 2002). No grupo DV,
as lesdes sdo numerosas, infiltradas e de coloragcdo acastanhada. Adicionalmente, ha
presenga de nodulos (hansenomas), poucas lesdes neurais e presenga de
comprometimento visceral (SOUZA, 1997; OPROMOLLA e URA, 2002; ARAUJO,
2003).

A manifestacdo da forma clinica virchowiana (V) é identificada pela pouca
resisténcia a proliferacado do Mycobacterium leprae o que torna o hospedeiro incapaz
de apresentar uma resposta imune eficaz. O doente pode apresentar as seguintes
caracteristicas clinicas: infiltragdo cutanea difusa e progressiva, sendo mais
acentuada na face e nos membros; comprometimento das mucosas das vias aéreas
superiores, olhos, testiculos, nervos, linfonodos, figado e/ou baco; pele luzidia,
xerética, com tonalidade acobreada e aspecto apergaminhado; rarefacédo de pelos
particularmente nos cilios e supercilios com ocorréncia de madarose;
comprometimento neural nos ramusculos da pele, sistema vascular e troncos
nervosos levando a deficiéncias funcionais e sequelas tardias; obstrugdo nasal,
rinorréia serossanguinolenta; lesées periodontais; laringites (rouquidéo); lesdes
osteoarticulares; e edemas de membros inferiores (OPROMOLLA e URA, 2002;
ARAUJO, 2003).

2.1.4 - Diagnéstico

O diagndstico da hanseniase € prioritariamente clinico. A OMS recomenda que o
diagnodstico de hanseniase seja baseado na presenga de pelo menos um dos trés
sinais cardinais: (1) perda definitiva da sensibilidade em area hipopigmentada ou
avermelhada da pele; (2) espessamento de nervo periférico com perda de

sensibilidade e/ou fraqueza muscular; ou (3) presenca de bacilos alcool-acido
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resistentes em esfregaco de raspado intradérmico (WHO, 2018b). Porém esses sinais
nem sempre sao aparentes o que pode contribuir para erros no diagndstico ou para o
subdiagnéstico (DUTHIE et al., 2014).

O raspado intradérmico é coletado nos lobulos auriculares, cotovelos e joelhos e
o resultado do exame baciloscopico é fornecido apdés os protocolos laboratoriais
realizados com a amostra. Quando nenhum bacilo € encontrado em cem campos na
analise das laminas, o resultado da baciloscopia € negativo, quando encontra-se mais
de 10 bacilos o exame sera positivo (SHEPARD e MCRAE, 1968).

No ano de 2018 a OMS publicou as diretrizes para o diagnostico, tratamento e
prevengdo da hanseniase ndo recomendando testes adicionais, além dos métodos
padrao supracitados, no diagnéstico da doenca (WHO, 2018b). No entanto, estudos
demonstram que o testes moleculares tem apresentado resultados favoraveis para a
deteccdo do DNA do Mycobacterium leprae em amostras de pacientes diagnosticados
e até mesmo em contatos domiciliares infectados pelo bacilo (PATROCINIO et al.,
2005; MARTINEZ et al., 2011; ARAUJO et al., 2012; ARAUJO, SERGIO et al., 2016;
ARAUJO et al., 2017; SANTOS et al., 2018; BARBIERI et al., 2019).

Outro exame laboratorial que pode contribuir para o diagnoéstico da doenga é o
teste sorologico que utiliza o antigeno glicolipideo fendlico | (PGL-I). Esse teste tem
demonstrado resultados que contribuem com grandes avangos em pesquisas na
hanseniase (DUTHIE et al., 2007; GOULART e GOULART, 2008; DUTHIE et al.,
2014). A soropositividade em pacientes com hanseniase que apresentam
classificagado operacional MB é praticamente universal, 0 que ocorre ao contrario em
pacientes PB, sendo a titulagdo dos anticorpos anti-PGL-I diretamente proporcional a
carga bacilar (CHO et al., 2001; LOBATO et al., 2011; SPENCER; BRENNAN, 2011).

Além de detectar anticorpos em pacientes de hanseniase, os testes
soroldgicos anti-PGL-I detectam anticorpos especificos contra o Mycobacterium
leprae em populacédo sadia e em contatos domiciliares de pacientes com hanseniase
(DOUGLAS et al., 2004; MARTINEZ et al., 2011; ARAUJO et al., 2012; ARAUJO et
al., 2015; ARAUJO, S. et al., 2016; SANTOS et al., 2018). Esses estudos indicam que
os individuos que foram expostos ao bacilo apresentam uma resposta imune humoral
com produgao de anticorpos pelos linfécitos B, caracterizados como assintomaticos
com infecgéo subclinica (LOBATO et al., 2011).

Em relacdo a deteccdao de dano de nervos sensitivos, a avaliacdo da

sensibilidade utilizando os monofilamentos de Semmes-Weinstein € um teste barato
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e de fundamental importédncia no diagndstico e tratamento de lesées dos nervos
periféricos, permitindo uma intervencéo precoce afim de evitar uma perda progressiva
e permanente no nervo (VAN BRAKEL et al.,, 1996). Estudos demonstram que a
avaliagcao sensitive utlizando os monofilamentos € um método padréo para avaliar
perda sensitiva, sendo essencial para a prevencao de incapacidades em pacientes
hansenianos (VAN BRAKEL et al., 1997; ANDERSON e CROFT, 1999; ROBERTS et
al., 2007; LEITE et al., 2010). Esse exame é recomendado pelo Ministério da Saude
do Brasil e é de facil aplicagdo, sendo necessario um ambiente silencioso para que
nao ocorra distracdo do paciente ao responder os estimulos do toque dos
monofilamentos (LEHMAN et al., 1997).

A eletroneuromiografia (ENMG) é um outro importante exame para detecgao
de disfungao neural pois fornece dados como a velocidade de conducédo de nervos
sensitivos e motores auxiliando no diagnodstico da hanseniase. Essa disfungéo pode
ocorrer em todas formas clinicas da doenca e até mesmo antes do aparecimento dos
sintomas (CHAURASIA et al., 2011; GARBINO et al., 2011; LOCKWOOD e
SAUNDERSON, 2012; VITAL et al., 2012; NASCIMENTO, 2013). Estudo realizado
pelo nosso grupo de pesquisa em contatos soropositivos e soronegativos para anti-
PGL-I demonstrou que 31,4% soropositivos e 14,1% com sorologia negativa
apresentaram comprometimento neural detectado pela ENMG, o que indica que a

hanseniase é uma doenca primariamente neural (SANTOS et al., 2018).

2.1.5 - Comprometimento Neural em Hanseniase

A apresentacdo neural da hanseniase € caracterizada por danos das fibras
autondmicas, sensitivas e motoras dos nervos periféricos que pode resultar em
sintomas como anidrose, dorméncia e fraqueza muscular quando n&o diagnosticados
precocemente. O padrao clinico mais comum de lesdo neural é caracterizado por
mononeurite multipla, com comprometimento nas células de Schwann mielinizadas e
nao mielinizadas (VAN BRAKEL, 2000; WILDER-SMITH e VAN BRAKEL, 2008;
SCOLLARD et al., 2015). As fibras finas mielinizadas A-beta e ndo mielinizadas tipo C
sdo acometidas primeiramente em relacéo as fibras grossas mielinizadas A-delta. No
entanto, ja esta descrito que perda da sensibilidade térmica precede o dano sensitivo
(VAN BRAKEL et al., 2005; MANZANO et al., 2008). O acometimento neural pode
ocorrer devido ao efeito direto da infecgao pelo Mycobacterium leprae (Ex: dano aos

neurofilamentos e desmielinizagdo por contato), mecanismos decorrentes de
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processos inflamatérios imunomediados (Ex.: citotoxidade, ativagdo de linfécitos T) e
também por edema e processos mecanicos que pode levar a um comprometimento
isquémico de troncos nervosos (VAN BRAKEL et al., 2007).

O comprometimento do sistema nervoso periférico nessa doenca é baseado
em dois conceitos: infeccdo das células de Schwann e presenca de inflamacao
perineural. Apos a entrada do Mycobacterium leprae no organismo humano pelas vias
respiratorias, ha um tropismo desse bacilo pelos macréfagos e células de Schwann,
levando a uma infecgdo destes tipos celulares. Com isso, o M. leprae infecta os
nervos invadindo sobretudo o compartimento endoneural (SCOLLARD, 2008).

A invasao do bacilo nas células de Schwann pode ser atribuida a sua afinidade
pelo dominio G da laminina a2, uma proteina de matriz celular que esta presente na
lamina basal dessas células. A partir disso, 0 complexo M. leprae/laminina a2 liga-se
a complexos de destroglicano, associando-se a molécula a-distroglicana, enquanto a
B-distroglicana conecta-se com a distrofina, uma proteina intracelular associada a
actina, formando um complexo constituido pela laminina, a-distroglicana, -
distroglicana e distrofina. E importante ressaltar também a existéncia de moléculas
presentes no préprio bacilo responsaveis pela sua ligagdo com a laminina a2, tais
como a proteina de ligacdo do M. leprae a laminina ML-LBP2 e o glicolipidio fendlico
espécie-especifico (PGL-1), responsaveis por mediar o processo de invasado do bacilo
(MATSUMURA et al, 1997; FREEDMAN et al., 1999; RAMBUKKANA, 2001;
SCOLLARD et al., 2015)

Os nervos periféricos mais acometidos na hanseniase estdo localizados
superficialmente, sobretudo em regides frias do corpo (regidao anterior do joelho,
posterior do cotovelo e face) e sujeitas a traumatismos (Figura 2). Estes locais mais
frios sdo adequados para a proliferacdo do M. leprae, cujo crescimento €
extremamente influenciado pela temperatura corporal, com uma maior proliferagcao do
patdgeno em temperaturas em torno de 27 a 30 graus Celsius (°C) (AGRAWAL et al.,
2005).
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Figura 3. Principais nervos acometidos

Hervo fibular

Nervo sural

Fonte: Guia de prevencéao de

incapacidade (Ministério da Saude)

Entre os pacientes que ndo apresentam manifestagcdes cutdneas da
hanseniase, apresentam multiplos acometimentos nervosos de forma assimétrica,
sendo o nervo ulnar o mais envolvido, seguido pelo nervo tibial posterior.
(MENDIRATTA et al., 2006). Aproximadamente 10% do pacientes paucibacilares e
40% dos multibacilares apresentam comprometimento neural periférico clinico
detectavel. Entretando, no comprometimento neural subclinico, que pode ocorrer em
muitos pacientes com hanseniase, 30% das fibras nervosas precisam ser destruidas
antes que as alteragdes sensitivas se tornem detectaveis (VAN BRAKEL e KHAWAS,
1994; SCOLLARD et al., 2015)

Em relagdo as diferentes formas clinicas o comprometimento dos nervos
periféricos ocorre de forma mais leve na forma tuberculéide com poucos nervos
alterados e hipostesia dolorosa e térmica em areas do corpo com temperatura inferior
a temperatura central do paciente. No entanto, com a progressdao da doenga a
resposta inflamatoria mediada por linfocitos T pode levar a lesdo neural caracterizada
com o acometimento de nervos de maior calibre, como 0s nervos mistos (compostos
de fibras sensitivas e motoras) subjacentes a lesdo de pele e/ou dos ramos nervosos
intradérmicos (SABIN et al., 2005).
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Em contatos assintomaticos, ainda n&o esta claro a associacdo da exposicao
ao M. leprae ao inicio do comprometimento neural subclinico. Apesar disso ha
evidéncias de que danos iniciais ocorrem em fibras nervosas nao mielinizadas
(SHETTY et al., 1977; SHETTY et al., 1978; SHETTY et al., 1988). Esse danos foram
evidenciados por reflexos vasomotores anormais e avaliagdo do fluxo sanguineo por
laser Doppler em contatos domiciliares assintomaticos demonstrando disfuncdo no
sistema nervoso autondmico periférico nesse grupo (WILDER-SMITH e WILDER-
SMITH, 1996; WILDER-SMITH et al., 1997).

Na neuropatia hansénica ocorre tanto o comprometimento neural de troncos
nervosos como de ramos cutaneous distais. As queixas iniciais mais prevalentes sao
os sintomas sensitivos (NASCIMENTO, 2013). Além de alteracédo da sensibilidade, ha
dinfuncdo autonbmica periférica em pacientes com neuropatia hansénica,
caracterizada por diminuicdo de temperatura em maos consequente a diminuicdo do
fluxo sanguineo nessa area (ABBOT et al. 1992; SHETTY et al. 1988; WILDER-
SMITH et al., 1996).

As manifestagbes clinicas neurais na hanseniase sdo determinadas pela
imunidade inata do hospedeiro ao M. leprae. Aproximadamente 95% dos adultos tém
imunidade nativa ao M. leprae e nao se infectardo mesmo com exposi¢cao substancial
(SCOLLARD, 2000). No entanto, a presengca de uma resposta imune celular
adequada pode ser benéfica, pois promove mecanismos capazes de destruir o bacilo.
Porém, o quadro inflamatério que acompanha a infeccdo dos nervos periféricos pode
resultar em danos graves e irreversiveis nos pacientes acometidos (SCOLLARD,
2008; SCOLLARD et al., 2015).

A hanseniase deve ser considerada como uma doenga primariamente neural,
reforcando a necessidade do diagnostico e tratamento precoce a fim de evitar o
comprometimento neural periférico que constitui a principal causa de sequelas e
incapacidades nessa doenca. Apesar disso, ainda ha muita dificuldade no
reconhecimento do comprometimento neural pelos profissionais de saude, pois para
muitos a hanseniase continua sendo uma doenga dermatologica, ja que as
manifestacdes cutdneas sdo mais conhecidas e mais facilmente reconhecidas na
pratica clinica (VAN BRAKEL, 2000; WILDER-SMITH e VAN BRAKEL, 2008;
SANTOS et al., 2018).
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2.1.6 - Tratamento

A OMS estabeleceu em 1988 os critérios para o tratamento ambulatorial da
hanseniase por meio de esquemas terapéuticos padronizados de acordo com a
classificagado operacional do paciente. A Poliquimioterapia (PQT) padr&o consiste na
associagcao de 3 medicagbes conhecidas como Rifampicina, Dapsona e Clofazimina
que serao fornecidas ao paciente ja na primeira consulta, apos definicdo do
diagndstico (BRASIL, 2017)

Os pacientes PBs s&o tratados com regime de 6 cartelas (6 meses), sendo
uma dose mensal supervisionada de 600 mg de Rifampicina e 100 mg de Dapsona
diariamente (em casa). O tempo de tratamento é de 6 meses (6 cartelas). Caso
precise suspender a Dapsona, essa devera ser substituida pela Clofazimina 50 mg
por dia, e o paciente a tomara também 300 mg uma vez por més na dose
supervisionada. Em relagédo ao paciente MB, recebera no ambulatério uma dose
mensal supervisionada de 600 mg de Rifampicina, 100 mg de Dapsona e de 300 mg
de Clofazimina. Em casa, o paciente tomara diariamente 100 mg de Dapsona e 50 mg
de Clofazimina por 12 meses (12 cartelas). A Dapsona devera ser substituida pelo
Ofloxacino 400 mg (na dose supervisionada e diariamente) ou pela Minociclina 100
mg (na dose supervisionada e diariamente) se for necessario. Na sexta dose para o
paciente PB e na décima segunda dose para o MB, todos devem ser submetidos ao
exame dermatoldgico, avaliagdo neuroldogica, do grau de incapacidade fisica e

receber alta por cura de acordo com os resultados dos exames.

2.2 - Termografia por infravermelho (IR)

Desde 400 aC ha relatos demonstrando a relagéo entre a temperatura corporal
e as alteragdes fisioldgicas no tratamento de doengas. Em 1950, pesquisadores
comecgaram a apresentar estudos biomédicos envolvendo avaliagcbes de imagens
termograficas (JIANG et al., 2005). Nesse periodo, mais precisamente no ano de
1956, foi publicado pela primeira vez um estudo utilizando a termografia na area
médica, em que verificou-se aumento de temperatura de uma mama com cancer em
relagéo a tecidos normais (LAWSON, 1956).

A partir disso, trés tipos de técnicas para medigdo de infravermelho foram
utilizadas: termografia por cristal liquido, termografia por microondas, e termografia
infravermelha, sendo essa ultima a mais aceita e utilizada na atualidade (NIEHOF,

2007). Portanto, a termografia infravermelha (InfraRed Thermografy - IR) € um exame
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gue permite a analise das alteracdes de temperatura na superficie do corpo, captando
a radiacao infravermelha emitida pela superficie do corpo humano e gerando uma
imagem termografica para posterior analise (SANCHES, 2009).

Essa técnica oferece um meio nao invasivo, sem radiacao ionizante e indolor
para avaliar a emissdo de calor de dermatomos cutaneos do corpo por deteccédo de
radiacdo infravermelha (HILDEBRANDT et al., 2010) e tem sido apresentada como
uma alternativa viavel no diagnéstico de doencgas vasculares (SOULEN et al., 1972) ,
inflamagdes (ANBAR, 1998), deteccdo de comprometimento neural (HERRICK e
HERRICK, 1987), tumores (LEVY et al., 2010), alteracdes metabolicas (SOULEN et
al., 1972), dentre outros. Avancos recentes indicaram que a sensibilidade da técnica
€ capaz de detectar mudancas minusculas relacionadas a temperatura corporal
ocasionadas por mudancas no fluxo sanguineo periférico em diferentes areas da
medicina (TATTERSALL, 2016)

Ha evidéncias de que o sistema nervoso autbnomo é o principal regulador da
circulagdo sanguinea na pele, atuando também como regulador da radiagao térmica
(CHARKOUDIAN, NISHA, 2003). A radiacao é variavel de acordo com a temperatura
da superficie corporal que, por sua vez, é influenciada pelo nivel de perfusao
sanguinea na pele. A imagem térmica infravermelha é adequada para detectar
aumento da perfusdo sanguinea que pode ocorrer devido a processos inflamatorios,
angiogénese ou outras causas, levando ao aumento na temperatura. Enquanto que a
degeneragdo, a redugédo da atividade muscular devido a fraca perfusdo pode ser
apresentada por diminuigdo da temperatura (SCHAEFER et al., 2009; HILDEBRANDT
et al., 2010).

As cameras que captam as imagens por termografia infravermelha estado cada
vez mais modernas, o que permite a obtencdo de imagem de alta resolugdo. Séo
capazes de distinguir diferencas de temperatura menores que 0,07°C em menos de
0,01 segundo, isto é, 30 vezes mais do que a capacidade normal humana. Além
disso, os programas utilizados nas analises das imagens estdo mais sofisticados
permitindo avaliagdes funcionais com subtracdo de imagens, fusdo com imagens de
ressonancia magnética e até mesmo reconstru¢ao tridimensional (BRIOSCHI et al.,
2002).

O mecanismo de captagao da imagem termografica ocorre com a conversao da
radiacdo térmica captada pelo sensor e convertida em um sinal elétrico, em seguida é

transformada em uma imagem colorida que pode ser visualizada em tempo real no
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monitor da camera termografica. As imagens sdo acompanhadas por uma paleta de
cores indicando que as regides mais aquecidas apresentam cores branca e vermelha,
e as areas mais frias, cores azul e negro. A avaliagdo pode ser quantitativa,
representada pelo valor e/ou pela diferengca de temperatura entre areas denominadas
regides de interesse (ROIl), ou qualitativa, descrevendo o padrdo de distribuicdo de
temperatura cutanea em determinada regido, denominado de mapa térmico (Figura 4)
(BRIOSCHI, 2011).

Figura 4: Mapa térmico com paletas de cores representativa.

Fonte: acervo préprio

O uso da termografia infravermelha na identificacdo e avaliagao de disfuncoes
€ baseado principalmente na presenca de assimetrias de temperaturas entre a area
inervada envolvida e a correspondente no lado oposto do corpo, uma vez que o
sistema nervoso que controla a termorregulagao é anatomicamente e fisiologicamente
simétrico (UEMATSU et al., 1988; BRIOSCHI, 2011).

Uma temperatura assimétrica anormal é definida com valor de AT para cada
area especifica do corpo, ao invés de usar um unico valor para comparacdes
(UEMATSU et al., 1988; GATT et al., 2015) . Essa anormalidade pode variar em
diferentes condicbes patolégicas que desencadeiam respostas motoras variadas.
Portanto, em certos casos clinicos, um valor de AT menor que 1 °C pode ser
significativo (UEMATSU et al., 1988). E importante ressaltar que esse valor ainda ndo
esta bem definido para algumas doencas, entre elas a hanseniase.

A termografia utilizada na pesquisa cientifica e na pratica clinica requer
procedimentos padronizados na obtencao de imagens confiaveis. O tempo necessario

para a aclimatizacdo e a temperatura do ambiente sao fatores importantes na captura
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das imagens pois isso estabilizara a pressao sanguinea e a temperatura da pele do
paciente. O tempo de aclimatizagdo recomendado varia entre os estudos, com
periodos de 10 minutos (ROY et al., 2006), 15 minutos (ZONTAK et al., 1998;
SCHWARTZ et al., 2006) e 20 minutos (SCHWARTZ et al., 2006; MERLA et al., 2010)
sugeridos para o paciente permanecer em repouso em uma sala com temperatura e
umidade controlada (SCHWARTZ et al., 2006). No entanto, quando a aclimatizagao
excede 30 minutos pode ocorrer oscilagdo de temperatura, levando a uma assimetria
entre o lado direito e esquerdo do individuo (RING e AMMER, 2000).

Apesar da termografia infravermelha ser uma técnica bem estabelecida em
algumas areas como engenharia e medicina, ela ainda € pouca estuda. Devido a isso
€ necessario o desenvolvimento de trabalhos cientificos que associem as analises
das imagens termograficas com os fendbmenos fisiopatolégicos do sistema nervoso
autbnomo, além da criagdo de protocolos com padronizacdo metodoldgica dessas
imagens em qualquer regido do corpo humano, resultando em maior confianga no uso
da técnica que apresenta um método barato e rapido para diagndstico, prognostico e
monitorizagao de doencas (VARGAS et al., 2009)

2.3 - Temperatura cutanea

A pele ¢é o maior 6rgdo sensorial do nosso corpo, e contribui para a
homeostase, detectando disturbios térmicos e desencadeando respostas de defesa
(ROMANOVSKY, 2014). Sua camada superficial contém capilares e terminacgoes
nervosas. Com a elevada presencga dos capilares sanguineos, o fluxo de sangue na
pele pode ser muito superior as exigéncias nutricionais, contribuindo para a
termorregulagdo. Existem também numerosas anastomoses artério-venosas (AVAs)
que permitem ao sangue contornar capilares conservando deste modo o calor (Figura
3) (UEMATSU et al., 1988; CHARKOUDIAN, N., 2003).
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Figura 5. Fluxo sanguineo na pele.
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O fluxo sanguineo da pele em humanos pode aumentar em resposta ao
estresse térmico promovendo vasodilatagdo ou vasocontricdo. A vasodilatagao e
consequentemente o aumento do fluxo sanguineo da pele (em conjunto com a
transpiracéo) sao essenciais para dissipagao de calor durante a exposi¢cédo ao calor
e/ou exercicio fisico. O que difere da exposi¢cao ao frio, em que ocorre diminuigdo do
fluxo sanguineo da pele devido a vasoconstricdo diminuindo com isso a perda de
calor (CHARKOUDIAN, NISHA, 2003).

A medida da temperatura cutanea resulta da distribuicdo circulatéria de calor,
influenciada pelo fluxo sanguineo e atividade motora dos vasos controlada por
impulsos gerados pelos nervos autonémicos. Com isso, essa medida é importante no
diagnostico de doencas pois a alteragao do fluxo sanguineo apresenta implicagdes
clinicas importantes (CHARKOUDIAN, NISHA, 2003).

No entanto, a temperatura cutdnea € importante no diagnéstico de doengas
pois o controle alterado do fluxo sanguineo apresenta implicagdes clinicas
importantes. Além disso, sua medida resulta da distribuigdo circulatéria de calor,
influenciada pela atividade motora. A fisiologia e anatomia do suprimento vascular da
pele apresentam um padrao simétrico de distribuicdo de temperatura tipico em
individuos saudaveis e quando ha um desvio deste padrdo, caracterizado por
assimetria, pode estar acontecendo algum quadro patolégico caracterizado por
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disfungédo do nervo autonémico periférico (UEMATSU et al., 1988; WILDER-SMITH et
al., 1996; WILDER-SMITH e VAN BRAKEL, 2008; BRIOSCHI, 2011).

No nosso melhor conhecimento, até o0 momento nenhum estudo com avaliacao
por termografia infravermelha mostrou a reducdo de temperatura em maos com
padrao assimétrico em contatos assintomaticos de pacientes com hanseniase. Além
disso, alguns estudos apresentam redugdo de temperatura em méos de doentes
portadores de M.leprae porém o padrdao assimétrico avaliado por termografia
infravermelha sera apresentado pela primeira vez nesse trabalho. Considerando que
a disfungdo autonémica periférica € muitas vezes subclinica, a detec¢do precoce
desse acometimento neural é de fundamental importancia tanto em contatos como em
doentes de hanseniase afim de evitar comprometimentos neurais mais severos

diagnosticados tardiamente.

37



3 - OBJETIVOS

3.1 - Objetivo Geral
Avaliar a diminuicdo e a assimetria de temperatura da pele em maos de
pacientes com hanseniase e contatos assintomaticos por termografia infravermelha

detectando disfungédo autondmica periférica.

3.2 - Objetivos Especificos

o Demonstrar as chances de deteccdo de comprometimento neural em
pacientes com hanseniase comparando termografia com avaliagdo sensitiva e
avaliacao motora (Artigo 1).

o Demonstrar as chances de deteccdo de comprometimento neural em
contatos de pacientes com hanseniase comparando termografia com

eletroneuromiografia e avaliacado sensitiva (Artigo 2).
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4 - RESULTADOS

Artigo 1

Evaluation of skin temperature in hands of leprosy patients detecting

peripheral autonomic dysfunction by infrared thermography.

Esse artigo sera submetido na revista Plos Neglected Tropical Diseases

Fator de impacto: 4.48
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Abstract

Background. Leprosy affects firstly thin myelinated A-delta type fibers and thin unmyelinated
C type fibers than thick myelinated nerve fibers. Besides, it was described that the loss of
thermal sensibility precedes reduced tactile sensibility. Thermography has been used to detect
skin temperature in several physiological and pathophysiological conditions, however,
applications in leprosy are just beginning to emerge. Therefore, the objective of this study was
to analyze the potential of thermography to detect changes in skin temperature of hands in
leprosy patients.

Methods. In this cross-sectional study, 22 healthy subjects and 48 leprosy patients - 16
bordeline turbeculoid (BT), 10 mid-bordeline (BB), 10 bordeline lepromatous (BL) and 12
lepromatous (LL) patients were recruited in a leprosy national reference center in Brazil.
During 2016 to 2018, the patients were diagnosed based on clinical and laboratory tests.
Infrared (IR) thermography was used to measure skin temperature at ten sites in each hand
under resting condition in a controlled temperature room. Besides that, we evaluated sensory
loss by Semmes Weinstein Monofilament and muscle strength by voluntary muscle testing. All
data were analyzed with GraphPad Prism 7.0.

Results/Principal findings: The presence of 3 or more points with asymmetry in the interest
regions (ROIs) was not observed in healthy subjects. However, the presence of 3 or more ROIs
with temperature asymmetry was observed in 25.0% (12/48) of leprosy patients, being 18.7%
(03/16) of BT, 40.0% (04/10) of BB, 20% (02/10) of BL and 25.0% (03/12) of LL, this one
presented 19-fold greater chances to develop temperature asymmetry then healthy subjects
(OR=19; Clos, 3.18 to 113.3; p<0.001). BT patients conferred 25-fold chance of developing
autonomic neural impairment than sensory and motor impairment.

Conclusion: This study presented a potential benefit to use IR thermography to evaluate
asymmetry of skin temperature in hands, detecting early peripheral autonomy dysfunction in

leprosy patients.
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Introduction

Mycobacterium leprae is a bacillus that affects peripheral somatic and autonomic
system. The latter appears to be the focus of initial nerve damage as the small autonomic
fibers may be more vulnerable to M. leprae (1, 2). Leprosy affects neurons producing
enlargement, autonomic dysfunction, sensory loss and motor weakness (2-7).

Leprosy continues to persist a public health issue in developing countries in endemic
areas (8), such as Brazil, which is the second country worldwide in incidence (9). Prompt
diagnosis during the incipient stages is imperative to avoid leprosy complications (10).

Leprosy affects firstly thin myelinated A-delta type fibers and thin unmyelinated C type
fibers than thick myelinated nerve fibers. Besides, it was described that the loss of thermal
sensibility precedes reduced tactile sensibility (11, 12). In early skin lesions in leprosy,
temperature or pain may be impaired, while touch sensibility is preserved. However, in more
advanced stages of the disease, all forms of sensibility are impaired (13).

The analysis of skin temperature was demonstrated in hands of leprosy patients using a
stress cold measurement and LASER doppler flowmetry (14-16). However, both analyzes are
difficult to apply to public health services due to the high costs of the devices and the long
time for application. Besides, a classical study of Abbot and co-workers (1992) demonstrated
cold fingers and lower blood flow in leprosy patients, suggesting impairment of vasomotor
control in hands.

Actually, IR thermography may detected radiation from the surface of the body and it is
correlated with changes in temperature caused by peripheral circulation (17, 18). Thereby the
IR makes possible evaluate skin temperature with high accuracy non-invasively (19). Studies
have reported that radiation thermal imaging has been used to study diseases that modify skin
temperature due the increase or decrease blood flow on clinical abnormality (18, 20). A study

conducted by our group using IR Thermography showed a decrease in temperature in the
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hand of leprosy patients, with loss sensibility by Semmes Weinstein monofilament, when
compared to healthy subjects. The temperature in hands of patients and controls were 32.6°C
and 34.4°C, respectively, demonstrating 1.8°C of temperature difference when compared both
groups (21).

It is important to emphasize that the subclinical autonomic nerve impairment in leprosy
patients has not yet been well established and this study analyzed the use of IR thermography in
leprosy patients. Here, we tested the hypothesis that peripheral autonomic nerve dysfunction of
hands can be detected by IR thermography in leprosy patients. Our goal was to analyze the
potential of infrared thermography to evaluate decrease and asymmetry of skin temperature in

hands detecting peripheral autonomic dysfunction in leprosy patients.

Methods

Ethics statement

The Ethics Committee of the Federal University of Uberlandia approved the study
(CAAE: 82089317.8.0000.5152). Written informed consent was obtained from all participants.
Subjects

This is a cross sectional study that measured the hands skin temperature in a
convenience sample of 70 subjects with 18 to 70 years old and both genders, divided in Healthy
(n=22): subjects without leprosy and without contact of leprosy patients; and multibacillary
leprosy patients (n=48) subdivided in according with clinical form: Borderline tuberculoid
(BT) (n=16), Mid-borderline (BB) (n=10), borderline lepromatous (BL) (n=10) and
lepromatous leprosy (LL) (n=12) (see Suplementary figure 1). All leprosy patients were under
treatment with multidrug therapy. During 2017 to 2018, a committee of leprosy experts based
on clinical and laboratory tests at National Reference Center for Sanitary Dermatology and

Leprosy (CREDESH) diagnosed leprosy patients and then they were evaluated by protocols

43



described above. CREDESH is a public health unit with a multi-professional staff and routinely
works on leprosy prevention.

We excluded individuals who presented other comorbidities, such as: cardiopulmonary
diseases, chronic alcoholism, diabetes mellitus, thyroid disease, hormonal dysfunctions,
malnutrition, hereditary neuropathy, hepatitis B or C, HIV, autoimmune diseases, women in
menstrual period and people who use medications for depression and anxiety.

Laboratory analyses

ELISA anti-PGL-1 IgM serology: Serology ELISA was used to detect circulating
immunoglobulin M antibodies against the Mycobacterium leprae-derived PGL-I antigen
(obtained from BEI Resources) on all leprosy patients. Results for the antibody titers measured
by optical density (OD) at 492 nm were converted into an ELISA index (EI) considering
positive threshold EI>1.0, as described previously (23).

Bacillary Index (BI): The protocol to collected slit-skin smears was described elsewhere
(24). Slit-skin smears from six sites were performed in two ear lobes, both elbows and two
knees were evaluated for the presence of acid-fast bacilli (AFB) with optical microscopy using
Ziehl-Neelsen staining. The samples with observed AFB were considered positive

DNA Extraction and Real Time Quantitative Polymerase Chain Reaction (qPCR): The
protocols to collected slit-skin smears and skin biopsy samples were previous described (24)
and were used to DNA extraction. We used qPCR primer/probe assay to detect M. leprae DNA
(25) to target the M. leprae species-specific genomic element of dispersed repeat (RLEP) (ABI
7300 real time PCR system; Applied Biosystem). The same qPCR assay was used to evaluate
slit-skin smear and skin biopsy from the multibacillary patients. The sensitivity and lower limit
of detection per qPCR reaction was determined in previous study (26). The qPCR instrument
software was used to quantify the samples, using interpolation from the standard curve to
yield the number of bacilli per reaction.

Monofilaments Sensory Test
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The sensory evaluation was performed with Semmes-Weinstein monofilament (SWM),
representing six different force of 0.05g (green), 0.2g (blue), 2g (purple), 4g (red), 10g (orange)
and 300g (magenta) that were applied to the skin. In a quiet room, the procedure was explained
to leprosy patients, asking them not to look but to verbally respond when they felt that they
were being touched. They closed their eyes and turn their head away. The test began with
lightest filament (0,05g) on the six palmar surface areas (ulnar nerve supply: distal and
proximal phalanges of little finger and hypothenar eminence; median nerve supply: distal and
proximal phalanges of index finger and proximal phalanx of thumb) and one area on dorsal
(radial nerve supply) of each hand. Normal reference value is 0.05g (green) for the hands (27).
Voluntary muscle test (VMT)

Standard procedures were used for VMT testing of ulnar, median and radial nerves,
namely little finger abduction (hypothenar muscles), thumb abduction (radial thenar muscles)
and wrist extension (wrist extensors). We used the 0 — 5 scale described by Brandsma coded in
the range 5 (normal strength) to O (paralyzed). The test is performed by checking the ability of
the patient to move a body part to a given position and to hold that position against resistance
applied by the tester. A nerve scoring lower than 5 is considered impaired (28)

Functional disability

The level of functional disability was evaluated, according to the recommended
protocol of the Ministry of Health (29), which evaluates the neural function integrity and the
degree of physical disability, through voluntary muscle testing and sensory evaluation of the
hands.

When there is no neural involvement, patients are classified as disability grade zero
(DG=0), disability grade 1 (DG=1) occurs when there is a decrease or loss of sensitivity in the
eyes, hands, and feet, and DG=2 when there are more serious injuries in the eyes, hands, and
feet (29).

Infrared Thermography
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The study used FLIR® T420 IR camera (FLIR Systems, Inc., Taby, Sweden) with an
image resolution of 240x320 pixels, thermal sensitivity of < 0.045°C to 30 °C and spectral
emissivity was set to 0.98. The procedures was realized based on guidelines to
neuromusculoskeletal IR medical thermography of the American Academy of Thermology
(30). As, recommended, body temperature was measured in degrees Celsius (°C) using a
thermometer. The IR images were obtained from the palmar and dorsal region of healthy
subjects and leprosy patients.

The hands temperature measurements were captured in a room with an ambient
temperature of 23 + 1 °C and thermal losses due to forced convection of air directly on the
volunteer were prevented. The relative humidity of air did not exceed 60% and cold lights
(fluorescent bulbs) were used. The windows were fitted with outside screens to prevent sunlight
entering the room and the air conditioner had sufficient thermal capacity for the size of the
room.

All subjects were instructed not to use any type of moisturizer or cream in the six hours
and not performing vigorous physical exercise in the 24 hours preceding the measurements. In
addition, nicotine and caffeine products should be discontinued at least 4 hours prior to
imaging.

The IR camera was switched on 30 min before measurements began. The distance
between the subjects and the camera was 0.71 m. Before the measurements were obtained, each
participant rested for at least 15 min to acclimatize to the temperature of the room. For the
image capture, all subjects were requested to sit on a chair and their hands were put on a
styrofoam base. They were instructed not to palpate, press, rub or scratch the skin at any time
and relax the muscles, until the examination was concluded.

Interpretation of IR thermographic images
After obtaining all the IR thermographic images, they were saved in JPEG (Joint

Photographic Experts Group) format. In this study, 280 images (four per subjects) of right and
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left hands (palm/back) were evaluated in the FLIR Tools® version 2.1 program (FLIR
Systems© Inc.). This software showed values of maximum, average and minimum
temperature. We choose the minimum temperature because some studies showed neural
impairment in unmyelinated nerve fibers of leprosy patients indicating decreased of blood flow
(2, 15, 16, 31, 32), which can be detected in lower areas by high-resolution IR thermography.

The values of hands temperature, in degree Celcius (°C), and the standard deviation
were calculated using the pixel values within each ROI. Besides that, we calculated the
difference between hands temperature for each ROI from one side to the contralateral side
(AT= Tright hand — Tieft hand)-

Ten regions of interest (ROIs), nine on the palm and one on the back of the right and
left hand, as illustrated in Figure 1, were used to measure the skin surface temperature. Of nine
ROIs on the palm, one was placed on the distal phalanges and one on proximal phalanges of
thumb, index and middle finger, one on proximal phalanx of ring and little finger and one the
carpometacarpal (CMC) area. Of ROI on the back, we considered one region carpometacarpal
(CMC). The CMC area was defined as part of the hand between the wrist (styloid process of
ulna) and the base of the fingers (metacarpophalangeal joints). The ROIs on the CMC region
had a size of approximately 6.400 pixels and were positioned at the same part of palmar and
dorsal side. On the distal and proximal phalanges, the ROIs had a size of approximately 200
pixels. The proximal ROIs were placed between the metacarpophalangeal joints and the
proximal interphalangeal joints. The distal ROIs were positioned between the fingertip and the

distal interphalangeal joint.
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Figura 1. (A) Thermogram with one ROI on the dorsal side and (B) nine ROIs on the p side of
the hand: D: dorsal, P: palmar, FP: proximal phalanx and FD: distal phalanx.

We established a threshold to AT value considering the average plus two standard
deviastion based on healthy group for each ROI. After that, we considered an asymmetric point
when the temperature of each ROI analyzed was greater or equal to specific threshold for each
ROL

Before we set the regions of interest (ROIs) for this study, we conducted a pilot study
with 14 ROIs and we observed that four points presented similar values of AT between studied
groups e higher standard deviation, demonstrating that these areas are unstable for all subjects.
Statistical analysis

All data were analyzed with GraphPad Prism 7.0. The Shapiro Wilk test was used to
test the data normality. For continuous variables, the mean with standard deviation (SD) is
presented when normally distributed. In case of a skewed distribution, the median with
interquartile range (IQR) is presented. For assessing statistical significance, the ANOVA test
and Mann Whitney U-test were used. The statistical significance was determined at a p-value
of 0.05. The measure of association adopted was the ODDS RATIO (OR).

Results

Comparisons of age between health (40.6£11.6) and BT (39.1 £9.9), BB (53.2 £9.5),
BL (50.8+18.4) and LL (51.2 £13.0) did not show any significant difference (p > 0.05). Similar
with age, the body temperature did not present significant difference when compared healthy

(35.8 £0.24) with BT (35.7 £0.22), BB (35.7 £0.24), BL (35.9 £0.14) and LL (35.9 +0.20)
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groups (p > 0.05). Regarding gender, in healthy group 27.6% (06/22) of subjects were men and

72.4% (16/22) were women. Among leprosy patients, in BT group 18.7% (03/16) were men

and 81.2% (13/16) were women; BB group 60% (06/10) were men and 40% (04/10) were

women; BL group 70% (07/10) were men and 30% (03/10) were women; LL group 66.6%

were men and 33.4% were women.
08/12 d 33.4% (04/12

Table 1 showed the comparison of laboratory tests and incapacity degree between

leprosy groups. Except the skin smears qPCR all laboratory tests and incapacity degree

presented significant difference when compared BT, BB, BL and LL clinical form (p<0.05).

Table 1. Laboratory tests positivity and disability grade according to clinical form of leprosy

patients.
Laboratory tests BT (n=16) BB (n=10) BL (n=10) LL(n=12) Chi-squared
test
(positivity)
n % n % n % % x2 p value
Bl in skin biopsies 00 00 05 50 08 80 11 91.6 <0.001
27.93
Skin biopsy gPCR 02 12.5 06 60 08 80 11 91.6 2093 <0.001
BI in skin smears 01 6.25 02 20 09 90 10 833 27.44 <0.001
Skin smears qPCR 07  43.7 06 60 09 90 11 91.6 gog 0.029
ELISA Anti-PGL-I 16 100 10 100 10 100 12 100 * *
Disability grade
(hands)
0 15 937 09  90.0 06 60.0 02 16.6
1 01 6.2 01 10.0 03 30.0 09 750 0.001
22.32
2 - - - 01 10.0 01 8.4
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The skin temperature, observed by IR thermography images of dorsal and palmar
right hand, was diminished in LL patients, in all of 10 ROIs, compared of healthy subjects (p
<0.05), indicating a group with more alterations in ROIs. The BT, BB and BL presented
diminished of skin temperature in dorsal region (p <0.05). Evaluating the palmar region, the BT
group presented decrease of temperature in FP1, FD1, FP2, FD2, FP3, FD3, and FP4 ROIs. The
BB subjects presented diminished of temperature in FD2 (p=0.041), FD3 (p=0.005) and BL
group in P1 (p=0000) ROIs, respectively (Supplementary table 1).

In the left hands, the temperature of LL group was diminished in 9 of 10 ROIs when
compared with healthy groups (p <0.05), similar of right hands this group presented a greater
number of altered ROIs. In BT patients, the temperature was significantly reduced in 8 of 10
ROIS than healthy subjects (p <0.05). Besides, the BB and BL presented decreased (p <0.05)
in temperature of 2 of 10 ROIs (Supplementary table 2).

Table 2 shows AT Value (°C) to each ROI in hands. The AT Value was calculated by
the difference between the same ROI in both hands (AT= Tiight hand — Tieft hand). This value was
used to determine the threshold for each area to calculate the porcentage of subjects with

assymetric reduction of hands’ temperature.

Table 2: Threshold of temperature difference (AT) for each ROI

between right and left hands.

ROIs REGION AT Value (°C)
D dorsal >1.2
P palmar >1.3

FP1 proximal phalanx of thumb >1.38

FDI distal phalanx of thumb >3.0

FP2 proximal phalanx of index >0.7

FD2 distal phalanx of index >2.5
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FP3 proximal phalanx of middle finger >0.6

FD3 distal phalanx of middle finger >1.0
FP4 proximal phalanx of ring >0.7
FP5 Proximal phalanx of little finger >1.3

Table 3 shows the percentage of subjects with temperature difference (AT) at ROIs of
right and left hand among healthy, BT, BB, BL and LL groups. The presence of 3 or more
points with asymmetry in the ROIs was not observed in healthy subjects. However, the
presence of 3 or more ROIs with temperature asymmetry was observed in 25.0% (12/48) of
leprosy patients, being 18.7% (03/16) in BT, 40.0% (04/10) in BB, 20% (02/10) in BL and,
25.0% (03/12) in LL. The asymmetry was limited in healthy subjects (13.6%), however it was

detected in 43.7% of BT, 50% of BB, 50% of BL, and 58.3% of LL patients.

Table 3. Percentage of healthy, BT, BB, BL and LL groups with temperature asymmetry in ten

ROIs according with threshold of AT.

ROI Healthy BT BB BL LL
n=22(%) n=16(%) n=10(%) n=10(%) n=12(%)

0 14 (63.6) 3 (18.7) 00 2(20.0) 0

1 5(27)  6(37.5) 5 (50.0) 3 (30.0) 5(41.7)

2 3(13.6)  4(25.0) 1 (10.0) 3 (30.0) 4(33.3)

>3 0 3(18.7) 4 (40.0) 2(20.0) 3(25.0)

NOTE: (0): no temperature asymmetric; (1): one ROI with temperature asymmetric; (2) two

ROIs with temperature asymmetric and (>3): three or more ROIs with temperature asymmetric

Table 4 showed the chance of occurrence temperature asymmetric between right and
left hands to multibacillary leprosy patients with DT, DD, DL and LL clinical forms with 2 or

more ROIs. The LL, BL, BB, and BT patients presented significative increase in the chances to
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develop asymmetric temperature than healthy subjects.

Table 4: OR of thermal asymmetry considering >2 asymmetric ROIs from

healthy vs. BT, healthy vs. BB, healthy vs. BL and healthy vs. LL

p value OR IC/C1 95%
Healthy vs. BT 0.0462 4.9 1.0-23.6
Healthy vs. BB 0.0373 6.3 1.6-359
Healthy vs. BL 0.0373 6.3 1.1-359
Healthy vs. LL 0.0106 8.8 1.6 -47.2

Notes: p values in bold font are statistically significant at a p <0.05 level. *

Considering > 2 asymmetric ROI to allow calculate ODDS ratio.

Regarding the presence of neural thickening, it was observed in 43.7% (07/16) in BT,
60.0% in BB, 90.0% in BL and 100% in LL evaluating right and left hands. Among them, the
ulnar nerve alteration was the most frequently one and it presented in all patients with
commitment (70.8%, 34/48).

Sensory loss occurs when the subjects do not feel the touch of the green monofilament
(0.05g). In the control group, no individual presented sensory impairment on the hands. In the
leprosy groups, 52% (25/48) of the patients presented at least one abnormality. The individuals
most affected were those of the LL group (91.6%; 11/12) followed by BB (70%; 7/10), BL
(60%; 6/10) and BT (6.2%; 1/16). The Binomial test indicated lower proportions of neural
sensory dysfunction in BT patients (p<0.001). Otherwise, LL patients showed higher
proportion of this dysfunction (p<0.001). However, the proportion of BB and BL was similar to

neural sensory dysfuction (table 5).
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Table 5. Percentage of sensory loss by Semmes Weinsten
monofilament in hands between healthy subjects and leprosy patients

(BT, BB, BL and LL clinical form)

Groups Abnormal Normal Binomial test
n % n %

Healthy 0 0 22 100 *

BT 1 6.2 15 93.8 <0.0001

BB 7 70 3 30 0.0736

BL 6 60 4 40 0.3711

LL 11 91.6 1 8.3 <0.0001

Notes:istep values in bold font are statistically significant at a p <0.05 level.

VMT was used to evaluate muscle strength in healthy and leprosy patients.
Furthermore, healthy group did not presented diminish of muscle strenght, but 31.2% (15/48)
of leprosy patients, being 6.1% (1/12) of BT , 10% (01/10) of BB, 40 % (04/10) of BL and
75% (09/12) of LL patients presentend a score lower than 5, indicating motor neural
dysfunction. Considering the proportion of motor neural impairment in leprosy patients, the
Binomial test indicated lower proportions of neural commitment in BT, BB, and higher

proportion in LL patients (p<0.05) (table 6).
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Table 6. Percentage of muscle strength in hands between healthy

subjects and leprosy patients (BT, BB, BL and LL clinical form).

Groups Abnormal Normal Binomial test
n % n % p value
Healthy 0 0 22100 *
BT 1 62 15 937 0.001
BB 1 10.0 9 90.0 0.001
BL 4 40.0 6 60.0 0.371
LL 9 750 3 250 0.001

Notes: p values in bold font are statistically significant at a p <0.05 level

In order to further explore the complex interaction among patients with neural

impairment, Odds Ratio method was conducted to confirm the chance of occurrence neural

impairment comparing IR thermography, Sensory testing and VMT, demonstrating that BT

patients confers higher chance of developing autonomic neural impairment than sensory and

motor impairment (table 8).

Table 8: Odds ratio (OR) of neural impairment comparing asymmetric temperature

by IR thermography with sensory testing and VMT in BT, BB, BL and LL leprosy

patients.

p value OR IC/CI 95%
IR thermography vs. Sensory test
BT 0.032 11.6 1.22 -110.9
BB 0.365 0.42 0.06 —2.6
BL 0.653 0.66 0.11-3.91
LL 0.085 0.12 0.01-1.33
IR thermography vs. VMT
BT 0.032 11.6 1.22 -110.9
BB 0.073 9.00 0.80 —100.1
BL 0.653 1.50 0.25 — 8.8
LL 0.390 0.46 0.08 —2.65
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Notes: p values in bold font are statistically significant at a p <0.05 level.

Discussion

The present study shows that leprosy promotes reduction in skin temperatures
indicating temperature asymmetry in hands. Based on The IR thermography showed higher
relative risk of temperature asymmetric in both BT, BB, BL, and LL patients than healthy
control subjects. Besides, the IR thermography was most effective than sensory test and VMT
to detect changes in BT patiets, which indicate that autonomic neural dysfunction occurs
previously than sensory loss and motor weakness in these patients.

Several investigators have neurologically classified the peripheral neuropathy of leprosy
as multiple mononeuropathy bilateral (33, 34) and asymmetric (35, 36). It was showed that
ENMG detected neural impairment with asymmetric pattern in all leprosy patients (35). In this
context, leprosy patients presented higher incidence of asymmetric neural impairment in BL
and LL patients by ultrasonography (US) (36), which was parallel with higher incidence of
asymmetric temperature in those BL and LL patients. Besides, the present study also showed
higher asymmetric temperature detection by US in both BT and LL patients.

A possible explanation for the asymmetric temperature due the decrease of temperature
in leprosy patients is the presence of the decrease of unilateral sympathetic vasoconstrictor
nerve conduction (37). This system is anatomically and physiologically symmetrical, thus the
asymmetric temperature changes at the body surface may indicate peripheral autonomic nerve
dysfuction (38). The sympathetic vasoconstrictor nerves are numerous and richly present in
arteriovenous anastomoses (AVA), the opening or closing of these AVA can promote
substantial changes in skin blood flow in glabrous skin. Therefore, the increase of blood flow in
AVA promotes significative decrease in skin capillary blood flow with parallel alterations in
skin temperature (37) ( Figure 3). The autonomic dysfunction may occur at the onset of the

disease in a subclinical period and subsequently may evolve to sensory and motor lesions (39).
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Healthy Leprosy and Contacts
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Figure 3. Schematic draw of a proposed pathway for neurological and vascular involvement

detected by IR thermography in leprosy contacts. Modified from Walloe L, 2016.

In addition of asymmetry involvement, we demonstrated that significative part of
leprosy patients presented decrease in skin temperature of hands evaluated by IR
thermography. Some studies showed decreased of blood flow in hands by LASER Doppler
velocimetry, measuring the vasoconstrictor response of leprosy patients and showed autonomic
dysfunction in this group (16, 40, 41). However, there are limitation of laser Doppler flowmetry
to evaluate peripheral autonomic neuropathies, this device presents issues of reproducibility
due to a minimal displacement of the probe system, limitation of lower areas to analyze
vascular changes, extended application time and the system are expensive (16). On the other
hand, there is a growing interest in IR thermography as an additional tool for peripheral
neuropathies detection (18). It is non-invasive, non-ionizing radiation and painless method and
it has been receiving credibility and acceptance of thermal analysis in several areas of medicine
(42).

The multiple asymmetric mononeuropathy caused by M. leprae can promotes
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autonomic, sensory and motor dysfunction (43). Recurrently, sensory symptoms are considered
as the initial and most common complaints of patients followed by motor fiber impairment (11,
44). We evaluated loss sensory in leprosy patients by SWM and demonstrated that 52% of
leprosy patients showed loss sensory, being the LL group more committed than other groups
and BT was the less one. BB clinical form However, some studies present a mean of 45%
leprosy patients with peripheral sensory damage by SWM (45, 46). In according with Ridley &
Jopling classification the LL clinical form present anesthesia of the hands more intense than
BT, favoring the appearance of injuries and wounds (22).

In this study, evaluating by VMT presented decreased of muscle strength in 31.2% of
leprosy patients, being 75% of LL follow by BL, BB and BT, respectively. A study with 396
new cases of leprosy showed 24.2% presented motor function impairment (34). Other study
corroborated of our investigation, demonstrating that 70% of LL patients presented neural
motor dysfunction follow by BL, BB and BT leprosy patients (47).

Large proportion of leprosy patients has subclinical neuropathy that was not evident
when only sensory monofilament testing and VMT were used. A positive concordance between
sensory testing by monofilaments and thermal sensory threshold indicates that, if touch
sensation was impaired, often, thermal sensation was affected also (11). In our study, we
compared leprosy patients with asymmetric temperature by IR thermography than patients with
loss sensory by SWM and decreased of muscle strength by VMT. Thereby we showed that BT
multibacillary patients presented 25-fold chance to developing neural damage detecting by IR
thermography than SWM and VTM testing. However, IR thermography was important to
detect neural impairment early than sensory and VMT testing, according to other study that
showed a large proportion of leprosy patients with subclinical neuropathy that was not evident
using sensory monofilament test and VMT (40).

Considering that BT as the most prevalent clinical form characterized by early,

asymmetric and severe neural damage as compared with others clinical forms, the IR
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thermography may detect the early neural impairment in BT patients than SWM and VTM (24,
48, 49). Additionally, BT in skin may be represented by almost any part of the spectrum in
nerve, because bacilli in nerve, being immunologicaly undetected, grow more rapidly than in
exposed site in skin without at first affecting the histological response. Bacilli therefore tend to
be more numerous in relation to the histological classification than would be the case in a skin
lesion, justifying the early neural lesion in BT patients (50).

In last years, high rates of clinical and subclinical abnormalities in leprosy were been
described in Brazil (24, 35, 48, 51-53). These studies performed for leprosy diagnosis based on
clinical, serological and molecular variables. This study demonstrated the confirmation of
leprosy by a diagnostic method that combines classical and novel tools, indicating more
detection of M leprae in qPCR testing than bacilloscopy analysis in slit skin smear and biopsy,
demonstrating that this method is directly proportional to the bacillary load and humoral
response detected by ELISA anti-PGL-I IgM (26, 48, 54, 55).

In summary, we showed that leprosy promotes reduction in superficial temperature
indicating the presence of temperature asymmetry in hands. Additionally, IR thermography
detected higher frequency of temperature asymmetric demonstrating that LL patients as the
most commitment; follow BL, BB and BT patients. Besides that, BT patients presented
temperature asymmetry detected in higher frequency than loss sensory and decreased muscle
strength. Finally, this study presented a potential benefit to use IR thermography to evaluate
decrease and asymmetry of skin temperature in hands, detecting early peripheral autonomy

dysfunction in leprosy patients.
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Supplementary dates
Table 1: Minimum dorsal and palmar skin temperature of right hand among healthy subjects and leprosy (BT, BB, BL and

LL) patients.
Healthy BT Healthy x BB Healthy BL Healthy LL Healthy
(n=22) (n=16) BT (n=10) x BB (n=10) x BL (n=12) x LL
Dorsal
D1 33.7 325 0.003 32.7 0.049 329 0.048 32.1 0.001
median [11Q] [33.2-34.6] [31.7-33.5] [31.8-34.4] [32.1-33.7] [29.5-33.2]
Palmar
Pl 33.6 32.8 0.134 32.7 0.112 31.7 0.001 321 0.015
mean (SD) (+1.0) (*1.8) (*1.8) (*1.4) (*2.1)
FP1 342 333 0.029 34.0 0.535 339 0.324 32.9 0.009
mean (SD) (£0.8) (£1.6) (£1.3) (£0.8) (£1.9)
FD1 33.0 30.9 0.002 31.9 0.238 33.6 0.287 31.0 0.018
mean (SD) (£0.9) (£1.8) (£2.0) (£0.6) (£2.1)
FP2 344 33.2 0.018 33.6 0.150 34.1 0.339 329 0.011
mean (SD) (+0.9) (£1.8) (2.0) (£0.6) (2.1)
FD2 33.0 30.5 0.001 31.6 0.041 323 0.338 30.2 0.001
mean (SD) (*1.7) &1.7) (1.5) (*1.4) (*2.2)
FP3 345 33.2 0.011 33.7 0.132 339 0.097 32.8 0.005
mean (SD) (+0.8) (£1.8) (£1.8) (£0.9) (£2.2)
FD3 33.0 30.7 0.001 324 0.005 33.0 0.916 30.6 0.001
median [11Q] [32.3-33.9]  [29.3-32.0] [29.2-32.8] [32.7-33.9] [27.7-32.0]
FP4 343 33.0 0.012 33.7 0.241 335 0.062 32.5 0.004
mean (SD) (+0.8) (£1.9) (£1.6) (£1.2) (£2.4)
FP5 335 334 0.132 343 0.947 32.7 0.426 31.9 0.010
median [11Q] [33.1-34.3] [30.2-34.3] [31.2-35.3] [32.0-34.0] [30.2-33.8]

_____

Temperature was showed in Celcius degree (°C).



Table 2: Minimum dorsal and palmar skin temperature of left hand among healthy subjects and leprosy (BT, BB, BL and

LL) patients
Healthy BT Healthy x BB Healthy BL Healthy LL Healthy
(n=22) (n=16) BT (n=10) x BB (n=10) x BL (n=12) x LL
Dorsal
D1 33.8 325 0.015 323 0.027 32.9 0.029 31.5 0.001
median [11Q] (£1.0) (+1.9) (x2.4) (+0.8) (x1.9)
Palmar
P1 33.7 325 0.033 33.1 0.330 32.3 0.010 31.8 0.005
mean (SD) (£1.1) (1.8) (*1.5) (x1.3) (x2.4)
FP1 34.3 33.8 0.087 344 0.516 334 0.352 334 0.064
mean (SD) [33.6-34.9] [32.5-34.4] [32.0-35.3] [32.7-35.0] [30.8-34.8]
FD1 32.8 31.2 0.030 32.1 0.492 33.1 0.519 30.43 0.009
mean (SD) (£1.9) (£2.2) (£2.5) (£0.9) (£2.9)
FP2 34.5 33.1 0.014 33.7 0.103 339 0.148 32.7 0.004
mean (SD) (#0.8) (2.0) *1.7) (x1.1) (£2.2)
FD2 333 31.3 0.001 31.9 0.023 33.1 0.915 30.8 0.001
mean (SD) [32.6-33.7]  [30.3-31.9] [29.3-34-1] [32.6-34.2] [27.9-32.1]
FP3 34.0 332 0.104 33.8 0.649 33.7 0.456 32.6 0.026
mean (SD) (£1.1) (£1.9) (£1.4) (£1.2) (£2.3)
FD3 32.9 30.6 0.001 31.8 0.082 32.8 0.932 30.1 0.001
median [11Q] (1.1) (2.1) (+2.0) (+0.7) (*2.7)
FP4 343 33.0 0.022 33.6 0.190 32.8 0.182 30.1 0.001
mean (SD) (=1.1) (£2.0) (+1.9) (x1.1) (£2.5)
FP5 33.8 325 0.034 325 0.056 335 0.582 31.8 0.006
median [11Q] (£1.1) (+2.2) (x2.4) (x1.1) (*2.7)

Notes: p values in bold font are statistically significant at a p <0.05 levelists. IQR: Interquartile range[s}:p}. SD: Standard

deviationiske.. Temperature was showed in Celcius degree (°C).
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Abstract

Background. Leprosy is a chronic infectious disease caused by Mycobacterium leprae and is
one of the most common causes of non-traumatic peripheral neuropathy worldwide. Most of
the individuals expose to M. leprae, don’t manifest the disease, which supports the hypothesis
of asymptomatic infection and its potential role to the chain of leprosy transmission. Infrared
(IR) thermography may detect body temperature through increase or decrease of blood flow.
The thermal imaging has been used to study diseases that modify skin temperature on clinical
abnormality, as peripheral autonomic neuropathy. Thus, the aim of present study was to use
thermography to identify asymmetric temperature between both hands in asymptomatic leprosy
contacts.

Methods. We recruited 144 subjects divided in three groups: 23 healthy subjects, 66
seropositive and 55 seronegative leprosy contacts with anti-phenolic glycolipid I (anti-PGLT)
serology. Skin temperature was measured by FLIR® T420 IR camera on ten regions of interest
(ROIs) in each hand at controlled room temperature. The electroneuromyography (ENMGQG)
exam was performed in seropositive leprosy contacts aiming to evaluate the neural asymmetry
in hands sensory and motor conduction. Sensory test by Semmens-Weinstein monofilament
was used to evaluating cutaneous sensory in all groups, six areas were examined on the palmar
surface and one on the back of each hand.

Results: Skin temperature of both hands was reduced (p < 0.05) on all ROIs in seropositive
contacts and in the three ROIs of distal phalanges in seronegative contacts (p < 0.05) than
healthy subjects. The presence of 3 or more ROIs with temperature asymmetry was observed in
65.1% (43/66) of seropositive and 50.9% (28/55) in seronegative contacts. These temperature
alterations indicate that the seropositive contacts presented 26.1 and seronegative leprosy
contacts presented 9.6-fold chance to develop asymmetric temperature than healthy (p < 0.05).

ENMG demonstrated that 25.7% (17/66) seropositive leprosy contacts presented neural
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impairment. Sensory loss was observed in 9.0% (08/66) of leprosy contacts. The comparasion
among IR thermography, ENMG and sensory test revealed that the first detects neural
impairment whith higher proportion than others (p=0.001).

Conclusion: In summary, the study highlights that IR thermography may detected temperature
asymmetry in hands of seropositive and seronegative leprosy contacts indicating peripheral
autonomic dysfunction related to early neural impairment in leprosy. This reinforces the
imporantace of implementation evaluates to detect early neural impairment in the
epidemiological surveillance of contacts, thus preventing the evolution of neural damage
and consequently the installation of physical disabilities

Keywords: Mycobacterium leprae, epidemiologic surveillance, autonomic nerves,

thermography, phenolic glycolipid I

Introduction

Leprosy is a debilitating chronic infectious disease caused by Mycobacterium leprae
who not only affects somatic motor and sensory nerves but also autonomic nerve fiber. The
M. leprae has predilection for infecting macrophages in skin and Schwann cells in peripheral
nerves, however nerve involvement occurs in all leprosy patients, resulting in loss of
sensation, an early symptom of the disease with an asymmetrical impairment (1-8). This
disease still represents a problem for public health in developing countries such as Brazil,
which is the second worldwide in the number of new cases in world (9).

Several studies have demonstrated that leprosy contacts of multibacillary (MB) patients
present 10-fold greater risk of developing leprosy than the general population (10, 11). On the
other hand, most of the exposed individuals do not manifest the disease, which supports the
hypothesis of asymptomatic infection and its potential role to the chain of transmission of

Mycobacterium leprae (12-15).
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The investigation of the infectivity of M. leprae through molecular and immunological
tools has shown about 18% of leprosy contacts presented subclinical infection with positive
anti-phenolic glycolipid I (PGL-I) indicating a higher relative risk of almost 6-fold to develop
leprosy (14, 16, 17). Previous study from our group corroborates the results above showing that
ENMG may detect neural impairment in 31.4% of seropositive and 13.1% of soronegatives
contacts, conferring 4.04-fold greater chance of neural damage (8).

Meanwhile, there are evidences that initial neural impairment occurs in small or
unmyelinated nerve fibers in leprosy patients and contacts (6, 18-21) and the clinical
manifestation of dysautonomia is characterized by thermal regulation and sensory loss (22).
Thirty years ago, Shetty et al. (1977) showed that leprosy contacts presented demyelinated
nerves resulting in a decrease nerve conduction velocity.

Actually, infrared (IR) thermography may detected thermal radiation from the surface
of the body and it is correlated with changes in temperature caused by peripheral circulation
(23, 24). Thereby the IR makes possible to evaluate skin temperature with high accuracy and
non-invasively (25). Studies have reported that radiation thermal imaging has been used to
study diseases that modify skin temperature due the increase or decrease blood flow on clinical
abnormality (24, 26). A study conducted by our group using IR Thermography showed a
decrease in temperature in the hands of leprosy patients when compared with healthy subjects.
The temperature in hands of patients and controls, were 32.6 °C and 34.4 °C, respectively,
demonstrating 1.8 °C of temperature difference when compared both groups (27).

It is important to emphasize that the subclinical autonomic nerve impairment in leprosy
contacts has not yet been well established and this study analyzed for the first time the use of
IR thermography in asymptomatic leprosy contacts. Such elucidation would enable the
discussion of chemoprophylaxis and early treatment, as a complementary strategy for leprosy

control. Here, we tested the hypothesis that peripheral autonomic nerve dysfunction of hands
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can be detected by IR thermography in asymptomatic leprosy contacts. In this manner, our goal
was to use IR thermography to identify asymmetric temperature among both hands in
seropositive and seronegative asymptomatic leprosy contacts for anti-PGL-I immunoglobulin

M (IgM) antibodies.

Methods

Ethics statement

The Ethics Committee of the Federal University of Uberlandia approved the study (CAAE:

82089317.8.0000.5152). Written informed consent was obtained from all participants.
Subjects

This is a cross-section study that measured the the asymmetry in hands temperaturein
144 subjects from 18 to 70 years old and both genders, during the period from 2017 to 2019.
The sample size was determined to be sufficient through calculations using the GPower 3.1.1
computer program software (28). Power analysis indicated that a total of 117 participants were
obtained after considering that the size of the mains effects was 0.37 (according to previous
study data using temperature averages of the palmar region), the probability for type a error
was 0.05 (5%), test power of 0.95 and the total number of 3 groups, using analysis of variance
(ANOVA), within-between subject interactions.

After that, the subjects were divided in three groups: (I) healthy (n=23): subjects
without leprosy and without contact of leprosy patients; (II) asymptomatic leprosy contacts
who presented positive serology for enzyme-linked immunosorbent (ELISA) anti-PGL-I
(n=66) and (III) asymptomatic leprosy contacts with negative serology for ELISA anti-PGL-I
(n=55) (see Supplementary Figure 1). Leprosy contacts were defined as persons who live or

have lived in the same dwelling as a patient with leprosy in the last 5 years before the leprosy
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diagnosis (29). They were evaluated at National Reference Center for Sanitary Dermatology
and Leprosy (CREDESH) that is a public health unit with a multi-professional staff and
routinely works on leprosy prevention, particularly by monitoring contacts, actively searching
for early cases, and administering treatment to those affected by the disease.

We excluded individuals who presented other comorbidities, such as: cardiopulmonary
diseases, chronic alcoholism, diabetes mellitus, thyroid disease, hormonal dysfunctions,
malnutrition, hereditary neuropathy, hepatitis B or C, HIV, autoimmune diseases, anxiety,
women in menstrual period, and leprosy contacts who presented signs of leprosy at first

examination (coprevalence cases).

Epidemiological and clinical characterization

The leprosy contacts are followed up annually for a period of at least 7 years and they
were submitted to dermatoneurological examination and biological samples were
collected for ELISA anti-PGL-I analysis. They are referred for evaluation by a
multidisciplinary team if they present signs, symptoms and/or combination of laboratory
tests.

Leprosy contacts were classified according to the number of BCG scars (0, 1, or 2
scars) (30) and according to the clinical classifications of their index cases as per the Ridley-
Jopling classification: TT (tuberculoid), BT (borderline-tuberculoid), BB (borderline-
borderline), BL (borderline-lepromatous), and LL (lepromatous) (31) , and also per operational
classifications for paucibacillary (PB) or multibacillary (MB).

ELISA anti-PGL-I IgM serology

Serology ELISA was used to detect circulating immunoglobulin M antibodies against
the Mycobacterium leprae-derived PGL-I antigen (obtained from BEI Resources) on all leprosy
contacts. Results for the antibody titers measured by optical density (OD) at 492 nm were

converted into an ELISA index (EI) considering positive threshold EI>1.1, as described
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previously (32).
Monofilaments sensory testing

The sensory testing, recommended by World Healthy Organization (WHO), was
performed with Semmes-Weinstein monofilament (SWM), composed by six different force of
0.05g (green), 0.2g (blue), 2g (purple), 4g (red), 10g (orange) and 300g (magenta) which
allowed by touching different areas in the hands. Six areas were examined on the palmar
surface (ulnar nerve supply: distal and proximal phalanges of little finger and hypothenar
eminence; median nerve supply: distal and proximal phalanges of index finger and proximal
phalanx of thumb) and one area on back (radial nerve supply) of each hand. The sensory testing
is considering normal when the subjects feel the 0.05 g monofilaments (33).

In a quiet room, the procedure was explained to leprosy contacts, asking them not to
look but to verbally respond when they felt that they were being touched. The subjects closed
their eyes and turn their head away. The test began with lightest filament (0.05g), if the subject
detected the stimuli a thicker filament was used following the same procedure (33).

Functional disability

The level of functional disability was evaluated, according to the recommended
protocol of the Brazilian Ministry of Health (34), which evaluates the neural function integrity
and the degree of physical disability, through voluntary muscle testing and sensory evaluation
of hands. When there is no neural involvement, patients are classified as disability grade zero
(DG=0), disability grade 1 (DG=1) occurs when there is a decrease or loss of sensitivity in
hands, and DG=2 when there are more serious injuries in hands. (34).

Electroneuromiography (ENMG)
ENMG studies were carried out utilizing the MEB 4200K (NIHON-KODHEN)
device. In this study, this examination was performed only in seropositive leprosy contacts

because it is a protocol of the CREDESH where the data was collected. ENMG evaluated the
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neural asymmetry in the hands by sensory conduction in the median, ulnar, dorsal hand
cutaneous, radial and lateral antebrachial cutaneous, median antebrachial cutaneous. In the
neuronal motor conduction study in both hands, the median and ulnar nerves were examined,
supplemented by techniques for focal impairment identification at compression sites often
affected in leprosy neuropathy, such as median nerve at the wrist and ulnar nerve at the elbow
(8).

Infrared Thermography

The study used FLIR® T420 IR camera (FLIR Systems, Inc., Tdby, Sweden) with an
image resolution of 240x320 pixels, thermal sensitivity of < 0.045°C a 30 °C and spectral
emissivity was set to 0.98. The procedures was realized based on guidelines to
neuromusculoskeletal IR medical thermography of the American Academy of Thermology
(35). As, recommended, body temperature was measured in degrees Celsius (°C) using a
thermometer. The IR images were obtained from the palmar and dorsal region.

The hands temperature measurements were captured in a room with an ambient
temperature of 23 + 1 °C and thermal losses due to forced convection of air directly on the
volunteer were prevented. The relative humidity of air did not exceed 60% and cold lights
(fluorescent bulbs) were used. The windows were fitted with outside screens to prevent sunlight
entering the room and the air conditioner had sufficient thermal capacity for the size of the
room.

All subjects were instructed not to use any type of moisturizer or cream in the six hours
and not performing vigorous physical exercise in the 24 hours preceding the measurements. In
addition, nicotine and caffeine products should be discontinued at least 4 hours prior to
imaging.

The Infrared (IR) camera was switched on 30 min before measurements began. The

distance between the subjects and the camera was 0.71 m. Before the measurements were
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obtained, each participant rested for at least 15 min to acclimatize to the temperature of the
room. For the image capture, all subjects were requested to sit on a chair and their hands were
put on a styrofoam base. They were instructed not to palpate, press, rub or scratch the skin at
any time and relax the muscles, until the examination was concluded.

Interpretation of IR thermographic images

After obtaining all the IR thermographic images, they were saved in JPEG (Joint
Photographic Experts Group) format. In this study, 576 images (four per subjects) of right and
left hands (palm/back) were evaluated in the FLIR Tools® version 2.1 program (FLIR
Systems© Inc.). This software showed values of maximum, average and minimum
temperature. We choose the minimum temperature due to some studies showed neural
impairment in unmyelinated nerve fibers of leprosy patients and contacts indicating decreased
of blood flow (6, 18-21), which can be detected in lower areas by high-resolution IR
thermography.

The mean of the temperature, in degree Celcius (°C), and the standard deviation were
calculated using the pixel values within each ROI. Besides that, we calculated the difference
between hands temperature for each ROI from one side to the contralateral side (AT= Tright hand
— Tleft hand)-

Ten regions of interest (ROIs), nine on the palm and one on the back of the right and
left hand, as illustrated in Figure 1, were used to measure the skin surface temperature. Of nine
ROIs on the palm, one was placed on the distal phalanges and one on proximal phalanges of
thumb, index and middle finger, one on proximal phalanx of ring and little finger and one the
carpometacarpal (CMC) area. Of ROI on the back, we considered one region carpometacarpal
(CMC). The CMC area was defined as part of the hand between the wrist (styloid process of
ulna) and the base of the fingers (metacarpophalangeal joints). The ROIs on the CMC region

had a size of approximately 6.400 pixels and were positioned at the same part of palmar and
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dorsal side. On the distal and proximal phalanges, the ROIs had a size of approximately 200
pixels. The proximal ROIs were placed between the metacarpophalangeal joints and the
proximal interphalangeal joints. The distal ROIs were positioned between the fingertip and the
distal interphalangeal joint.

Before we set the regions of interest (ROIs) for this study, we conducted a pilot study
with 14 ROIs and we observed that four points presented similar values of AT between studied
groups ¢ higher standard deviation, demonstrating that these areas are unstable for all subjects.
Statistical analysis

All data were analyzed with GraphPad Prism 7.0. The Shapiro Wilk test was used to
test the data normality. For continuous variables, the mean with standard deviation (SD) is
presented when normally distributed. In case of a skewed distribution, the median with
interquartile range (IQR) is presented. For assessing statistical significance, the ANOVA test,
Mann Whitney U-test were used. The statistical significance was determined at a p-value of
0.05. The Wilcoxon-Mann- Whitney U Test was carried out, and the Binomial Test was
applied to the Study of Dichotomous Variables, with significance defined as p value of less
than 0.05. The measure of association adopted was the Odds Ratio (OR).

Results

Comparisons of age, gender and body temperature between groups of health and
leprosy contacts did not show any significant difference (see Supplementary Table 1).

Among 121 leprosy contacts, 54.5% (66/121) presented positive result and 45.5%
(55/121) negative for anti-PGL-1 ELISA. The mean anti-PGL-I IgM ELISA index was 1.67 in
seropositive contacts, and 0.27 in seronegative contacts (p<0.0001). Any seropositive and

seronegative had changes in the incapacity degree.
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Comparisons of type of contacts, Operational Classification (OC) and clinical form (CF)
of the index case and BCG scars between leprosy contacts groups did not show any significant
difference (see Supplementary Table 2).

The skin temperature, observed in IR thermography images of dorsal and palmar right
hands, was diminished in seropositive leprosy contacts, on all of 10 ROIs, when compared to
healthy subjects (p <0.05). In relation to seronegative leprosy contacts, the temperature was
significantly reduced in FD1 (p=0.001), FD2 (p=0.0005) and FD3 (p=0.0002) than healthy
subjects. Similar with right hand, the skin temperature of left hand in seropositive leprosy
contacts were reduced (p < 0.05) in all of 10 regions compared to healthy subjects, while in
seronegative leprosy contacts the temperature was also reduced in FD1 (p=0.007), FD2
(p=0.002) and FD3 (p=0.007) when compared with healthy subjects (see Suplementary table 3
and 4).

The averages of temperature difference (AT) in the right and left hand between healthy,
seropositive and seronegative groups was diminished in FP3 region (p < 0.05) when compared
between healthy, seropositive and seronegative leprosy contacts. Besides, AT of FP2, FP4, FD4
and FPS5 was also reduced (p < 0.05) in seropositive leprosy contacts than healthy controls (see
Suplementary table 5).

We established a threshold to AT value considering the average plus upper limit of
normality based on healthy group for each ROI, as described in figure 2. After that, we
considered an asymmetric point when the temperature of each ROI analyzed was higher than
this specific threshold to each ROI.

Table 1 shows the percentage of subjects with temperature difference (AT) among ROIs
of right and left hand between healthy, seropositive and seronegative leprosy contacts. The
presence of two or more points with asymmetry in the ROIs was observed in 4.3% (1/23)

healthy subjects, being more prevalent in seropositive leprosy contacts with 81.8% (54/66)
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followed by seronegative representing 60.0% (33/55).

In order to further explore the complex interaction among results, the Odds ration (OR)
measure was calculated to confirm the association among variables elucidated above with the
chance of occurrence of asymmetric temperature between right and left hands to seropositive
contacts and seronegative contacts (Table 2). Leprosy contacts with positive results for ELISA
anti-PGL-I confer a 99.0-fold greater chances of asymmetric temperature than healthy subjects
(p<0.0001). In the same way, the chances of asymmetric temperature are increased 33.0-fold in
seronegative leprosy contacts than healthy subjects (p<0.0001). When we compared
seropositive and seronegative contacts, the seroposive presented 3-fold greater chances of
asymmetric temperature than seronegative contacts (p=0.014).

Among seropositive leprosy contacts who were evaluated by ENMG, 25.7% (17/66)
presented neural impairment (sensory and/or motor nerves) in while 81.8% (54/66) presented
neural autonomic damage verified by IR thermography. Altogether, the binomial test indicated
that thermal asymmetry detects changes in seropositive contacts with higher proportion
(p=0.001) than ENMG evaluation.

Sensory loss occurs when the subjects do not feel the touch of the green monofilament
(0.05g). In this study, 9.0% (11/121) of leprosy contacts showed loss sensory, among them
12.1% (08/66) seropositive leprosy contacts and 5.45% (03/55) seronegative (p=0.204).
Considering that thermal asymmetry was detected in 71.9% (87/121) leprosy contacts, being
81.8% (54/66) of seropositive leprosy and 60.0% (33/55) of seronegative and comparing the
proportions of changes by the two tests (9% vs. 71.9%) through the binominal test, it is noted
that IR thermography may detect neural damage with higher proportion than sensory evaluation
(p=0.001).

It is important to emphasis that 13% (9/66) of seropositive contacts had diagnosis of

leprosy during the study development, between them all had neural impairment detected by
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EMG and by IR thermography. This proves that in many cases there is potential for the disease

to be ongoing and autonomic neural dysfunction may be its initial manifestation.

Discussion

Seropositive and seronegative leprosy contacts showed asymmetric temperature in
hands indicating peripheral autonomic neuropathy. The asymmetric temperature increased
26.1-fold chance in seropositive leprosy contacts and 9.6-fold in seronegative compared with
healthy subjects. A possible explanation for this finding is the presence of the decrease of
sympathetic vasoconstrictor nerves conduction. These nerves are numerous and richly present
in arteriovenous anastomoses (AVA) which are localized in human cutaneous circulation areas
of glabrous skin (hands), the opening or closing of these AVA can cause substantial changes in
skin blood flow. Therefore, the increase of blood flow in AVA promotes significative decrease
in skin capillary flow with parallel alterations in skin temperature (36).

This system is anatomically and physiologically symmetrical. For this reason, localized
asymmetric temperature changes at the body surface may indicate peripheral autonomic nerve
dysfunction (37). We believe that asymmetric temperature at the body surface indicate
subclinical autonomic neural dysfunction in asymptomatic leprosy contacts. This dysfunction
may occur at the onset of the disease in a subclinical period and subsequently may evolve to
sensory and motor lesions slowly (38).

Leprosy contacts present a higher relative risk of almost 6-fold to develop leprosy (14,
16, 17) and conferring 4.04-fold greater chance of neural damage (8). Twenty years ago,
studies have already demonstrated autonomic nerve impairment in this group. LASER Doppler
velocimetry of microvascular blood flow in hands measured the vasoconstrictor response to an
autonomic stimulus, showing abnormal results in 80% of leprosy patients and 50% - 55% of

asymptomatic leprosy contacts (21). Furthermore, in the same period, other study demonstrated
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that 58% of contacts had some degree of autonomic nerve dysfunction, evidenced by blood
flow reduction in hands being higher in asymptomatic leprosy contacts and in hospital contacts
than control (39). Corroborating the previous studies, we presented that 58.6% (71/121) of the
leprosy contacts showed 3 or more ROIs with temperature asymmetry in hands, indicating
subclinical peripheral dysautonomy, being a early impairment of leprosy (38).

There are limitation of laser Doppler flowmetry such as: expensive system, extended
application time (21), changes in effect by gender and age, presence of marked callouses and
high variability vasomotor reflex and limitation of lower areas to analyze vascular changes. On
the other hand, despite some specific points, the thermography is non-invasive, non-ionizing
radiation and painless method and it has been receiving credibility and acceptance of thermal
analysis in several areas of medicine (24).

To evaluate the impairment of sensory and motor nerves, a potential advantage of using
ENMG have been reported to detect neurophysiological impairment in leprosy contacts (8). In
the present study, the soropositive contacts were evaluated by ENMG and we observed that
25.7% of this group presented neural impairment. Recently, our research group showed that
neural damages detected by ENMG was present in 31.4% of seropositive contacts and in 13.3%
of seronegative contacts, conferring 4.04-fold greater chance of neural damage in seropositive
contacts. Thereby an algorithm for follow-up of leprosy contacts was created including ENMG
to seropositive leprosy contacts (8).

Besides that, it was observed that 12.1% of seropositive and 5.45% of seronegative
contacts, respectively, showed loss sensory in hands through the sensory evaluation with
Semens-Weinstein monofilaments, showing that sensory damage is not present in most cases.
However, there is evidence of peripheral autonomic dysfunction due to the high proportion of
altered cases detected by IR thermography when compared with sensory testing. Some studies

corroborated this find demonstrating that autonomic dysfunction may be the first sign of
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developing leprosy (39-41).

Considering that thermal asymmetry was detected in a highest proportion than the
sensory symptoms and sensory nerve conduction, we believe that IR thermography could be
used to detect peripheral neuropathy earlier. These results reinforce the importance of
epidemiological surveillance and follow-up of leprosy contacts, allowing early recognition of
neural impairment in this population.

It is important to emphasize that studies showed peripheral autonomic nerve damage in
asymptomatic contacts of leprosy patients, however these ones do not classified the population
in seropositive or seronegative contacts with gold standard characterization (20, 21, 42). This is
the first study in an endemic area evidencing peripheral autonomic dysfunction in leprosy
contacts by IR thermography. It may be the first clinical manifestation of leprosy, and when
appropriately recognized may contribute to early diagnosis and treatment of leprosy.

Therefore, according to the global leprosy strategy to reduce the global burden of
disease, the development of new tools as based-asymmetry IR thermography protocol in
leprosy may detect neural impairment caused by M. leprae in seropositive and seronegative
contacts, which permit identify individual with autonomic neuropathy more earlier than current
analysis. It may contribute to the early leprosy diagnoses combined with current exams. Taking
into consideration our findings, we propose an algorithm for the surveillance of leprosy
contacts (Figure 3).

In summary, the study highlights that IR thermography may detected temperature
asymmetric in hands of seropositive and seronegative leprosy contacts indicating peripheral
autonomic dysfunction related to early neural impairment in leprosy. This reinforces the
importance of implementation of IR thermography in the epidemiological surveillance of
leprosy contacts, preventing the evolution of neural damage and consequently the installation

of physical disabilities.
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TABLES

Table 1. Percentage of healthy, seropositive and seronegative LC groups with temperature

asymmetry in ten ROIs.
Healthy Seropositive LC p value' Seronegative LC p value’
(n=23) (n=66) (n=55)
ROI n % n % n %
0 15 65,2 04 6,0 0.001 08 14,5 0.005
1 07 30,4 08 12,1 0.001 14 25,4 0.019
>2 01 4,3 54 81,8 0.001 33 60,0 0.993

NOTE: (0): no temperature asymmetric; (1): one ROI with temperature asymmetric; (2) two
ROIs with temperature asymmetric. (1) Healthy vs. Seropositive LC. (2) Healthy vs.

Seronegative LC. p<0.05.

88



Table 2. Odds Ratio to thermal asymmetry considering >2 asymmetric ROIs
from healthy vs. seropositive HHC, healthy vs. seronegative HCC and

seropositive HHC vs. seronegative HHC.

Groups p value ODDS IC/C1 95%
Healthy vs. Seropositive LC <0.0001 99.0 12.1 - 807.9
Healthy vs. Seronegative LC <0.0001 33.0 4.14-2629
Seropositive LC vs. Seronegative LC 0.014 3.0 1.31-6.85

Notes: p<0.05 are statistically significant.

FIGURES AND ILLUSTRATIONS

Figure 1. (A) Thermal images with one ROI on the dorsal side and (B) nine ROIs on the dorsal

side of the hand: D: dorsal, P: palmar, FP: proximal phalanx and FD: distal phalanx.
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ROIs REGION AT Value (°C)

D dorsal > 1.1
P palmar >1.3
FP1 proximal phalanx of thumb >1.8
FDI distal phalanx of thumb >2.38
FP2 proximal phalanx of index >0.7
FD2 distal phalanx of index >24

FP3 proximal phalanx of middle finger >0.5

FD3 distal phalanx of middle finger >1.0
FP4 proximal phalanx of ring >0.7
FP5 Proximal phalanx of little finger >1.3

Figure 2. Threshold of AT value considering the average plus upper limit of normality based on

healthy group for each ROI
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Algorithm for annual surveillance of leprosy contacts evaluation

Dermatoneurological examination

Blood collection for serology ELISA anti-PGL-1

Seropositive contacts

I

|

Seronegative contacts

|

Positive Negalive Positive Negative
IR Thermography IR Thermography IR IR Thermography
| ThtrmrFraphy |
Slit skin smear Return for the annual 5lit skin smear Return for the

(Bacilloscopy and qPCR)

Skin hopsy in the area
above elbow
{Bacilloscopy and qPCR)

Eletroneuromyography

follow up in six months

i Bacilloscopy and gqPCR)
Skin biopsy in the area
above elbow
(Bacilloscopy and gPCR)

Eletroneuromyography

annual follow up

Figure 3: Algorithm for annual household contact evaluation, including IR thermography for

seropositive and seronegative leprosy contacts.
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SUPPLEMENTARY DATA

Supplemetary table 1 — Epidemiological characteristics and body temperature among control

group, seropositive leprosy contacts (LC) and seronegative leprosy contacts

Healthy Seropositive LC  p value! Seronegative LC  p value?
(n=23) (n=66) (n=55)
Age 40.6 £11.6 38.5£16.5 0.389 37.9+14.5 0.357
Gender
Male 26.1% 27.3% 0.912 31% 0.670
Female 73.9% 72.7% 69%
Body temperature 35.8+0.24 35.8+0.19 0.352 35.8+0.28 0.367

NOTE: (1) Healthy vs. Seropositive LC. (2) Healthy vs. Seronegative LC. (*) Age and gender:

ANOVA test (p <0.05) (**) Body temperature: binomial test (p <0.05)
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Supplemetary table 2 — Epidemiological, clinical and laboratory characteristics among the

seropositive and seronegative LC.

Seropositive L.C Seronegative LC p value
n=66 n=55
n % n %
Type of contact
Intradomiciliary 43 65.1 34 61.8 0.7043
Extradomiciliary 23 34.9 21 38.2
Index Case CO
Multibacilary 58 87.9 50 90.9 0.5920
Paucibacilary 8 12.1 5 9.1
Index Case FC
TT 2 3.0 - -
BT 42 63.6 33 60.0 0.6816
BB 1 1.5 - -
BL 8 12.1 7 12.7 0.9198
LL 13 19.8 15 273 0.4488
BCG Scars
0 30 45.5 18 32.7 0.1542
1 25 39.3 25 45.4 0.5014
2 11 15.2 12 21.9 0.3438

(AL

p<0.05 levelists. Seropositive LC. vs. Seronegative LC . Binomial test
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Supplemetary table 3:

seropositive and seronegative leprosy contacts groups.

Dorsal and palmar skin temperature of right hand between healthy,

Healthy Seropositive LC p value Seronegative LC  p value
n=23 n=66 n=55
Dorsal
D1, median [11Q] 33.6 [33.0-34.6] 32[31.2-33.0] 0.001'  32.6 [31.8-33.7] 0.060
Palmar
P1, median [11Q] 33.4[32.8-34.2] 32.5[31.0-33.7] 0.016' 32.9[31.6-33.9] 0.238
FP1, median [11Q] 34.5[33.6-35.0]  33.1[32.1-34.3] 0.0001"  33.9 [33.0-34.3] 0.377
FD1, average (SD) 32.9 (x1.9) 30.0 (£2.3) 0.0001"' 31.3 (x1.9) 0.010”
FP2, median [11Q] 34.0 [33.6-35.3]  33.2[32.2-34.2] 0.010' 33.9[32.8-34.7] 0.581
FD2, average (SD) 329 (x1.7) 29.7 (x2.0) 0.001'  31.0 (x1.9) 0.0005?
FP3, median [11Q] 34.1[33.7-35.3]  33.2[32.3-34.2] 0.001>  33.8 [32.8-34.6] 0.232
FD3, average (SD) 33.0 (x1.2) 29.5 (£2.0) 0.0001" 30.9 (£1.9) 0.0002>
FP4, median [11Q] 34.0[33.5-35.1]  33.2[32.1-34.1] 0.004"  33.5[32.5-34.4] 0.338
FP5, median [11Q] 33.5[33.1-34.3] 32.5[31.6-33.7] 0.024' 33.0[31.9-34.2] 0.642

Notes:istel p values in bold font are statistically significant at a p <0.05 levelsts. IQR: Interquartile

(A

.....

range[s:k}]. SD: Standard deviationiste. 1.Temperature difference between Control vs. Seropositive LC.

2.Temperature difference between Control vs. Seronegative LC. Temperature is in Celcius degree

°C)
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Supplemetary table 4: Dorsal and palmar skin temperature of the left hand between healthy,

seropositive and seronegative LC groups.

Healthy Seropositive LC  p value  Seronegative LC  p value
n=23 n=66 n=55

Dorsal

D1, median [11Q] 33.6[33.2-34.3] 32.4[31.5-33.8] 0.012! 32.9[31.5-33.9] 0.131
Palmar

P1, median [11Q] 33.6 [32.5-34.5] 32.3[30.3-33.6] 0.001! 32.9[31.7-34.0] 0.257
FP1, median [11Q] 34.2 [33.6-34.8] 33.1[32.3-34.0] 0.003' 33.6 [32.7-34.6] 0.494
FD1, median [11Q] 32.6 [31.7-34.1] 29.6 [28.3-30.5] 0.001! 30.9 [29.8-32.1] 0.0072
FP2, median [11Q] 34.2 [33.6-35.1] 32.8[31.9-34.1] 0.004' 33.7 [32.7-34.8] 0.405
FD2, average (SD)  33.2 (+1.14) 30.1 (£2.1) 0.001" 31.4 (£2.1) 0.0022
FP3, median [11Q] 34.1[33.8-35.2] 33.0[32.2-34.0] 0.002' 33.7 [33.0-34.7] 0.148
FD3, average (SD)  32.8 (£1.1) 29.9 (£2.1) 0.001" 31.2 (£2.1) 0.007>
FP4, median [11Q] 34.0 [33.4-35.1] 32.9[31.6-33.8] 0.009! 33.5[32.7-34.4] 0.112
FP5, median [11Q] 33.4[33.0-34.9] 31.4[30.4-33.2] 0.001" 32.9[31.4-34.3] 0.236

Notes:istrip values in bold font are statistically significant at a p <0.05 levelists. IQR: Interquartile

(AL}

LLLLL

range[s:k}]. SD: Standard deviationists. 1.Temperature difference between Healthy vs. Seropositive LC.

2.Temperature difference between Healthy vs. Seronegative LC. Temperature is in Celcius degree

°C)
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Supplemetary table 5: Temperature difference (AT) among right and left hand between healthy,

seropositive and seronegative LC groups.

Healthy Seropositive LC p value  Seronegative LC  p value
n=23 n=66 n=55
Dorsal
D1, median [1IQ] 0.4 [0.2-0.6] 0.7 [0.1-1.6] 0.267 0.9 [0.5-1.4] 0.0412
Palmar
P1, average (SD) 0.4 [0.1-0.8] 0.8 [0.4-1.7] 0.140 0.7 [0.2-1.6] 0.704
FP1, average (SD) 0.2 [0.1-0.4] 0.4 [0.2-0.7] 0.335 0.4 [0.2-0.7] 0.423
FD1, average (SD) 0.5[0.1-1.8] 0.8 [0.4-1.9] 0.999 0.9 [0.4-1.4] 0.999
FP2, median [11Q] 0.2 [0.1-0.4] 0.4 [0.2-0.7] 0.040! 0.3 [0.1-0.6] 0.404
FD2, median [11Q] 0.7 [0.3-2.0] 0.6 [0.3-1.4] 0.999 0.510.2-1.3] 0.999
FP3, median [11Q] 0.1 [0.07-0.2] 0.3 [0.2-0.5] 0.012! 0.4 [0.2-0.6] 0.0012
FD3, average (SD) 0.3 [0.0-0.5] 0.4 [0.2-0.9] 0.283 0.510.3-0.9] 0.231
FP4, median [11Q] 0.2 [0.0-0.5] 0.4 [0.2-0.9] 0.036' 0.3 [0.1-0.7] 0.807
FP5, average (SD) 0.3 [0.1-0.8] 1.0 [0.4-2.2] 0.005! 0.5[0.2-1.5] 0.784

Notes:iske p values in bold font are statistically significant at a p <0.05 levelists. IQR: Interquartile

range[s}}]. SD: Standard deviation. 1.AT difference between Healthy vs. Seropositive LC. 2.AT

difference between Healthy vs. Seronegative LC.
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CROSS-SECTIONALSTUDY

Subjects with no
contacts of leprosy

during 2017

Leprosy contacts monitoring

to 2018 at

patients CREDESH (n=1450)
* Inclusion and exclusion :
......... criteria ;............;..
* Sample size [Gpower) -
! v !
Healthy Seropositive Seroponegative
n=23 n=66 n=55
J’ Y ¥
Evaluations for statistic analyses
l L 4 v
IR thermography images * IR thermography images IR thermography images
*  Meoenofilaments sensory *  ENMG Monofilaments sensory
testing *  Monofilaments sensory testing
testing

Supplemetary figure 1: Cross sectional study design
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5 - CONCLUSOES

A hanseniase € uma doenga que apresenta reducao da temperatura superficial
em maos, sendo essa reducdo apresentada de forma assimétrica, indicando

disfungédo autonémica periférica.

A termografia por infravermelho detectou assimetria de temperatura em méaos de
pacientes com hanseniase nas formas clinicas HDT, HDD, HDV e HV. No entanto, os
pacientes com a forma clinica HV foram os mais comprometidos, seguidos por HV,
HDD e HDT.

Contatos assintomaticos soropositivos e soronegativos para ELISA anti-PGL-I

apresentaram padrao assimétrico de temperatura em maos.

Pacientes com forma clinica BT tém maior chance de apresentar disfuncéo

autondmica periférica do que comprometimento sensitivo e motor.

Em contatos soropositivos, a termografia por infravermelho detectou uma maior
proporcdo de acometimento neural quando comparada com o0s exames de

eletroneuromiografia e avaliacdo sensitiva por monofilamentos de Semmes-Weinstein.

Os contatos soronegativos apresentaram maior propor¢do de acometimento
neural detectada pela termografia por infravermelho quando comparada com a

avaliagao sensitiva por monofilamentos de Semmes-Weinstein.

Esse estudo ressalta que a termografia por infravermelho pode detectar
temperatura assimétrica nas maos de pacientes de hanseniase e contatos
assintomaticos soropositivos e soronegativos, indicando disfungdo autonémica
periférica relacionada ao comprometimento neural precoce na hanseniase. Isso
demonstra a importancia da implementagdo da termografia por infravermelho no
atendimento aos pacientes e na vigilancia epidemioldgica dos contatos de pacientes
com hanseniase, evitando a evolugdo dos danos neurais e, consequentemente, a

instalagao de incapacidades fisicas.
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ANEXO B - Avaliagao neurolégica simplificada
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Avaliagdo simplificada das fungdes neurais e complicagées
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Mambros infariores

[ Gueixa principal

Palpaciio de nerves

Fibular

Tibial posterior

Legenda: N = normal

Avaliagio da forga

=]
mj

"Elavar o halux
Extensdo de halux
(nervo fibular)

Dorsiflexéo de pé
(nervo fibular)

Legenda: F=Forte D=Diminuida P=Paralisado ou 5=Forte, 4=Resisténcia Parcial, 3=Movimento completo, 2=Movimento
Parcial, 1=Contragio, 0=Paralisado

Inspegdo e avaliagio sensitiva
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m:mnmr Sente ¥ Nao sente X
Gamamoével: M Gamarigida:R  Resbsorglo: 77  Ferda:
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[ Aval diagnstico 1]
Aval dealta | /
Legenda para preenchimento do grau de incapacidades Monefilamentos
GRAU CARACTERISTICAS COR Gramas
0 Nenhum problema com os olhcs, miios e pés devido & hanseniase. Verde 0,08
Diminuiclio ou perda da sensibilidade Nos oiNos. Azul 0.2
1 Diminuicio ou perda da sensibilidade nas mios e fou pés. (nflo sente 2g ou toque da caneta) Lilés 20
Verm. Fechado 4.0
Othos: lagoftaimo efou ectrpio; triqui opacidade central, aculdade visual menor que Verm, Cruzado 10,0
0,1 ou ndio conta dedos a Bm. Verm. Aberto 300,0
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Pés: lesdes tréficas e/ou troumdticas; garras, cho: pé caldo;
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APENDICES

APENDICE A - Desenho do estudo do ARTIGO 1

‘ CROSS-SECTION STUDY ‘

Subjects with no Leprosy patients in

contacts of leprosy treatment during 2017 to

patients 2018 at CREDESH (n=545)
* Convenlence sample

""""" 4+ Exclusion and re========-
inclusion criteria

! / ! | }

Healthy BT BB BL LL
n=22 n=16 n=10 n=10 n=12

y | | { |

Evaluations for statistic analyses:
* IR thermography images
* ENMG
*  Monofilaments sensory testing

Figure 1: Cross section study design. BT=bordeline tuberculoid,

BB: mid-bordeline, BL: borderline lepromatous, LL: lepromatous.
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APENDICE B - Desenho do Estudo ARTIGO 2

CROSS-SECTION STUDY

Subjects with no
contacts of leprosy
patients

Healthy
n=23

1

Leprosy contacts monitoring
during 2017 to 2018 at
CREDESH (n=1450)

* Inclusion and exclusiong
criteria Pesasaaaaaaas
* Sample size (Gpower)

v

Seropositive
n=66

l

v

Seroponegative
n=55

l

Evaluations for statistic analyses

l

l

l

IR thermography images
Monofilaments sensory
testing

* IR thermography images

* ENMG
*  Monofilaments sensory
testing

Figure 1: Cross section study design.

IR thermography images
Monofilaments sensory
testing
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APENDICE C - Algoritmo para vigilancia epidemiolégica de contatos de hansenise do
ARTIGO 3

Algorithm for annual surveillance of leprosy contacts evaluation

Dermatoncurological examination

Blood collection for serology ELISA anti-PGL-1

Seropositive contacts Seropositive contacts
Positive Negative : Positive Negative
IR Thermography IR Thermography IR Thermography - IR Thermography
5lit skin smear Return for the annual S1it skin smear Return for the
(Bacilloscopy and gPCR) follow up in six months (Bacilloscopy and gPCR) annual follow up
Skin biopsy in the area Skin biopsy in the area
above elbow above elbow
(Bacilloscopy and gPCR) (Bacilloseopy and gPCR)
Eletroneuromyography Eletroneuromyography

Figure 4: Algorithm for annual household contact evaluation, including IR
thermography for seropositive and seronegative leprosy contacts.

APENDICES
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APENDICE D - Termo de Consentimento Livre e Esclarecido (TCLE)

Termo de Consentimento Livre e Esclarecido (TCLE)

Vocé esta sendo convidado (a) para participar da pesquisa intitulada “Avaliagao
soroldgica, molecular, termografica e eletroneuromiografica de pacientes e contatos
de hanseniase”, sob a responsabilidade dos pesquisadores Dra. Isabela Maria
Bernardes Goulart, Enfermeira: Dulcinéia Dias, Fisioterapeuta Elaine Favaro Pipi
Sabino e Dr. Diogo Fernandes Santos. O Termo de Consentimento Livre e
Esclarecido sera entregue ao paciente antes das intervengdes para leitura e
assinatura caso aceite participar. Na sua participacao vocé devera ficar em uma sala
com ar condicionado por 15 minutos para que a temperatura corporal se estabilize e
sera realizado uma entrevista previa antes de serem registradas as imagens, em
seguida respondera perguntas relacionadas ao questionario de atendimento ja
utilizado pelo CREDESH da ficha de avaliacdo de PI, o qual serao testados 13 pontos
de sensibilidade nas duas regides das maos. Nao tera nenhum procedimento invasivo
com cortes ou agulhas. As imagens obtidas serdo apagadas da camera apos o
término da pesquisa. Em nenhum momento seu nome sera citado vocé sera
identificado, serao cadastrados os individuos através de numeros. Os resultados da
pesquisa serao publicados e ainda assim a sua identidade sera preservada. Vocé nao
tera nenhum gasto e ganho financeiro por participar na pesquisa. A estimativa de
risco € minima para o paciente, sendo essa a de identificagdo, por se tratar de
exames nao invasivos. O beneficio € que ndo havera custo para o paciente e eles
terdo oportunidade de realizar uma avaliacdo de sensibilidade com maior numero de
pontos e exame termografico que nao estdo disponiveis na rede publica sem custo
algum. Serdo distribuidos vale transporte para deslocamento até o posto de saude
para comparecerem nos dias de afericdo das imagens e serdao fornecidas também
refeicbes caso necessario, pela casa de apoio do CREDESH. Vocé é livre para deixar
de participar da pesquisa a qualqguer momento sem nenhum prejuizo ou coagao. Uma
via original deste Termo de Consentimento Livre e Esclarecido ficara com vocé.
Qualquer duvida a respeito da pesquisa, vocé podera entrar em contato com: Dra.
Isabela Maria Bernardes Goulart e Elaine Favaro Pipi Sabino - CREDESH. Av.
Aspirante Mega n.77. (34) 3216-7872.

Podera também entrar em contato com o Comité de Etica na Pesquisa com Seres-
Humanos - Universidade Federal de Uberlandia: Rua Capricornio, 94, Jardim Brasilia
- Uberlandia -MG, CEP: 38401-404.

Uberlandia, de de 2018.

Sujeito da pesquisa:

114



