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RESUMO

FERREIRA, A. R. 2018. Expressao de Linfocitos T Multifuncionais induzidos por
antigenos de Mycobacterium leprae em pacientes com hanseniase e controles
contactantes.

A Hanseniase ¢ uma doenca infecciosa crbnica e de evolucdo lenta causada pelo
Mycobacterium leprae. Na populagdo geral, menos de 1% dos individuos infectados pelo
bacilo evolui com a doenca. Diversos autores reportam que o padrao genético e diferencas
nos mecanismos da resposta imune do paciente influenciam na susceptibilidade ou
resisténcia a infeccdo. Os linfocitos T CD4 multifuncionais sdo células capazes de
secretar simultaneamente combinacGes de IFN-y, IL-2 € TNF-a. Estudos recentes vém
reportando o papel dessas células na producéo de resposta imune efetora e memaria contra
alguns patdgenos. A expressao dessas células é utilizada com parametro para avaliar a
eficacia de antigenos candidatos as vacinas. Diante disso, este estudo teve como objetivo
avaliar o papel de antigenos (bruto e recombinante) de M. leprae e M. tuberculosis na
expressdo de células T multifuncionais, como perspectiva para o desenvolvimento de
ferramentas de imunoprofilaxia. Para tanto, avaliamos a resposta imune especifica a
antigenos brutos e recombinante (MLCS, PPD e ML2028). PBMC de pacientes com
hanseniase e de CCS foram estimuladas com os antigenos e o perfil de citocinas e o
fenotipo das células T CD4* e CD8" multifuncionais (produtoras de IFN-y, IL-2 ou TNF-
a) de memoria efetora e central foram analisados. As anélises multiparamétricas por
citometria de fluxo revelaram maior frequéncia de células T multifuncionais antigeno-
especificas em CCS, do que em pacientes com hanseniase. Nossos dados indicam que
controles contactantes, quando estimulados com antigenos recombinantes, produziram
mais células T multifuncionais e isto sugere que estas células proporcionam uma resposta
imunoldégica mais eficaz contra a infeccdo por M. leprae, 0 que previne 0
desenvolvimento da hanseniase. Estes dados abrem perspectivas para o desenvolvimento
futuro de imunoprofilaxia com estes antigenos de M. leprae, buscando induzir a expressao
de células T multifuncionais e respostas Th1l em individuos em risco de adquirir a doenca,
mesmo que haja uma protecdo parcial, pois neste caso haveria uma protecdo contra

formas MB, reduzindo a transmissao da doenca.

Palavras-chaves: Hanseniase; Imunopatogénese; Células T Multifunctionais;
Antigenos Recombinantes.
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ABSTRACT

FERREIRA, A. R. 2018. Multifunction T Lymphocytes expression, stimulated by
Mycobacterium leprae antigens, in leprosy patients and household contacts.

Leprosy is a chronic infectious disease caused by Mycobacterium leprae. It is estimated
that less than 1% of the individuals infected with M. leprae develop the disease. Several
authors suggest that the genetic pattern and variations in the mechanisms of the patient's
immune response influence the susceptibility or resistance to disease. Multifunctional
CD4 T lymphocytes are cells capable of simultaneously secreting combinations of IFN-
v, IL-2 and TNF-a. Recent studies have reported the role of these cells in the production
of effector immune response and memory against several pathogens. Expression of these
cells is used as a parameter to evaluate the efficacy of candidate vaccine antigens. The
objective of this study was to evaluate the role of antigens (crude and recombinant) of M.
leprae and M. tuberculosis in the expression of multifunctional T cells as a perspective
for the development of immunoprophylaxis tools. Then, to evaluate the specific immune
response to crude and recombinant antigens (MLCS, PPD and ML2028), PBMC from
leprosy patients and HHC were stimulated with these antigens, and the cytokine profile
and the CD4+ and CD8+ multifunctional T cells (producing IFN-y, IL-2 or TNF-a) of
effector and central memory were analyzed. Multiparameter analyzes by flow cytometry
revealed a higher frequency of multifunctional T cells specific for M. leprae antigens in
HHC than in leprosy patients. Our data indicate that HHC, when stimulated with crude
and recombinant antigens, expressed more multifunctional T cells and this suggests that
these cells provide a more effective immune response against M. leprae infection, which
prevents the development of leprosy. These data open perspectives for the future
development of immunoprophylaxis with M. leprae antigens, seeking to induce
multifunction T cells expression and a Thl immune response in individuals at risk of
acquiring the disease, even considering this is a partial protection, because there would

be protection against MB forms of leprosy, reducing the disease transmission.

Key words: Leprosy; Immunopathogenesis; Multifunctional T cells; Recombinant

Antigens.
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REVISAO DE LITERATURA

A hanseniase (ou doenca de Hansen) é uma doenca infecciosa cronica e de
evolucdo clinica lenta causada pelo bacilo Mycobacterium leprae (M. leprae) (Fonseca et
al., 2017; Simon et al., 2011). O M. leprae € um patdgeno intracelular que exibe tropismo
tecidual por células da pele e células de Schwann de nervos periféricos e apresenta
geralmente periodo de incubacédo prolongado (variando média de 2 a 7 anos) (Fonseca et
al., 2017; Freitas et al., 2016). Os sinais clinicos da hanseniase podem ser escassos no
inicio da doenca, o que pode levar ao diagnostico tardio ou até mesmo a erros de
diagnostico (Duthie, Gillis e Reed, 2011; Duthie, Saunderson e Reed, 2012). Além disso,
a doenga pode manifestar-se através de um amplo espectro de sinais e sintomas e 0
diagndstico baseia-se primariamente nas caracteristicas dos sinais clinicos (lesbes
dérmicas e neuroldgicas) e no exame histopatologico (Simon et al., 2011). Com base
nisso, 0s pacientes podem ser categorizados segundo a classificacdo operacional, para
fins de tratamento e que baseia-se no numero de lesGes e no exame baciloscépico, como
multibacilares (MB, quando ha mais de 5 lesGes cutaneas ou baciloscopia positiva) ou
paucibacilares (PB, quando ha menos de 5 lesdes cutaneas ou baciloscopia negativa)
(Fonseca et al., 2017; Simon et al., 2011). Além dessa classifica¢do, ha ainda um amplo
espectro de formas clinicas da hanseniase que foi estabelecido por Ridley e Jopling em
1966 (Ridley DS, 1966). Eles estratificaram a hanseniase em cinco formas clinicas
(abrangendo critérios clinicos, histopatologicos, imunoldgicos e bacterioldgicos). Ha as
formas polares da doenca, Hanseniase Tuberculoide (HT) e Hanseniase Virchowiana
(HV), e as formas clinicas intermediarias que incluem Dimorfa Tuberculoide (HDT),

Dimorfa (HD) e Dimorfa Virchowiana (HDV) (Lockwood, Sarno e Smith, 2007; Ridley
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DS, 1966). A forma Indeterminada (HI) foi posteriormente adicionada a esta classificacao

(Lockwood, Sarno e Smith, 2007).

A forma de HI é considerada a fase inicial da doenca. O paciente apresenta
manchas hipocrémicas ou eritematosas-hipocrdémicas ou areas circunscritas na pele com
algum disturbio de sensibilidade. Pode ocorrer também perda de pelos e auséncia de
horripilacdo. As lesbes podem ser tnicas ou multiplas, com locais e tamanhos variados.
Nesta forma clinica ndo ha envolvimento de troncos nervosos e, portanto, 0s pacientes
ndo apresentam grau de incapacidade fisica e ndo sdo contagiantes (Lockwood, Sarno e

Smith, 2007; Simon et al., 2011).

A forma HT é caracterizada por méaculas hipocrémicas ou eritematosas. As lesbes
sdo difusamente infiltradas e com bordas bem delimitadas. Os pacientes podem apresentar
de 1 a 5 lesbes e geralmente com distribuicao assimétrica. Podem ocorrer danos neurais,
com alteracdes sensoriais (hipoestesia e anestesia) e alteracdes autbnomas (hipoidrose e
alopecia). O envolvimento dos troncos nervosos geralmente ocorre proximo as lesdes

cutaneas (Lockwood, Sarno e Smith, 2007; Ridley DS, 1966; Simon et al., 2011).

Na forma HV néo ocorre a formacdo de granuloma e isto leva a uma replicacéo
incontrolavel do bacilo com infiltracdo continua na pele e nos nervos periféricos. As
lesBes apresentam limites imprecisos e aspecto ferruginoso. Quando ha intesa infiltracéo
bacilar no rosto, com acentuacgdo dos sulcos faciais e conservacdo do cabelo, configura
um quadro clinico denominado de "faces leonina”, sinal peculiar na HV. Nesta forma
clinica, além do mais, os doentes tém cargas elevadas de bacilo em todo o corpo e é,

portanto, a forma mais contagiosa da doenga. Contudo, a transmisséo é interrompida com
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0 estabelecimento da poliquimioterapia (PQT) (Lockwood, Sarno e Smith, 2007; Ridley

DS, 1966; Simon et al., 2011).

Entre esses dois polos da doenca (HT e HV), existem as formas intermediarias,
classificadas como Hanseniase Dimorfa (HD). Pacientes HD tém manchas circulares e
hipocromicas. As lesbes costumam ser bem delimitadas e difundidas na periferia. No
entanto, algumas lesdes ndo tém limites precisos na periferia (lesdes “irregulares”, "favo
de mel” ou "queijo suico™). A carga bacilar é elevada sendo, portanto, uma forma
contagiosa. Os nervos periféricos sdo frequentemente afetados e este envolvimento é
intenso e extenso. A neuropatia periférica pode ser perpetuada por varios anos apos a cura
clinica da infeccdo. A forma HD também pode apresentar lesdes semelhantes as
observadas na forma HT e, portanto, é considerada como Dimorfa Tuberculoide (HDT).
Quando apresenta lesdes semelhantes as da forma HV, é classificada como Dimorfa

Virchowiana (HV) (Lockwood, Sarno e Smith, 2007; Ridley DS, 1966; Simon et al.,

2011).

A infeccdo e lesdo de nervos periféricos € um sinal clinico relevante na hanseniase,
embora 0s mecanismos subjacentes a lesdo do nervo nao sejam ainda bem esclarecidos
(Duthie, Gillis e Reed, 2011; Oliveira, de et al., 2012; Vital et al., 2013). Nesse cenario,
a hanseniase pode evoluir para complica¢es clinicas limitantes denominadas de reacdes
hansénicas (RH) e grau de incapacidade fisica (Vital et al., 2013). As RH sdo um
fendmeno de inflamagdo aguda que pode ocorrer antes, durante ou apds o tratamento.
Estima-se que 30-50% dos pacientes apresentardo episddios reacionais em algum
momento durante o curso da doenga (Fonseca et al., 2017; Simon et al., 2011). As RH

podem ser classificadas como reagao reversa, ou reacdo do tipo 1 (RR), e eritema nodoso
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hansénico (ENH), ou reacéo de tipo Il (Khadge et al., 2015). Pacientes com RH podem
apresentar inflamacdo neural intensa, dolorosa, resultando em perda subita e até
permanente de funcdes sensoriais, autbnomas e até motoras. Na auséncia de intervencao
precoce, 0 paciente pode evoluir com sequelas graves que sdo responsaveis pelo forte
estigma social e comprometimento significativo da qualidade de vida (Lockwood, Sarno

e Smith, 2007).

Estudos epidemioldgicos vem demonstrado que a hanseniase apresenta maior
incidéncia em populacdes com baixa escolaridade, precariedade nos servigos de saude e
na infra-estrutura domiciliar (Freitas et al., 2016; Santos, dos et al., 2016; Santos et al.,
2016). De acordo com dados da Organizacdo Mundial de Saude (OMS), o nimero de
novos casos de hanseniase relatados em todo o mundo em 2014 foi de 213.899,
distribuidos em 121 paises, especialmente em areas da Africa, Asia e Américas. Além
disso, do total de casos notificados em 2014 pela OMS, 125.785 (59%) ocorreram na
india, 31.064 (15%) no Brasil e 17.025 (8%) na Indonésia (Vieira et al., 2014). Esses
dados indicam, portanto, que apesar do sucesso alcancado com a implementacao da PQT,
a incidéncia da hanseniase nao apresentou declinio satisfatorio (Oliveira, de et al., 2012).
Além disso, estima-se que entre 1 a 2 milhdes de pessoas no mundo vivem atualmente
com alguma deformidade fisica ou deficiéncia decorrentes de complicacGes clinicas da
hanseniase e continua a ser uma das principais causas de neuropatia e incapacidade entre

as doengas transmissiveis (Freitas et al., 2016).

O Brasil é o pais responsavel pela endemia da Hanseniase no continente
americano, abrangendo 93,8% dos casos relatados (Brito et al., 2016). A taxa de detecgédo

de casos novos em 2014 foi de 15,44 casos por 100.000 habitantes, a taxa de grau de
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incapacidade fisica 2 foi de 0,99 por 100.000 habitantes e a taxa de deteccdo em menores
de 15 anos foi de 5,03 casos por 100.000 habitantes (Freitas et al., 2016). A maior
prevaléncia tem sido relatada nas regides Norte, Nordeste e Centro-Oeste (Brito et al.,
2016). Além disso, as regides com maior desigualdade social apresentam os maiores
coeficientes de deteccdo e prevaléncia de hanseniase, o que reforca os argumentos de que
indicadores socioecondmicos e ambientais também sdo importantes preditores da

infeccdo por hanseniase (Santos, Dos et al., 2013).

O tratamento precoce e ininterrupto da doenca pode reduzir o risco de
transmissdo do bacilo e, consequentemente, minimizar o nimero de novos casos e
facilitar a eliminacdo da hanseniase (Oliveira, de et al., 2012). Apesar do imenso esfor¢o
e avangos nas pesquisas e no tratamento nas Ultimas duas décadas para eliminar a
hanseniase, a taxa de incidéncia da doenca tem se mantido constante. Houve uma
expressiva reducdo na prevaléncia como resultado do uso generalizado da
poliquimioterapia (PQT), porém as novas taxas de deteccdo de casos se estabilizaram na
ultima década e a hanseniase permanece endémica em varias regides localizadas em
paises como Filipinas, Indonésia, China, india e Brasil (Duthie et al., 2010; Duthie,
Favila, et al., 2016; Duthie e Balagon, 2016; Duthie, Gillis e Reed, 2011; Paula Vaz
Cardoso et al., 2013). Diante desse cendrio ainda preocupante, sdo requeridos o
desenvolvimento de novas ferramentas de diagndstico, estratégias de tratamento e uma

vacina especifica, o que tém sido objetivo de alguns grupos de cientistas.

Estima-se que uma pequena porcentagem (menos de 1%) dos individuos que
entram em contato com M. leprae desenvolve a doenca. Diversos autores sugerem que 0

padrdo genético e variages nos mecanismos da resposta imunoldgica do paciente
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influenciam na susceptibilidade ou resisténcia a doenca (Duthie, Gillis e Reed, 2011,
Fonseca et al., 2017; Simon et al., 2011). As respostas das células T helper tipo 1 (Th1 -
mediadas sobretudo por IFN-y) estdo relacionadas com o controle da replicacdo e
disseminacdo do M. leprae e esta presente na forma tubercul6ide da hanseniase. Nessa
forma clinica, ocorre a formacdo de granulomas nas les6es epidérmicas (Dupnik et al.,
2015; Duthie, Orcullo, et al., 2016; Duthie, Saunderson e Reed, 2012; Saini et al., 2016;
Simon et al., 2011). Alternativamente, as respostas das células T helper tipo 2 (Th2) e T
reguladoras (T reg — mediada sobretudo pela citocina anti-inflamatoria 1L-10 e TGF-p),
estdo associadas as apresentacfes clinicas multibacilares da hanseniase. Essas formas
clinicas sdo caracterizadas por macrdéfagos nas lesdes epidérmicas que sdo amplamente
infectados e incapazes de controlar a replicacdo do M. leprae (Dupnik et al., 2015;
Fonseca et al., 2017; Palermo et al., 2012; Saini et al., 2016; Simon et al., 2011). As
células Treg sdo um dos tipos de células da resposta imune mais potentes que suprimem
a funcdo das células T efetoras. Essas células eventualmente apresentam regulacdo da
resposta imunolégica provocada pelo hospedeiro durante infec¢bes intracelulares

(Palermo et al., 2012; Sadhu et al., 2016; Saini et al., 2016).

Diversos estudos demonstraram papel protetor tanto da IL-1 como da IL-17
(citocinas da resposta Th17) contra patdgenos intracelulares (Akdis et al., 2011; Burgler
et al., 2009), contudo, relativamente poucos estudos tém investigado a acdo dessas
citocinas na patogénese da hanseniase (Khadge et al., 2015; Sadhu et al., 2016; Saini et
al., 2016; Saini, Ramesh e Nath, 2013; Sampaio et al., 2012). Saini e colaboradores
(Saini, Ramesh e Nath, 2013) demonstraram a liberagdo mais elevada de isoformas de IL-
17 em sobrenadante ap6s a estimulacdo de PBMC de pacientes HT e controles

contactantes. Em outro estudo, 0 mesmo grupo sugeriu que o aumento de citocinas
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associadas a células Th17 pode contribuir para a inflamacéao envolvida no eritema nodoso
hansénico (ENH) (Saini et al., 2016). Apesar de pesquisas mostrarem como as respostas
Thl, Th2 e Treg podem influenciar na imunopatogénese da hanseniase, 0 impacto de
mecanismos imunoldgicos sobre a persisténcia do M. leprae e a gravidade da doenca
ainda carecem de esclarecimentos. Em particular, o papel das células Th17, assim como
0 papel da resposta imune inata e da geracao de células T de memaria multifuncionais,
relacionadas com a evolucdo clinica da doenca e a ocorréncia de episédios reacionais e

lesBGes neuroldgicas, sdo objetos de estudo em diveros grupos de pesquisa com hanseniase.

A impossibilidade de cultivo do bacilo in vitro limitou por décadas o avanco de
pesquisas com a Hanseniase, pela impossibilidade de realizar melhor avaliacdo dos
mecanismos microbicidas de fagocitos e da resposta imune inata e adaptativa especifica
para antigenos. Contudo, o sequenciamento completo do genoma do M. leprae em 2001
permitiu o desenvolvimento de antigenos recombinantes deste bacilo (15). Desde entéo,
progressos consideraveis vém sendo realizados e um grande nimero de antigenos da M.
lepra foram testados in vitro. Além desses estudos, o0s antigenos foram avaliados também

em pacientes com hanseniase e em controles contactantes.

Diversos grupos de pesquisa vém avaliando o papel dos antigenos recombinates
in vitro e em pacientes com Hanseniase e controles contactantes. Duthie e colaboradores
avaliaram a capacidade dos antigenos de M. leprae (ML0405 e ML2331) reconhecerem
IgG em soro de paciente de Hanseniase (Duthie et al., 2007). Além disso, uma quimera,
resultante da fusdo dessas duas proteinas de M. leprae, designada Leprosy IDRI
Diagnostic 1 [LID-1] apresentou promissora capacidade de diagnostico da hanseniase.

Testando o LID-1 no soro de individuos que desenvolveram hanseniase, essa quimera foi
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capaz de diagnosticar a hanseniase com 6 a 8 meses antes da manifestacdo dos sintomas
clinicos (Sampaio et al., 2011). Num estudo subsequente, Duthie e colaboradores (Duthie
et al., 2010) ralizaram a fusdo quimérica de poliepitopos (ML0405, ML2311, ML2055,
MLO0049, ML0050 MLO0091 e ML0411). Esta quimera foi denominada de Protein
Advanced Diagnostic Leprosy (PADL). PADL apresentou acdo complementar ao LID-1
e permitiu 0 melhor diagndstico da hanseniase, sobremaneira em MB em comparagéo
com os controles. Em outro estudo, Spencer e colaboradores avaliaram o0s antigenos
recombinantes de M. leprae (ML1877, ML0841, ML2028, ML2038, ML0380 e ML0050)
e demonstraram que as respostas dos pacientes com hanseniase (MB e PB) a ML2028 e
ML2038 eram geralmente fortes (Spencer et al., 2011). O ML2028 é um antigeno
recombinante de M. leprae, membro do complexo Ag85B e cuja homologia com o
Mycobacterium tuberculosis Rv1886¢ é de 83,3% (Spencer et al., 2011). Diante disso,
alguns desses antigenos demonstram ser promissores como potenciais candidatos a uma
vacina especifica e para o desenvolvimento de testes rapidos para o diagndstico precoce
da doenca.

Com o desenvolvimento das técnicas de citometria de fluxo e das anélises
multiparamétricas, foi possivel avaliar as func@es efetoras e de memdria de células T em
nivel celular (Seder, Darrah e Roederer, 2008; Talker et al., 2015). As células T
multifuncionais, também referidas como células T polifuncionais, sdo células T CD4* ou
CD8" que se desenvolvem em células T IFNy*TNF*IL-2* e apresentam duas ou mais
funcbes (Darrah et al., 2007; Guha et al., 2013; Seder, Darrah e Roederer, 2008;
Wimmers et al., 2016). As células T CD4" normalmente podem permanecer como células
T de memdria ou diferenciarem-se em efetoras, ou podem morrer por apoptose logo apds
sua ativacgdo (Seder, Darrah e Roederer, 2008; Wimmers et al., 2016). Além disso, células

T CD4" e CD8" multifuncionais induzidas por antigenos tém um papel essencial na

21



protecdo contra uma variedade de doencas infecciosas causadas por patdgenos
intracelulares como ja reportado na leishmaniose (Darrah et al., 2007; Guha et al., 2013,
Macedo et al., 2012) e na tuberculose (Leung-Theung-Long et al., 2015; Lichtner et al.,
2015). A capacidade destas células de permanecerem como células T de memoria ou
efetoras tem implicacGes importantes para o desenvolvimento de vacinas para evitar
reinfeccbes. Embora varios estudos tenham investigado o papel dos antigenos
recombinantes e sua inducdo na expressao de células T multifuncionais em algumas
doencas infecciosas, ndo ha dados na literatura sobre a expressdo dessas células em

pacientes com hanseniase.
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articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Informed consent and patient details

Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients
and any other individuals in an Elsevier publication. Written consents must be retained by the author
and copies of the consents or evidence that such consents have been obtained must be provided to
Elsevier on request. For more information, please review the Elsevier Policy on the Use of Images or
Personal Information of Patients or other Individuals. Unless you have written permission from the
patient (or, where applicable, the next of kin), the personal details of any patient included in any
part of the article and in any supplementary materials (including all illustrations and videos) must
be removed before submission.

Submission

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article

Please submit your article via
http://www.evise.com/evise/faces/pages/navigation/NavController.jspx?JRNL_ACR=1IJMM,
PREPARATION

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Article structure

Subdivision - unnumbered sections

Divide your article into clearly defined sections. Each subsection is given a brief heading. Each heading
should appear on its own separate line. Subsections should be used as much as possible when cross-
referencing text: refer to the subsection by heading as opposed to simply 'the text'.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.
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Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that the e-mail address is given and that contact
details are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical requirements: Illustration Service.

Highlights

Highlights are a short collection of bullet points that convey the core findings of the article. Highlights
are optional and should be submitted in a separate editable file in the online submission system.
Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters,
including spaces, per bullet point). You can view example Highlights on our information site.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.
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Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyyl;
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

New nucleotide or amino acid sequences to be published must be deposited at a standard data base
(e.g. GenBank or others) and the accession number must be mentioned in the text.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Artwork

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity, manipulation for
purposes of deception or fraud will be seen as scientific ethical abuse and will be dealt with accordingly.
For graphical images, this journal is applying the following policy: no specific feature within an image
may be enhanced, obscured, moved, removed, or introduced. Adjustments of brightness, contrast,
or color balance are acceptable if and as long as they do not obscure or eliminate any information
present in the original. Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed
in the figure legend.

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

* Number the illustrations according to their sequence in the text.
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* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

« Size the illustrations close to the desired dimensions of the published version.

e Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

* Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.

For supported file types in Evise, please visit our Support site for Evise.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Illustration services

Elsevier's WebShop offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.
Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.
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Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full citation
details are not yet known, but the article is available online. A DOI is guaranteed never to change,
so you can use it as a permanent link to any electronic article. An example of a citation using DOI
for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M.
(2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal
of Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note the format of such
citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/international-journal-of-medical-microbiology

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al.
(2010) have recently shown ....'

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:
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Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13.03.03).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
Xxwj98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum size
of 150 MB. Video and animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including ScienceDirect. Please supply 'stills' with your files: you can
choose any frame from the video or animation or make a separate image. These will be used instead
of standard icons and will personalize the link to your video data. For more detailed instructions please
visit our video instruction pages. Note: since video and animation cannot be embedded in the print
version of the journal, please provide text for both the electronic and the print version for the portions
of the article that refer to this content.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

RESEARCH DATA

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that give them a better understanding
of the research described.

AUTHOR INFORMATION PACK 2 May 2017 www.elsevier.com/locate/ijmm 12

41



There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Transparency

To foster transparency, we encourage you to state the availability of your data in your submission.
If your data is unavailable to access or unsuitable to post, this gives you the opportunity to indicate
why. If you submit this form with your manuscript as a supplementary file, the statement will appear
next to your published article on ScienceDirect.

ARTICLE ENRICHMENTS

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words
and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

Google Maps and KML files

KML (Keyhole Markup Language) files (optional): You can enrich your online articles by providing
KML or KMZ files which will be visualized using Google maps. The KML or KMZ files can be uploaded
in our online submission system. KML is an XML schema for expressing geographic annotation and
visualization within Internet-based Earth browsers. Elsevier will generate Google Maps from the
submitted KML files and include these in the article when published online. Submitted KML files will
also be available for downloading from your online article on ScienceDirect. More information.

Chemical Compound Viewer (Reaxys)

You can enrich your article with visual representations, links and details for those chemical structures
that you define as the main chemical compounds described. Please follow the instructions to learn
how to do this.

Interactive Phylogenetic Trees

You can enrich your online articles by providing phylogenetic tree data files (optional) in Newick or
NeXML format, which will be visualized using the interactive tree viewer embedded within the online
article. Using the viewer it will be possible to zoom into certain tree areas, change the tree layout,
search within the tree, and collapse/expand tree nodes and branches. Submitted tree files will also
be available for downloading from your online article on ScienceDirect. Each tree must be contained
in an individual data file before being uploaded separately to the online submission system, via the
'phylogenetic tree data' submission category. Newick files must have the extension .new or .nwk (note
that a semicolon is needed to end the tree). Please do not enclose comments in Newick files and also
delete any artificial line breaks within the tree data because these will stop the tree from showing.
For NeXML, the file extension should be .xml. Please do not enclose comments in the file. Tree data
submitted with other file extensions will not be processed. Please make sure that you validate your
Newick/NeXML files prior to submission. More information.
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3D molecular models

You can enrich your online articles by providing 3D molecular models (optional) in PDB, PSE or
MOL/MOL2 format, which will be visualized using the interactive viewer embedded within the article.
Using the viewer, it will be possible to zoom into the model, rotate and pan the model, and change
display settings. Submitted models will also be available for downloading from your online article
on ScienceDirect. Each molecular model will have to be uploaded to the online submission system
separately, via the '3D molecular models' submission category. More information.

AFTER ACCEPTANCE

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used
for sharing the article via any communication channel, including email and social media. For an
extra charge, paper offprints can be ordered via the offprint order form which is sent once the
article is accepted for publication. Both corresponding and co-authors may order offprints at any
time via Elsevier's Webshop. Corresponding authors who have published their article open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.

© Copyright 2014 Elsevier | http://www.elsevier.com
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Abstract

Leprosy is a slowly evolving chronic manifestation of M. leprae infection. Given that
multifunctional CD4 T cells capable of simultaneously secreting combinations of
interferon-y (IFN-y), interleukin (IL)-2 or tumor necrosis factor (TNF) have now been
indicated as beneficial for the successful immune outcome of several infections, we
hypothesized that they may similarly contribute to the evolution of M. leprae infection.
To test this hypothesis, we evaluated antigen-specific T cell responses of a total of 87
subjects. Peripheral blood mononuclear cells of control individuals (31 HHC) and leprosy
patients (39 PB and 17 MB) were incubated with crude antigen extracts or the
recombinant ML2028 antigen. Assessment of the cytokines secreted into the culture
supernatants by multiplex assay revealed antigen-specific production of IFN-y and IL-2
from cells of HHC and PB, confirming the Th1 bias of their responses. We then used
multiparameter flow cytometry to determine the source of these cytokines. These analyses
revealed a population of multifunctional antigen-specific T cells in HHC that was larger
than that observed in PB patients. Our data indicate that HHC generate multifunctional
antigen-specific T cells and suggest that these provide a more effective immune response

against M. leprae infection that prevents the development of leprosy.

Key words: Leprosy; Recombinant antigens; Multifunctional T cells; CD4 T cells; CD8

T cells; Immunopathogenesis.
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Introduction

Leprosy, or Hansen’s disease, is a chronic infectious disease caused by Mycobacterium
leprae [1,20]. The widespread use of multidrug therapy (MDT) over the last three decades
has caused a large reduction in the prevalence of leprosy [2,40]. Despite these immense
efforts, however, new case detection rates have stabilized over the last few years. Leprosy
remains as a public health concern in a number of localized regions, including India and

Brazil [4,5,9].

There is now strong associative evidence that the genetic background and the
immunological response influence both susceptibility to, and outcome of, leprosy [1,2].
T helper 1 (Thl) and T helper 17 (Th17) cells are observed in paucibacillary (PB) patients
and are associated with control of M. leprae replication [2,20,21,41-43]. In contrast, T
helper 2 (Th2) and T regulatory (Treg) cells are associated with the multibacillary (MB)
presentations that present with heavily infected macrophages in their epidermal lesions
[2,20,21,23,42]. Several attempts have been made to develop a vaccine specifically for
leprosy but, at present, BCG (Bacillus Calmette-Guerin) is the only vaccine available
[44]. Regardless, systematic meta-analyses indicate that BCG vaccination has a protective

efficacy of approximately 50% [5].

Although Th1l cells are associated with protective responses against M. leprae infection,
assessment of the T cell response by measuring only IFN-y production may not fully
reflect the protective potential of the response [32]. Multiple studies have failed to

discriminate healthy, but possibly infected individuals (household contacts - HHC) from
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PB patients on the basis of antigen-specific IFN- y production [1,5]. The development of
multiparameter flow cytometry has allowed the analysis of T-cell effector functions at the
single cell level [32,33], revealing that CD4" T cells that secrete only IFN- y have a
limited capacity to develop into memory cells [32,35]. Recently, several studies have
evaluated the frequency of multifunctional Thl cells, characterized by their simultaneous
secretion of multiple cytokines (IFN-y, IL-2 and TNF-a) in various conditions [32-35].
These studies have demonstrated that the proportion of multifunctional Thl cells
positively correlates with protection against cancers and infectious diseases, including

leishmaniosis [34,37] and Mycobacterium tuberculosis infection [38,39].

The sequencing of M. leprae genome, in 2001, have allowed the designing of recombinant
antigens [45]. Considerable progress has been made and several antigens have been tried
as potential use in clinical and immunological fields. Over the last decade, the Infectious
Diseases Research Institute (IDRI) has working on an ambitious research program to
develop new tools to aid in leprosy control efforts. The ultimate goal of this program is
to provide a vaccine to prevent leprosy, but they also recognize diagnostic screening to
permit targeted interventions to assist in the control of the disease [4,5,22,46-48]. The
identification of new antigens that are the target of the cellular immune response may be
promising for diagnosis and immunoprophylaxis in leprosy [4,19,22,48,49]. Furthermore,
how these antigens are recognized is likely the key to protective response. Thus, this
research aimed to evaluate the immune response to the recombinant antigen ML2028 and

the presence of multifunctional T cells induced in vitro by this antigen.
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Material and methods

Ethical considerations

This project adheres to the protocols of the Brazilian Consul for ethics in research
(CONEP). The Ethics and Research Committee of the Federal University of Sergipe
approved the study (CAAE 0152.0.107.000-07). All subjects signed a free and clarified
term of knowledge (IC) and then responded to an investigative questionnaire to collect

demographic and clinical data.

Study subjects and procedures

The study volunteers were attended in the dermatology ambulatory of the project
(DES)MANCHA-Federal University of Sergipe at the University Hospital (Aracaju city,
Brazil). Each subject was thoroughly examined for the presence of leprosy, leprosy
reactions and neurological disabilities. Each patient was classified as having one of the
clinical forms as characterized by Ridley-Jopling prior to treatment by conventional
multidrug therapy (MDT) for leprosy, in accordance with the Brazilian Ministry of Health
and International Leprosy Association (ILA) standards. Exclusion criteria were subjects
presenting some diseases that affect immune response, as HIV, HTLV-I, diabetes and
neurological diseases. A total of 87 subjects were included: 39 PB, 17 MB patients and
31 HHC. As previously mentioned, based on histopathological analysis, patients were
further classified as: Indeterminate (IL), Tuberculoid (TT), Borderline (BL) or
Lepromatous (LL) Leprosy. HHC were subjects living in close and prolonged contact

with the patients and were commonly the patient’s spouse.
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Antigen stimulation assays

All immunological evaluations were performed before treatment was initiated. Whole
blood was collected into tubes with heparin (10 IU/ml). Briefly, the blood was then seeded
in 24 well-plates and incubated with crude antigen from M. tuberculosis (PPD — Purified
Protein Derivative) at 1 pg/ml; crude antigen from M. leprae (MLCS) at 10 pg/ml; the
recombinant antigen from M. leprae (ML2028) at 10 pug/ml; phytohemagglutinin (PHA)
at 10 pg/ml or media alone (RPMI 1640: Gibco, Grand Island, New York, USA).
Incubations were conducted for 24 hours at 5% CO?, 37°C before collection of plasma.
Concentrations of the cytokines IL-2, IFN-y, IL-10 and IL-17A were determined by
Luminex analyses, according to the manufacturer's instructions (Milliplex kit - Human

Th17 Magnetic Bead Panel, Panomics, Affymetrix, Fremont, CA).

Multiparameter flow cytometry

To identify and quantify any multifunctional T cells, peripheral blood mononuclear cells
(PBMC) were isolated using Ficoll-Hypaque (Ficoll-Paque PLUS™, GE-Healthcare,
Menio-Park, NJ). PBMC from subsets of TT (n =5), LL (n =6), HHC (n =6) and control
(n =6) were seeded at 1x10° cells/ml in 48 well-plates (Greiner-CELLSTAR®), incubated
with PPD (1 pg/ml), MLCS (10 pg/ml) or ML2028 (10 pg/ml) diluted with RPMI 1640
(Gibco, Grand-Island, New York, USA) for 6 hours at 5% CO? 37°C before the
subsequent addition of GolgiPlug (BD-Biosciences, Franklin Lakes, NJ) for an additional
12 hours. At the end of culture period, cells were washed and incubated with antibodies
for cell surface markers CD3 (V500), CD4 (FITC) and CD8 (PE-Cy5) and intracellular
cytokines IL-2 (BV421), TNF-a (PE) and IFN-y (PE-Cy7) (BD Biosciences, San Diego,
CA). Cells were resuspended in staining buffer and events were acquired using the BD

FACS Canto Il. Analysis of the acquired datasets was performed using FlowJo (FlowJo-
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LLCv10) software. To evaluate multiple parameters, we performed Boolean gating
analysis (Figure 1) [15]. Comparison of frequency, median fluorescence intensity (MFI)
and integrated MFI (iMFI) was made on a per group basis. iMFI is the value resulting
from the multiplication of the frequency of a cytokine-producing subset of cells with the
MFI for that cytokine [15]. All frequencies, MFI and iMFI values are reported after
background subtraction of the frequency or iMFI of the identically gated population of

cells from an unstimulated comparator of the same sample.

Statistical analysis

Cytokine concentrations were compared across the different subgroups (PB, MB and
HHC) and according to clinical forms of leprosy. Mean, median and standard deviation
of the groups were calculated. D’ Agostino and Pearson tests were applied to analyze data
that exhibited normal distribution. Statistical differences between the groups were
determined by Mann-Whitney U tests. Comparisons of means for a given parameter were
made by non-parametric (two-tailed, considering unequal variance of groups) t-tests.
Correlation between cytokine levels was performed by Spearman correlation test. All
analyses were performed by GraphPad Prism software, version 7. Results were

considered statistically different at a p-value < 0.05.

Results
Demographic and clinical characteristics of study groups

No significant differences were observed between the age of patients presenting as PB or
MB when compared to HHC, although the proportion of men presenting with MB

(58.8%) was higher than that presenting with PB (28.2%; p-value =0.02; Table 1). As
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expected, MB patients had a greater number of lesions (mean + standard deviation (SD)
10.24 + 4.69) than the PB patients (2.13 +2.66; p-value < 0.0001). The occurrence of
reaction episodes was also significantly higher in MB that PB patients (64.7% vs. 30.77%,

p-value = 0.01).

Antigen-specific secretion of Thl cytokines by PB and HHC

To begin to assess the response of patients, we first analyzed the cytokine levels secreted
following incubation of whole blood with crude (PPD and MLCS) or recombinant
(ML2028) antigens. We detected both IFN-y and IL-2 in the plasma from PB patients
stimulated with PPD and MLCS (Figure 2A-L). Similarly, and indicating M. leprae
exposure or potential lower level infection, blood from HHC also secreted elevated levels
of IFN-y and IL-2. These results were in contrast with those obtained with blood from
MB patients, where low or undetectable levels of these cytokines were observed.
Differences were not observed between the groups in either IL-10 or IL-17A, both of
which were detected at only very low levels. Taken together, these data indicate a Thl-

biased anti-mycobacterial response in both PB and HHC.

We also incubated blood with a recombinant version of the ML2028 protein. Relating to
antigen-specific Th1 responses, we observed higher concentrations of IFN-y in PB (31.5
+ 85.1 pg/ml) and HHC (87.6 £ 298.9 pg/ml) than in MB (2.9 + 4.05 pg/ml; Figure 2A-
L). Higher concentrations of IL-2 were also observed in samples stimulated with ML2028
in PB (7.59 £ 50.7pg/ml) and HHC (12.8 £ 16.1pg/ml) than in MB (4.6 + 40.3pg/ml).
Interestingly, strong correlations were observed between these cytokines in the responses
against each antigen (Supplementary Figure 1). As with the crude antigens, differences

were not observed in IL-10 or IL-17A levels following incubation with ML2028. These
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data indicate that responses to ML2028 are similar to those against the whole M. leprae

bacteria and can therefore be used as a proxy of the anti-M. leprae response.

Recent data indicates that the quality of the Th1l response impacts its ability to protect
against intracellular pathogens [32]. The presence of multifunctional cells simultaneously
producing Th1l cytokines appears preferable to cells secreting only one of these cytokines.
Positive correlations were observed between IL-2 and IFN-y concentrations in
supernatant stimulated with PPD (Spearman r = 0.89, p-value < 0.0001), MLCS
(Spearman r = 0.79, p-value < 0.0001) and ML2028 (Spearman r = 0.61, p-value <
0.0001) (Figure 3A-C). The correlation in IFN-y and IL-2 levels suggests that they may

be being produced simultaneously by multifunctional T cells.

Multifunctional CD4* T cells are more abundant in HHC than leprosy patients

To determine the phenotype of the antigen-specific cytokine-producing cells, we first
assessed the iMFI (frequency and cytokine-producing capacity) of IFN-y*, IL-2* and
TNF" CD4" T cells. Differences were not observed in percentage of CD3"CD4"
lymphocytes between the groups assessed (data not shown). Following flow cytometry,
in support of our ELISA data, our analyses revealed high expression of CD4*IL-2" iMFI
in samples from HHC (279.6 + 684.9) and TT patients (329.8 + 659.6; Figure 4A) after
incubation with ML2028. We observed also high expression of CD4"TNF-a" iMFI in
HHC (8.7 £ 17.9; Figure 4B). We observed elevated expression of CD4+IFN-y+ iMFI in
HHC (11.68 + 28.6; Figure 4C) than in LL patients (0.0 £ 0.0) samples stimulated with

PPD.

As the iMFI is a product of both frequency and quantity, high iMFI values could arise

due to a greater frequency of cells that are each producing only small quantities of
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cytokine. We therefore used a multi-gating strategy to determine the proportion of
antigen-specific cells that were producing the Thl cytokines, gating for cells that were
producing combinations of the cytokines (either all three together, combinations of two
or individually). MLCS stimulus presented also higher expression of CD4"IFN-y’IL-
2"TNF-0" and CD4*IFN-y*IL-2TNF-a" in HHC than in TT and LL (Figure 4D). We
observed high expression of triple positive and CD4*IFN-y*IL-2 TNF-a" in control and
HHC (Figure 4E) after PPD stimulus. Similarly, the incubation with ML2028 presented
higher expression of CD4*IFN-y*IL-2*TNF-o" in control (0.022 + 0.01) and HHC (0.017
+0.01) thanin TT (0.003 £ 0.002) and LL (0.001 + 0.002) patients (Figure 4F). ML2028
was also recognized by elevated proportions of CD4*IFN-y*IL-2*TNF-a” (0.026 + 0.06),
CD4*IFN-y IL-2*TNF-a* (0.094 + 0.22) and CD4*IFN-y*IL-2" TNF-o* (0.044 + 0.1) in
HHC. ML2028 stimulus presented, however, higher expression of CD4"IFN-y"IL-2
TNF-o” in LL (0.077 £ 0.05) and TT (0.016 £ 0.01), than in control (0.009 + 0.01) and

HHC (0.003 + 0.00).

We grouped the results of all cells triple*, double™ and single* (Figure 4G) and observed
that ML2028 stimulus presented more percentage of triple® (11.29%) and double®
(19.96%) in control and triple* (1.22%) and double®™ (11.7%) in HHC group. PPD
stimulus expressed also more percentage of triple* (12.27%) in HHC and double™* (22.9%)
in control group. ML2028, PPD and MLCS stimulus presented similar percentage of
triple”, double™ and single* cells in TT and LL patients. Taken together, these data suggest
that ML2028 recombinant antigen presented multifunctional CD4*T cell (IFN- vy, 1L-2
and TNF-a triple and double positive) expression, similar to PPD, that have currently
been used to vaccinate against leprosy in HHC. It should be mentioned that these

evaluations of the contacts subjects were collected before BCG revaccination.
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HHC presented elevated expression of multifunctional CD8™T cell

We assessed also the percentage of total CD3*/CD8" lymphocytes. However, no
differences were observed in percentage of these cells stimulated with these antigens
(data not showed). MLCS stimulus presented elevated CD8"IL-2* iMFI in controls, but
similar values were observed in other groups (Figure 5A). Cells stimulated with PPD
presented high expression of CD8"IL-2* and CD8"TNF-o" iMFI in LL patients (Figure
5A-B). Nevertheless, ML2028 stimulus expressed higher CD8*TNF-a* and CD8"IFN-y*
iIMFI in HHC than TT and LL patients (Figure 5B-C). PPD and MLCS expressed also
elevated CD4*IFN-y*IL-2*TNF-a* (triple* cells) in control and HHC (Figure 5D and E,
respectively). We identify also that ML2028 stimulus presented high CD4*IFN-y*IL-
2"TNF-o" expression in control (0.006 + 0.008) and HHC (0.005 * 0.009) and higher
percentage of CD4*IFN-y IL-2*TNF-a” in HHC (1.55 £ 1.7) than in TT (0.25 £ 0.43)
patients (Figure 5F). ML2028 stimulus presented, however, higher expression of
CD8IFN-y*IL-2'TNF-o in LL (0.06 £ 0.07) than in control (0.0 £ 0.0). After grouping
all kind of positive cells, we observed that ML2028 stimulus presented high expression
of triple* cells in HHC (5.03%) and control (1.6%; Figure 5G). The stimulation with PPD
and MLCS, similarly, presented triple® cells expression in control and HHC. These data
indicate that ML2028 stimulus presented either high expression of multifunctional

CD8'T cell (triple™), especially in HHC.

Discussion

Recent studies, particularly into vaccine efficacy, have reported the role of
multifunctional T cells in chronic infectious diseases as HIV [50], Leishmaniosis [34,37]
and Tuberculosis [38,39]. These studies reinforce the role of multifunctional T cells in

central and effector memory generation and suggest that some antigens might be
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promising for vaccines development. However, this is the first study that analyzed
multifunction T cells expression in leprosy patients and controls stimulated with crude

and a recombinant antigen from M. leprae.

Regarding to leprosy disease, it presents slowly chronic clinical evolution and the
multidrug treatment is effective, but current treatments are long term, about half of the
patients present reactional episodes and some of them develop physical disabilities
[1,2,5,9]. In this study through the evaluation of the immune response of leprosy patients
and HHC recognized by recombinant antigens (ML2028, PPD and MLCS), we
demonstrate the higher expression of multifunctional T cells in HHC than in leprosy
patients. The multifunctional CD4* T cells usually have three potential features: they can
remain as memory or effector T cells; they can further differentiate into less-functional T
cells; or they can die following activation [32]. Therefore, these abilities have important
clinical implications and our findings suggest that these cells can be involved in the

protection against M. leprae infection and leprosy development in HHC.

We have found that the recombinant antigen of M. leprae (ML2028), as PPD and MLCS,
induced higher levels of IL-2 and INF-y (which regulate the differentiation of Thl
response) in supernatant of HHC and PB compared to MB. Provide that, the Th1 response
could lead to more efficient killing of mycobacterium [2] and IL-2 could enhance the
expansion of such cells [32], this data reinforce that HHC immune response is more
effective in M. leprae infection control and hence avoiding the disease development. Our
results revealed either that cells from HHC and PB patients secrete higher levels of IL-2
and IFN-y when stimulated with PPD. Since Bacillus Calmette-Guérin (BCG) has been

used as vaccine against leprosy, the high production of these cytokines reinforces the
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protective immune response that BCG can generate against M. leprae.

As previously mentioned, cellular immune response involving CD4* and CD8* T cells is
important for controlling infection by intracellular pathogens [32]. Moreover, recent
researches have demonstrated also that vaccine-induced generation of multifunctional
CD4* and CD8" T cells provides better protection against intracellular infections [34].
Our data regarding the secretion of both IL-2 and IFN-y levels in HHC supernatant, made
us to question if these group could present multifunctional T cells expression. Using
multiparameter flow cytometry, we observed similarly that ML2028 was recognized by
a higher population of antigen-specific multifunctional (double™ CD4" T cells) in control
and HHC than in LL patients. Since that CD4*IL-2"TNF-a* is associated with central
memory and CD4*IFN-y*IL-2" and CD4*IFN-y*TNF-a* is involved with effector
memory generation [32], our data suggest thus that the higher expression of
multifunctional T cells in HHC can be involved with bacillus controls and therefore
present a rational basis to explain the disease resistant in HHC. In addition, it suggests
that ML2028 can provide durable protection by developing memory response. The
multifunctional antigen-specific T cells presented also high expression of iMFI CD47IL-
2" in HHC and iMFI CD4*IFN-y* in controls. Since iMFI calculation incorporates the
magnitude, quality and the potency of the response, it reinforces thus that HHC immune
response is more effective against M. leprae infection. These data highlight the
importance of iMFI to determining a total functional response and show that the iMFI can
be useful for correlating with protection [35]. Interestingly, Kim and colleagues [51]
suggest that BCG contains many antigens that can augment multifunctional T cell
populations. In the current study, our data showed also that PPD antigen was recognized
by multifunctional T cells, similar to ML2028. It corroborates our supernatant data and

the protective immune response that BCG can generate against M. leprae infection.
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The role of CD8'T cell during infection for protection has been also recently investigated
[32]. Furthermore, CD8" T cells that produce IFN-y and TNF-a have enhanced cytolytic
activity and the IL-2 secretion promotes cell expansion, it could enhance CD8" T cell
memory function in chronic infectious diseases as HIV [50] and Leishmaniosis [34,35].
We have also found that ML2028 stimulus expressed antigen-specific multifunctional
(IFN-y*IL-2*TNF-a*) CD8" T cells in control and HHC. Based on these trends, we
reported that CD8" T cells from HHC individuals with better control of infection have an
increased frequency of multifunctional cells compared with those patients with leprosy.
Altogether, this indicate that multifunctional CD8*T cells can be involved also with M.

leprae control in HHC group.

We observed also that the antigen-stimulus do not presented high levels of IL-10 in
patients and controls. 1L-10 is an important cytokine associated with Treg response and
some authors have reinforced the role of IL-10 to equilibrium between inflammatory and
anti-inflammatory responses, as observed in other infectious diseases, such as mucosal
Leishmaniasis [52-54]. Therefore, ML2028 stimulus, as PPD and MLCS, were not
associated with strong anti-inflammatory responses. Alternatively, we identified IL-17A
levels more elevated in HHC than in MB patients. In this regard, IL-17A may attract
neutrophils to mediate defenses against different pathogens [25,40,55] and activates other
immune mechanisms that help to control intracellular pathogens. Th17 responses can be
associated also with a protective effect during M. leprae infection. Altogether, these data
suggest that the multifunctional antigen-specific T cells do not express higher levels of

IL-10 and hence they are not associated with anti-inflammatory responses.

In summary, this is the first study that demonstrated the expression of multifunction T
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cells in leprosy patients and HHC, stimulated with crude and a recombinant antigen of M.
leprae. Taken together, our data reported the higher frequency of triple* and double®
CD4* and CD8" T cells in HHC by antigen-specific. We observed also that ML2028, PPD
and MLCS antigens were associated with Thl response in HHC, but do not presented
high levels of IL-10. Therefore, these findings highlight that HHC express high

multifunctional antigen-specific T cells and has a more effective immune response

against M. leprae infection.
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Tables

Table 1. Demographic and clinical characteristics of PB and MB patients and

household contacts (HHC).

PB MB HHC
Variables (n=39) (n=17) (n=31) p value
Age Range (years) 11-84 10-77 25-79
Mean = SD 46.87+17.81 40.59+18.76 48.89+10.81 *0.19
Gender (male) n (%) 11 (28.2%) 10 (58.8%) 11 (35.5%) **0.02
Lesion number  Range *0-15 2-20 NA *<0.0001
Mean = SD 2.13+2.66 10.24 + 4.69 NA
Leprosy
. n (%) 12 (30.77%) 11 (64.7%) NA **0.01
reaction
Physical
disability Degree 1n (%) 19 (48.7%) 08 (47.1%) NA **0.28
Degree 2 n (%) 03 (7.7%) 03 (17.6%) NA %0 26

SD: Standard Deviation; NA: Not applicable. *Mann-Whitney test; ** Fisher exact test
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Figure 1. Strategy for the analysis of multifunction T cells response using a seven-

color flow cytometry panel to simultaneously analyze multiple cytokines at the

single-cell level in PBMC samples stimulated with crude and recombinant antigens.

(A) After single cells selection (FSC-A x FSC-H), the lymphocytes were selected

according to a (B) FSC-A (size) versus SSC-A (granularity) dot plot, followed by (C)

CD3* gating. (D) CD3*CD4" and CD3"CD8" T-cell were separated into CD3" gate. (E-J)

CD3*CD4" and CD3'CD8" T-cell phenotypes were ploted against each cytokine

individually: interleukin-2 (IL-2), tumor necrosis factor-o (TNF-a) and interferon-y (IFN-

y). Boolean gating was performed to generate the frequencies of the possible seven

combinations of cytokine producing CD4* and CD8" cells using FlowJo software.
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Paucibacillary (PB), Multibacillary (MB) and household contacts (HHC). IL-2, INF-

v, IL-10 and IL-17A levels were measures in heparinized total blood supernatants of

leprosy patients classified according to Ridley Jopling and HHC, stimulated with

recombinant antigen (ML2028) (A-D) and crude antigens of M. tuberculosis (PPD) (E-

H) and M. leprae (MLCS) (I-L). Cytokine concentrations were collected and determined

by Luminex.
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Figure 3. Correlation among supernatant cytokines. Cytokine concentrations from

PB (n = 23) and MB n = 28) leprosy patients and HHC (n = 23) samples stimulated with

MLCS (A), PPD (B) and ML2028 (C) were analyzed by Luminex Technique and

correlation between the cytokines (IFN-y and IL-2) values were determined by

Spearman test. CI = Confidence Interval. *Asterisks indicate statistically significant

correlations, at a p value < 0.05.
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each of the seven possible combinations of IFN-g*, IL-2* or TNF-a‘in PBMC of Contr
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G) The fraction of the total response comprising cells expressing all three cytokines (3%),
any two cytokines (2*) or any one cytokine (17). Statistical analyzes determined by Mann-

Whitney and T test. *Asterisks indicate statistically significant differences between

groups at a p value < 0.05.
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G) The fraction of the total response comprising cells expressing all three cytokines (3%),
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any two cytokines (2) or any one cytokine (1). Statistical analyzes determined by Mann-
Whitney and T test. *Asterisks indicate statistically significant differences between

groups at a p value < 0.05.
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Supplementary Figure 1. Correlation among supernatant cytokines. Cytokine

concentrations from PB (n = 23) and MB n = 28) leprosy patients and HHC (n = 23)

samples stimulated with MLCS, PPD and ML2028 were analyzed by Luminex Technique

and correlation between the cytokines (IFN-y and IL-2) values were determined by

Spearman test. CI = Confidence Interval. *Asterisks indicate statistically significant

correlations, at a p value < 0.05.
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A) Questionario Investigativo

ANEXOS

QUESTIONARIO

Estudo Imunolégico e Genético na Hanseniase

3. Classificacéo:

CASO

0 INDICE (1) 0 CONTROLE INDICE (2)

1. Ne¢ Estudo: -

2. Familiade Relagdo__
7 PARENTE do CASO (3)

IDENTIFICACAO

4. Se PARENTE:
Relacdo com caso indice:

' PailMae (1)

[ Sobrinho(a) (6)

Irmé&os (2)
Tio(a) (7)

Filho(a) (3)
Cénjuge (8)

Avos (4) 1 Primos (5)
N&o se aplica (99)

5. Data de Nascimento / /

(dd/mm/aaaa)

8. Raca: [ branca(l) [ negra(2) [ parda(3) 0Oindigena(4)

6. Idade: anos 7.Sexo: [JF (1) M (2)

9. Escolaridade: [ Analfabeto (1)

[1 Ensino médio (completo/incompleto) (3)

1 Ensino fundamental (completo/incompleto) (2)
1 Ensino superior (completo/incompleto) (4)

11. 00 Urbana (1) (1 Rural (2)
10. Ocupagéo:
12. Endereco: 13. Telefone:
14. Cidade: 15. Bstado:
FATORES AMBIENTAIS
16. J4 trabalhou como cagador ou acompanhou-0s? [1Sim (1) [1Nao (2) [1NS (3) [1NA(99)

17.

Caso a resposta seja afirmativa, por quanto tempo (aproximado)?

meses [1NS (3) 11 NA(99)

18.

Que tipo de animal cacou?

ou [ NA(99) [Se 16 for (2)]

1Sim (1) [ N&o (2)

19. Tem luz elétrica na casa?

20. Tem &gua encanada? [1Sim (1) 1 N&o (2)

21. Tem rede de esgoto? [1Sim (1) 1 N&o (2)

22. Etilismo? 0Sim (1) 1 N&o (2)

23. Caso a resposta seja afirmativa, tempo total? ___meses ou [1NA(99) [Se 22 for (2)]
24. . Caso a resposta seja afirmativa, descreva a quantidade (ml) /semana _____, tipo de bebida

25. Ex-Etilista? [1Sim (1) 1 N&o (2) ou [ NA(99)

26. Caso a resposta seja afirmativa, ha quanto tempo parou? meses ou [1NA(99) [Se 24 for (2)]

27.

Ha quanto tempo mora ha mesma casa que o [caso indice]?

meses ou [ NA(99)

28.

Ha mais alguém [além do caso indice] com Hanseniase na familia?

7 Sim (1) [ N&o (2)

20.

Caso a resposta seja afirmativa, quantos parentes?

parentes ou [1 NA(99) [Se 27 for (2)]

30.

Caso a resposta seja afirmativa, qual o grau de parentesco?

[ Pai/Mae (1) (1 Irméos (2) [ Filho (a) (3)
[1AvO (0) (4) [1Primo (a)(5) [1Tio (a) (7)
[ISobrinho(a) (6) [1 Cénjuge (8) [J Outro (10)
[1 NA (99) [Se 27 for (2)]

31.

Esta(as) pessoa(as) RESIDEM na mesma casa que VOcé?

[1Sim (1) [1Nao (2) [1NA(99)
[1 Reside na mesma casa, mas ndo é parente

(4)

32.

Vocé ja recebeu BCG?

| Sim (1) [IN&o (2) L NS (3)

33.

Vocé ja recebeu a segunda dose da BCG?

_ Sim (1) [IN&o (2) L NS (3)
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34. Algum dos seus parentes recebeu a 22 dose da vacina BCG? D Sim (1) ON&o (2) ONS (3)

[ Pai/Mae (1) JlIrmaos (2) O Filho(a) (3) O
Avés (4) O Primos (5) U Sobrinho(a) (6)
[ Tio(7) 0 Cbnjuge(8) 1 NA(99) [ Outro(10)

35. Caso aresposta acima seja afirmativa, quais familiares?

HEREDOGRAMA

HISTORIA DA DOENGA PREGRESSA

36. Ja teve lesdo cutanea da Hanseniase anteriormente? )
~ . 0Sim (1) ON&o(2) ONS(3) [NA(99)
Se a resposta for NAO, passe para a questao 44.

37. Caso aresposta seja afirmativa, qual foi a data de inicio? OU a idade de inicio?

/ (mm/aaaa) anos [1NA(99)

o ] . lesdes cutaneas [1NA(99)

38. Caso a resposta seja afirmativa, apresentou quantas lesdes?
39. Tem até hoje cicatrizes cutaneas caracteristicas de Hanseniase? Sim (1) [INao(2) UNS (3) [I1NA(99)
40. Vocé recebeu tratamento para a Hanseniase? Sim (1) [INao(2) UNS (3) [I1NA(99)
41. Caso a resposta seja afirmativa, vocé completou o tratamento? 11Sim (1) [1N&o (2) [INS (3) [1NA(99)
42. Quanto tempo durou o seu tratamento? meses 7 NA(99)
43. Desenvolveu algum tipo de Reagdo? 0Sim (1) [1N&o (2) [INS (3) [1NA(99)

44. Caso a resposta seja afirmativa, quando desenvolveu (em relagéo ao

[1Antes(1) (1 Durante(2) 1 Depois(3) [1 NA(99)

tratamento)?
HISTORIA DA DOENCA ATUAL

45. Observa-se lesdo cutanea ativa? (1Sim (1) [IN&o(2) [INS(3) [1NA(99)

o . . lesBes ou OONS(3*) [NA(99)
46. Caso aresposta seja afirmativa, apresenta quantas les6es?
47. Caso a resposta seja afirmativa, ha quanto tempo apresenta essas lesao(des)? (meses) ou [1NS(3%) [1NA(99)
48. Voceé esta tratando a Hanseniase ativa? Caso sim responder a questéo 77 7Sim (1) 11 N&o (2) 1 NA(99)
49. Houve confirmacdo da Hanseniase por biopsia? 0Sim (1) [©ONao(2) OONS(3) [INA(99)

50. Qual o nome do Hospital/lUBS que recebe atendimento?
ou [INS (3) [INA(99)

51. Qual a Forma Clinica? CHI(1)  CHT(2) JJHDT (3) [IHD (4)
[IHDV (5) [1HV(6) [INeural (7) [1NA(99)

PQT/PB (1) [1PQT/MB(2) [INS(3)

N - ”
52. Qual o esquema terapéutico ou drogas utilizadas* ~ NA(99)
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53. Tem a marca da vacina BCG? 0Sim (1) ONao(2) ONS(3) [NA(99)
54. Apresenta sangramento ou formagéo de crostas nasais? 0Sim (1) [N&o(2) [INS(3) [INA(99)
0 Grau Zero (1) OGraul(2) OGrau2(3)

55. Grau de incapacidade avaliado no exame neurolégico:

O Grau 3 (4) 1 NA(99)

INFORMACAO ADICIONAL

DETECCAO DE DOENGAS ALERGICAS - ASMA

56. Alguma vez na vida, vocé teve sibilos (chiado no peito)?
Se a resposta for NAQ, passe para a questdo 59.

1Sim(1) [ N&0(2) (I NS(3) (1 NA(99)

57. Nos Ultimos 12 (doze) meses, vocé teve sibilos (chiado no peito)?
Se a resposta for NAO, passe para a questdo 59.

1Sim(1) 0N&o(2) [ NS(3) [ NA(99)

58. Nos ultimos 12 (doze) meses, quantas crises de sibilos vocé teve?

(1 Nenhuma(1) (11 a 3 crises(2)
(14 a12 crises (4) [1+de 12 (5)
0 NS(3) [ NA(99)

59. Nos ultimos 12 meses, com que frequéncia vocé teve seu sono
perturbado por chiado no peito?

[1 Nunca acordou com chiado (1)

[1 Menos de 1 noite por semana (2)

[11 ou mais noites por semana (4)
NS(3) [1 NA(99)

60. Nos Ultimos 12 meses seu chiado foi tdo forte a ponto de impedir que vocé conseguisse
dizer mais de duas palavras entre cada respira¢do?

1Sim(1) [1N&0(2) (I NS(3) (1 NA(99)

61. Alguma vez na vida vocé teve asma?

7Sim(1) 0N&0(2) 1 NS(3) [ NA(99)

62. Nos ultimos 12 meses vocé teve chiado no peito apds exercicios fisicos?

7Sim(1) 0N&0(2) 1 NS(3) [ NA(99)

63. Nos Ultimos 12 meses vocé teve tosse seca a noite, sem estar gripado
ou com infecgao respiratéria?

11Sim(1) [1N&0(2) [ NS(3) (1 NA(99)

DETECC;AO DE DOENCAS ALERGICAS - RINITE (13 A 14 anos)
OBS: Todas as perguntas s@o sobre problemas que ocorreram quando vocé ndo estava gripado ou resfriado!

64. Alguma vez na vida vocé teve problema com espirros ou coriza
(corrimento nasal), quando néo estava resfriado ou gripado?
Se a resposta for NAQ, passe para a questao 67.

11Sim(1) 0 N&0(2) 1 NS(3) [ NA(99)

65. Nos ultimos 12 meses vocé teve algum problema com espirros,
coriza (corrimento nasal) ou obstrugéo nasal quando néo estava
gripado ou resfriado? Se a resposta for NAO, passe para a questao 67.

11Sim(1) 11 N&0(2) [ NS(3) (1 NA(99)

66. Nos Ultimos 12 meses esse problema nasal foi acompanhado de
lacrimejamento ou coceira nos olhos?

11Sim(1) [1N&0(2) [ NS(3) (1 NA(99)

67. Nos Ultimos 12 meses, quantas vezes suas atividades diarias foram
atrapalhadas por esse problema nasal?

[ Nada(1) [ Um pouco(2)
[ Moderado(4) [ Muito (5)
[1NS(3) [1NA(99)

68. Alguma vez na vida vocé teve rinite alérgica?

1Sim(1) 11 N&0(2) [1NS(3) 11 NA(99)
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DETECGAO DE DOENGAS ALERGICAS — DERMATITE ATOPICA

69.

Alguma vez na vida vocé teve manchas com coceira na pele,que
apareciam e desapareciam por pelo menos 6 meses?
Se a resposta for ndo, passe para a questdo 73.

1 Sim(1) [1N&0(2) [1NS(3) (1 NA(99)

70.

Nos Ultimos 12 meses vocé teve essas manchas na pele (eczema)?
Se a resposta for ndo, passe para a questéo 73.

1 Sim(1) [1N&o(2) [ NS(3) (1 NA(99)

71.

Alguma vez essas manchas com coceira afetaram algum dos seguintes
locais: dobras dos cotovelos, atras dos joelhos, na frente dos tornozelos,
abaixo das naddegas ou em volta do pescoco, orelhas ou olhos?

[1Sim(1) [ N&0(2) [ NS(3) [l NA(99)

72.

Alguma vez essas manchas com coceira (eczema) desapareceram
completamente nos dltimos 12 meses?

1Sim(1) ['N&0(2) [ NS(3) [l NA(99)

73.

Nos ultimos 12 meses, quantas vezes, aproximadamente, vocé ficou
acordado a noite por causa de coceira na pele?

[1 Nunca nos ultimos 12 meses (1)
[1 Menos de 1 noite por semana (2)
[ 1 ou mais noites por semana (4)
[1NS(3) [1NA(99)

74.

Alguma vez vocé teve eczema?

1Sim(1) [ N&o(2) (1 NS(3) (1 NA(99)

EXAMES COMPLEMENTARES

75.

Baciloscopia Positva(l) [ Negativa(2) (1 NA(99)

76.

Biopsia (descrever)

77.

Parasitolégico de Fezes:

1° Exame 2° Exame

3° Exame

78.

Ha quantos meses trata a Hanseniase ativa?

(meses)

79.

E Tabagista? Se a resposta for sim responda a questio seguinte

1Sim(1) [ N&o(2)

80.

Quantos cigarros diarios?

DADOS DA ENTREVISTA

DATA: / / (dd/mm/aaa)

ENTREVISTADOR:
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B) CONSENTIMENTO INFORMADO PARA O ESTUDO DA RESPOSTA IMUNE

Nome do Projeto: Estudo Imunoldgico e Genético na Hanseniase

NOME DO PACIENTE:
Registro.HU: Ne°: -

Investigador Principal: Amelia Ribeiro de Jesus, médica, Hospital Universitario Rua
Claudio Batista S.N, Bairro Sanatorio, Aracaju,-Brazil., Tel: (79)3218-1805.

Convite e Objetivo:

Vocé é convidado(a) a participar de um estudo que tem como objetivo entender porque
as pessoas tém Hanseniase. Este estudo incluird 90 pessoas com esta doenca que
apresentam formas diferentes de feridas na pele. Além das informac@es deste documento
vocé pode perguntar tudo sobre o estudo ao seu médico. Caso decida participar do estudo

voceé sera solicitado(a) assinar este formulario de consentimento.

Participacdo voluntaria: A sua participacdo é voluntaria. Vocé pode decidir nao
participar do estudo em qualquer momento, sem perder os beneficios dos cuidados
médicos prestados e de seu tratamento. Caso, ap0s aceite participar, resolva descontinuar
sua participacdo, isto sera feito sem qualquer prejuizo para vocé. Participando ou ndo do

estudo vocé recebera o medicamento utilizado para o tratamento da Hanseniase.

Finalidade do estudo: Este estudo vai estudar como o seu corpo se defende quando
atacado pela bactéria que causa esta doenca. Para isto estudaremos o0 seu sangue e uma

parte do exame de bidpsia de sua ferida na pele.

Procedimentos: Caso vocé concorde em participar do estudo, além de ser examinado por
um meédico clinico, realizar biopsia da lesdo, teste intradérmico e exame de secre¢édo de
sua orelha, métodos que sdo necessarios para o diagnéstico da doenga, vocé doara 40mi
de sangue (mais ou menos 3 colheres de sopa) para a pesquisa dos mecanismos de defesa
do organismo. A retirada do pedaco da pele ou da ferida para diagndstico da sua doenca
sera feita com anestesia para vocé nao sentir dor e parte deste material podera ser utilizado

para os estudos da defesa do seu corpo contra a bactéria que causa a doenga. Caso 0
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diagnostico de Hanseniase ndo seja confirmado, todo o material obtido para pesquisa sera

destruido.

Duracédo do estudo: Apo0s a assinatura do termo de consentimento sua participacdo no
estudo € de 5 anos, a contar do primeiro dia de tratamento, caso vocé tenha Hanseniase.
Periodicamente, vocé serd examinado para determinar a cura da doenga ou necessidade

de utilizacdo de novo tratamento, que também Ihe sera fornecido gratuitamente.

Confidencialidade: Qualquer informacdo obtida durante este estudo s6 sera do
conhecimento da equipe médica e do 6rgdo que protege o individuo em pesquisas (Comité
de ética do Hospital Universitario) Vocé e qualquer participante desse estudo ndo sera
identificado por nome nas publicagdes dos resultados do estudo. Apenas os representantes

do Comité de Etica em Pesquisa poderdo ver sua ficha clinica.

Anélises de riscos e beneficios: A retirada de seu sangue e de um pedago da ferida sdo
feitos se vocé tiver ferida, ainda antes do tratamento, para confirmar o diagnostico da
doenca. Dor leve na retirada de sangue devido a pun¢do com agulha pode ocorrer. Em
casos raros a retirada de sangue provoca sangramento ou mancha roxa na pele. Como
anestesia local é utilizada, a retirada de um pedaco da ferida ndo é acompanhada de dor.
O tratamento que vocé recebera é igual ao que todos os pacientes receberdo participando
ou nao do estudo. A participacdo lhe trara como beneficio um acompanhamento clinico
mais freqliente. Um médico lhe visitard em sua casa para examinar também sua familia.
Vocé deve retornar as consultas médicas regularmente de acordo com marcacao de seu

cartdo do Ambulatério do HU

Retorno de beneficios para o sujeito e para a sociedade: A Hanseniase é relacionada
a reacdo do seu organismo contra a bactéria que causa a doenca e o conhecimento destas
reacOes do seu corpo pode contribuir ndo s6 para o entendimento da doenga como para
0 aparecimento de novas formas de tratamento ou controle 0s sintomas e também

formas de previnir a doenga.

Custos: Vocé ndo terad custos com o tratamento. Vocé néo recebera pagamento por sua

participacdo neste estudo.
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Esclarecimentos: Caso voceé precise de atendimento médico durante o estudo, vocé pode
contactar um dos seguintes Médicos pelo telefone (79)3237-7353: Dra. Amélia Ribeiro
de Jesus Dr. Emerson Ferreira da Costa ou Dr. Roque Almeida. Caso vocé queira saber
alguma coisa sobre seus direitos e de seu filho, como paciente, vocé pode procurar 0
Comité de Etica do Hospital Universitario, cujo endereco encontra-se no inicio deste

consentimento ou pelo telefone (79) 3218-1805.

Consentimento: Se vocé leu o consentimento informado ou este Ihe foi explicado e vocé
concorda em participar do estudo, favor assinar o nome abaixo. A vOCé sera entregue uma

copia deste formulario para guardar.

Assinatura do participante Data Hora
Assinatura do pesquisador Data Hora
Assinatura da testemunha (apenas analfabetos) Data Hora
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C) FORMULARIO DE CONSENTIMENTO PARA MENORES DE IDADE
(MENORES DE 18)

ESTUDO DA RESPOSTA IMUNE

Nome do Projeto: Estudo Imunol6gico e Genético na Hanseniase

NOME DO PACIENTE:
Registro.HU: Ne: -

Investigador Principal: Amelia Ribeiro de Jesus, médica, Hospital Universitario Rua
Claudio Batista S.N, Bairro Sanatorio, Aracaju,-Brazil., Tel: (79)3218-1805.

Convite e objetivo: Vocé esta sendo convidado a participar de um estudo cientifico para
determinar as razdes porque pessoas desenvolvem Hanseniase. NOs perguntaremos a vocé
sobre a sua satde. Um médico fara exame fisico em vocg, incluindo boca e nariz. Isto ndo
causara dor em vocé. Entdo, nds tiraremos um pouco de sangue (cerca de duas colheres
de sopa) de seu braco usando uma seringa e agulha descartaveis para realizar alguns
exames que ajudardo a explicar a doenca. Nés também iremos fazer um teste na pele,
onde nos injetaremos uma pequena quantidade de liquido (duas gotas) no seu braco
usando uma agulha fina. Nds também vamos precisar remover um pequeno pedago da
pele ou do nariz para confirmar se vocé tem a doenca. Isso sera feito por um médico no
hospital, com anestesia local para evitar dor. NGs esperamos atraves deste estudo
esclarecer mais sobre a doenca, entendé-la e assim poderemos preveni-la no futuro.

Vocé pode nédo participar deste estudo. Se vocé quer nos ajudar, por favor, assine ou

coloque sua impresséo digital abaixo.

Assinatura ou impressdo do paciente Data Hora
Assinatura ou impressao do responsavel Data Hora
Testemunha Data Hora
Pesquisador Data Hora
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